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Appendix to “A Restatement of the Protein Transition” 

This Appendix presents the evidence base surrounding a protein transition in a list of numbered 

statements structured into three main sections. Each statement is organised as follows: the 

numbered sections provide a synthesis of the relevant scientific evidence, and the lettered 

subsections o@er detailed information and supporting references for each piece of evidence. It 

starts with a background section covering what proteins are and why they are needed, as well as 

a short historical perspective on the focus on protein. The second section focuses on the social, 

political, occupational health and economic contexts currently shaping the protein transition 

landscape in the EU. Finally, the last section focuses on the impacts of a protein transition on 

various sustainability dimensions including human health, environment, animal health and 

welfare, and the economy. The terms that are used in this Restatement are defined in Box1 in the 

main paper. Throughout this Restatement, footnotes are used to explain or clarify technical terms 

that are highlighted in red. Finally, cross referencing is used between the statements to emphasise 

related dimensions of the protein transition.  
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1. Background 

1.1. What is protein and why is it needed? 

(1) Protein is a vital macronutrient crucial for human health, playing a key role in growth, 

development, maintenance, and repair of bodily tissues and systems (Lumsden et al., 

2024). Protein is made up of amino acids: twenty di@erent amino acids make up the 

proteins found in the human body and nine of those are classified as indispensable 

because the human body cannot synthesize them (Lumsden et al., 2024). These 

indispensable amino acids1 must be obtained through dietary sources. The nutritional 

quality of a protein food is assessed by its ability to provide all the indispensable amino 

acid requirements. The quality, amount, and composition of protein can vary significantly 

between di@erent animal and plant-based foods. This variability will be discussed further 

in Statements (29) and (32) 

(2) For centuries, Europeans have primarily relied on cereals and pulses as their main dietary 

protein sources (Popkin, 1993, 2006). However, the post-war era witnessed a significant 

and rapid increase in animal protein consumption, with, for example, a doubling in per 

capita consumption of aquatic animal-based protein today compared to the 1960s (FAO, 

2022). These products quickly transitioned from being occasional luxuries to convenient, 

everyday staples, reshaping dietary habits and food cultures (Moberg et al., 2020; Vijver, 

2005). Over the past two decades, growing concerns about  their environmental impacts, 

animal welfare, and the equitable distribution of food in the context of a rising global 

population have placed increasing focus on the sources of protein in our diet (Duluins & 

Baret, 2024a). This has contributed to the emergence of a novel protein sector (Box 1 in 

the main paper). However, it remains debatable whether this development has been 

primarily driven by shifts in consumer demand or by the introduction of new o@erings in 

the market. 

(3) Protein-rich foods constitute a wide range of di@erent types of foods from di@erent 

sources, and subject to di@erent levels of processing (Figure 1). These foods are also 

highly variable in their protein content, and thereby the amount needed to be consumed 

to reach the daily protein recommendation of 58 grams per day for a 70 kg weighing adult 

(EFSA, 2012; Figure 1). It should be noted that protein quality (Statement (29)b)) is not 

 
1 An indispensable amino acid, also known as an essential amino acid, is an amino acid that the human body cannot 
synthesize on its own in su7icient quantities and must, therefore, be obtained through the diet. 

https://www.sciencedirect.com/topics/food-science/nutritive-value
https://www.sciencedirect.com/topics/food-science/nutritive-value
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/dietary-protein
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taken into consideration in the amount needed to be consumed for reaching the daily 

recommendation. 

 
Figure 1: Food quantity (g) required per food type to meet a recommended daily intake of 58 grams for a 70 kg adult 
(EFSA, 2012). The range reflects the diversity of products within each food type, with the minimum and maximum 
representing the product with the highest and lowest protein content, respectively, and the middle value representing 
the mean of all products (protein contents were all based on fresh matter and taken from Anupama & Ravindra, 2000; 
Parodi et al., 2018; RIVM, 2025; USDA, 2025). 

1.2. Historical perspective: The focus on protein is nothing new 

(4) In the mid-20th century, international organisations, nation-states, and non-

governmental organisations (NGOs) took a particular interest in protein, driven by fears of 

global protein shortage and a lack of individual protein intake, especially in low-income 

countries (K. J. Carpenter, 1986). This period, known for its focus on protein deficiencies 
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such as kwashiorkor in children, saw protein emerge as a primary target for nutritional 

research and intervention programs (Guthman & Bilteko@, 2023). The concept of a “world 

protein gap” positioned protein as a solution to global hunger and undernutrition. During 

this period, protein was elevated to the status of a "charismatic nutrient," a term used to 

describe nutrients that gain a special cultural and political authority (Guthman & Bilteko@, 

2023). This charisma was not only based on its nutritional value but also on the socio-

political narratives that framed it as essential for feeding a growing population and 

respecting individual dietary needs (Blaxter & Garnett, 2023; Guthman & Bilteko@, 2023). 

However, this period also saw the "great protein fiasco", where the focus on protein in 

development programs led to misguided solutions that failed to address the broader 

nutritional needs, highlighting the limitations of reducing food to its macronutrient 

content (K. J. Carpenter, 1986; Mclaren, 1974).  

(5) Today, protein remains a dominant focus in debates around health, fitness, and several 

dimensions of sustainability (Sexton et al., 2019). In high-income countries, the obsession 

with protein is evident in diet culture, where it is marketed as a vital nutrient for weight 

management, muscle building, and overall health (Wilson, 2019). While this paper will 

focus on EU countries, protein remains critically important in low-income settings, where 

access to su@icient dietary protein is often low (McCullough et al., 2024). The 

environmental impacts of animal-based protein, in particular, have become a significant 

concern, leading to debates about sustainable protein sources and the promotion of 

plant-based and novel proteins (Janin et al., 2023). Aquatic animal-based protein is, 

however, often omitted or inadequately addressed in these discussions, but when 

considered, may play a variety of roles due to vast di@erences in environmental impacts 

and nutrient content between aquatic species and production methods (Farmery et al., 

2017; Koehn et al., 2022). Today, protein still holds a status as a "heroic" nutrient, largely 

unscathed by the critiques that have befallen other macronutrients like fats and 

carbohydrates (Guthman & Bilteko@, 2023). Lastly, the narrative of a world protein gap due 

to increasing demand is still highly used by many actors to justify existing practices and 

the development of additional protein sources (Duluins & Baret, 2024b).  
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2. Socio, political and economic contexts shaping the protein 

transition in the EU  

This section describes the European social, political, and economic contexts within which the 

protein transition unfolds. It also aims to put forward the enabling and disabling factors that 

facilitate or hinder the protein transition. This section focuses on transitions that operate within 

the boundaries of current systems, regimes, and paradigms rather than challenging or reimagining 

these structures. Alternative visions for the future of food, such as agroecology and food 

sovereignty, might critique this approach, arguing that addressing systemic lock-ins requires 

more transformative changes.  

2.1. Economic context 

Economic protein landscape 

(6) The European livestock sector remains a critical pillar of the EU agricultural economy, 

with key contributions from the pig, dairy, cattle, and poultry sectors. However, 

structural shifts are evident, with declining livestock farms and concentration on larger-

scale holdings. In parallel, European capture fisheries and aquaculture2 supply a 

significant share of seafood products, although dependence on imports is increasing, 

with production concentrated in specific member states. Meanwhile, dietary shifts and 

the rise of alternative protein markets are reshaping the food industry, attracting major 

players from both traditional meat and large food corporations. 

a) The livestock sector is a cornerstone of the EU agricultural economy 

(Pais et al., 2020), contributing approximately €214 billion in production 

value in 2023, representing 39.8% of the total agricultural economy 

(Eurostat, 2024b). In 2023, the pig and dairy sectors were the most 

significant contributors to the production value, accounting for 9.2% and 

13.9%, respectively, of the 39.8% total from the animal sector. Other 

significant contributors included cattle (6.6%), poultry (5.0%), and eggs 

(3%) (Eurostat, 2024b). Although most of the seafood consumed in 

Europe is imported (Bell et al., 2018), European fisheries and 

aquaculture contribute up to 38% to the supply of seafood products in 

the European Union (EUMOFA, 2024). 

 
2 Capture fisheries refer to harvesting aquatic organisms from oceans, seas, rivers and lakes, while 
aquaculture is the practice of raising aquatic organisms for food in a controlled environment. 
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b) In 2020, the EU had 4.1 million agricultural holdings with livestock, 

representing 44.9% of all farms (Eurostat, 2020). Of these, 21.6% are 

specialised in livestock production, with specialist dairy farms (5.1%) 

and specialist cattle-rearing (4.2%), and fattening (4.2%) the most 

numerous (Eurostat, 2023). This figure represents a decline from 2010, 

where 55.7% of farms had livestock, reflecting broader structural shifts 

in European farming (European Commission, 2024i). Larger-scale farms 

accounted for a substantial share of the total livestock population, 

showing a clear trend towards the concentration of livestock production 

on fewer but larger holdings (Eurostat, 2022). In 2020, it is estimated that 

39% of LSU are found on the biggest farms (over 100ha), while 21% of 

LSU are found on farms under 10ha (Eurostat, 2022). This concentration 

can be characterised by livestock density, which measures “the stock of 

animals converted in livestock units3 per hectare of utilised agricultural 

area” (Eurostat, 2022).  In 2020, the average livestock density in the EU 

was 0.7 LSUs per hectare of UAA. This figure varied significantly across 

member states, with the highest value in the Netherlands (3.4 LSU/ha), 

and the lowest in Bulgaria, Latvia and Lithuania (0.2 LSE/ha) (Eurostat, 

2022). 

c) In 2022, the total production value of EU fisheries, including both 

landings and aquaculture, was estimated at around €11.6 billion 

(Eurostat, 2025a). Specifically, the value of aquaculture production 

alone was approximately €4.8 billion, with EU aquaculture production 

mainly focused on finfish species (e.g., trout, seabream, seabass, carp, 

tuna) and molluscs (e.g., mussels, oysters, and clams) (Eurostat, 

2025a). The EU's fisheries sector produced about 4.2 million tonnes of 

aquatic animals, with landings contributing 3.1 million tonnes and 

aquaculture 1.1 million tonnes (Eurostat, 2024d). Aquaculture is 

concentrated in four countries that account for ~70% of total 

 
3 The livestock unit, abbreviated as LSU (or sometimes as LU), is a reference unit which facilitates the 
aggregation of livestock from various species and age as per convention, via the use of specific coeXicients 
established initially on the basis of the nutritional or feed requirement of each type of animal. 
The reference unit used for the calculation of livestock units (=1 LSU) is the grazing equivalent of one 
adult dairy cow producing 3 000 kg of milk annually, without additional concentrated foodstuXs (Eurostat, 
2025b). 
 

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Dairy_cow
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aquaculture production in the EU: Spain, France, Greece and Italy 

(Eurostat, 2025a). Wild capture fisheries mainly come from Spain, 

Denmark, France, the Netherlands and Ireland (EUMOFA, 2024). 

d) The shift in dietary preferences and the rise of novel protein substitutes 

have resulted in a new market structure for alternative proteins. While it 

initially gained momentum through a surge of innovative startups, it is 

now witnessing increasing involvement from major players in the meat 

industry (e.g., Vion Food Group (Netherlands) and large food 

corporations such as Danone (including Alpro), Unilever (including the 

Vegetarian Butcher and Nestlé (Good Food Institute, 2024a; Guthman et 

al., 2022; Lurie-Luke, 2024). For seafood, commercial fisheries are 

shifting their attention to aquaculture (Cleaver et al., 2024; Uzunca & Li, 

2018). There are concerns that cell-based meat will be monopolised by 

large meat industry players  (Howard et al., 2021; Santo et al., 2020; 

Sholar, 2025). 

(7) The Common Agricultural Policy (CAP) shapes the EU livestock sector's profitability 

through direct subsidies, coupled income support4 for ruminants, and targeted rural 

development programs. Many farms, especially cattle operations, heavily rely on CAP 

payments, which account for a substantial share of their income. Fisheries and 

aquaculture also benefit from subsidies through the European Maritime, Fisheries and 

Aquaculture Fund. Protectionist measures, such as tari@s and sanitary trade barriers, 

further bolster EU livestock producers by restricting imports and maintaining high 

domestic prices, particularly for beef, while dairy faces global price competition due to 

export dependency. 

a) The CAP plays a central role in shaping profitability in the livestock 

sector. Under Pillar 1, direct income subsidies provide significant 

support, particularly for larger farms. While most payments are 

decoupled from production levels, 13–15% of Pillar 1 funds remain 

coupled to sectors deemed vital for agricultural diversity, notably 

ruminant production systems such as beef, dairy, and sheep farms 

(Guyomard et al., 2021). In contrast, pig and poultry production systems 

do not receive coupled support from CAP. Furthermore, CAP’s Pillar 2 

 
4 Coupled payments are subsidies provided to farmers that are directly linked to the production of specific 
agricultural products (Guyomard et al., 2021) 
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directs approximately 60% of its funds toward livestock farms, 

particularly in less-favoured areas, through programs like the Areas of 

Natural Constraints and Agri-Environment and Climate Schemes 

(European Commission, 2021b). The CAP also incentivises protein crop 

cultivation by o@ering Coupled Income Support and eco-schemes to 

promote leguminous crops (European Commission, 2024i).  

b) The European Union (EU) provides substantial subsidies for its fisheries 

and aquaculture sectors through the European Maritime, Fisheries and 

Aquaculture Fund which allocates approximately €6 billion for the 2021–

2027 period (European Parliament, 2024b). The fund, largely managed 

in collaboration with Member States, supports areas such as fleet 

modernisation (under strict conditions to prevent overcapacity), 

cessation of fishing activities, and the development of sustainable 

aquaculture (European Parliament, 2024b). In addition to the European 

Maritime, Fisheries and Aquaculture Fund, the EU allocates €1 billion for 

the external dimension of its Common Fisheries Policy (CFP), funding 

multilateral agreements and partnerships like the Sustainable Fisheries 

Partnership Agreements  (Skerritt et al., 2020). Lastly, the EU fisheries 

sector benefits from fuel tax exemptions, with the EU fleet consuming 

1.9 billion litres of fuel, accounting for an estimated cost of €700 million 

(European Parliament, 2022). Over time, EU subsidies have increasingly 

shifted away from fleet expansion and toward promoting environmental 

sustainability, conservation, and diversification, reflecting a broader 

commitment to balancing economic resilience with environmental 

stewardship (Skerritt et al., 2020). 

c) Research indicates that the economic performance of many farms relies 

heavily on receiving CAP payments (Duluins et al., 2022; Guyomard et 

al., 2021; Muñoz-Ulecia et al., 2021). Specialist cattle farms are highly 

dependent on subsidies to remain profitable, with subsidies accounting 

for 66% of their gross income in 2020 —the highest among livestock 

farms. In comparison, specialist sheep and goat farms, dairy farms, and 

pigs and poultry relied on subsidies for 31%, 13% and 4% of their gross 

income, respectively (FADN Public Database SO, 2024). Mixed farms 

showed moderate dependency, with subsidies constituting 31% of gross 

income for mixed livestock farms and 39% for mixed crops and livestock 
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farms, most of which are based on ruminant livestock operations (FADN 

Public Database SO, 2024).  

d) Despite a general shift toward market-oriented agricultural policies in 

recent decades, the EU continues to apply protectionist measures, 

particularly in the beef and dairy cattle sector  (Adams et al., 2024). High 

tari@s restrict imports and protect domestic production, allowing 

European livestock farmers to maintain higher prices within EU markets 

(Guyomard et al., 2021; Matthews, 2020). Single Commodity Transfers5 

for beef indicate consistently high levels of protection, with market price 

support reflecting the substantial gap between EU market prices and 

global prices. In contrast, protection for pork has been negligible or 

negative for some years. The dairy sector, while benefiting from high tari@ 

protection, operates di@erently—its strong export orientation means 

that EU market prices are e@ectively determined by global prices, 

rendering high tari@ protection less impactful in practice (OECD, 2023).  

e) Trade barriers in the form of sanitary measures also play a significant 

role in restricting competition for EU livestock products (European 

Commission, 2024h, 2024b). These measures are designed to protect 

human, animal, and plant health by preventing the spread of pests and 

diseases. For instance, strict regulations related to foot and mouth 

disease severely limit beef imports into the EU, and similar restrictions 

apply to pork and poultry due to African swine fever and avian flu, 

respectively (European Commission, 2024g, 2024a). 

(8) Europe's dependence on protein feed imports, particularly soybeans, stems from 

historical trade agreements like the Dillon Round and the Blair House Agreements, along 

with policies prioritising cereal production. This dependence, coupled with the high 

demand for animal feed, has made Europe heavily reliant on protein imports to sustain 

its livestock population. These imports compound the pressure on EU agricultural land, 

much of which is already dedicated to feed production, either as grasslands or cultivated 

crops. Similarly, the EU imports about two-thirds of its seafood products to meet 

demand, prompting initiatives for increased domestic production of protein-rich crops 

and sustainable aquaculture expansion. 

 
5 A single commodity transfer refers to a transaction or movement involving only one type of good or 
product—a single commodity—being transferred from one party or location to another. 
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a) The Dillon Round of the General Agreement on Tari@s and Trade  in the 

1960s granted the U.S. duty-free access to European markets for 

oilseeds, and the 1992 Blair House Agreement further restricted EU 

domestic support for oilseed and protein-rich crops (Bertheau & 

Davison, 2011). While agreements like the Blair House Agreement 

limited crop-specific subsidies for oilseeds rather than the overall 

cultivation area, other factors—such as the competitiveness of protein-

rich crops in many European regions and the restriction on GM soybean 

varieties—have also contributed to limited local production, and more 

specifically low areas dedicated to protein-rich crops as a share of the 

agricultural land (Bertheau & Davison, 2011; Magrini et al., 2016). 

b) Additionally, the EU's focus on cereal production, supported by 

intervention prices and import tari@s, led to limited domestic production 

of oilseeds, further increasing Europe's dependence on imports 

(Blandford & Tangermann, 2021; Boger, 1984). The livestock sector in 

Europe consumes about 72 million tons of protein feed annually, 

including cereal and protein-rich crops. Around 25% of this feed 

(corresponding to 18 million tons of protein) is imported, with a 

significant part being soybean (Statement (8c)) (European Commission, 

2024i). 

c) Today, the EU imports approximately 11.3 million tons of protein coming 

from soybeans annually (corresponding to around 20 million tons of 

soybeans), which are predominantly used for animal feed. This is a 

reliance that the European Commission and Parliament are actively 

seeking to reduce through domestic production initiatives (European 

Commission, 2018, 2024i).  

d) Since the 1960s, the monogastric livestock sectors, particularly 

chickens and swine, have experienced significant growth. Between 1961 

and 2021, the population of chickens increased by 104%, while swine 

populations grew by 50% in the EU (FAOSTAT, 2024b). This expansion has 

driven a higher demand for feed, intensifying the competition between 

food and feed for land use as monogastric cannot feed on grass and thus 

depend on crops that could be directly used for human consumption 

(Karlsson et al., 2021). In 2024, 67% of the protein produced from 

domestically grown crops in the EU was allocated to animal feed 
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(European Commission, 2024i).. This notably includes crops such as 

cereals, oilseeds, and pulses, (European Commission, 2024i).  

e) Approximately two-thirds of the available seafood products in the EU are 

imported to meet current demand. However, even dietary 

recommendations for seafood consumption (Statement (34)d)) cannot 

be supplied nationally in more than half of the countries in Europe 

(Lofstedt et al., 2021).  

(9)  The protein-rich crop sector in Europe faces the challenges of underdeveloped value 

chains, limited economies of scale, low investment, and limited research attention in 

agronomic research and breeding. Therefore, farmers favour traditional crop production 

systems of cereals and oilseeds for food and animal feed over protein-rich crops. To 

overcome these challenges, EU and national governing bodies are increasingly 

allocating funds to research and innovation for these crops. Dietary changes and valuing 

certain crops beyond their economic returns can support the attractiveness of protein-

rich crops. 

a) European protein-rich crop value chains remain underdeveloped and 

comparatively less profitable for producers and actors in the value 

chain, particularly due to limited economies of scale, insu@icient 

investment in agronomic research, and competition from imported 

soybeans (Balázs et al., 2021; Bues et al., 2013; European Commission, 

2024i; Magrini et al., 2016). The small agricultural area dedicated to 

protein-rich crops (less than 2%) further restricts economies of scale, 

perpetuating a technological lock-in6 where low production 

discourages investment in areas such as breeding, agronomic research, 

and processing infrastructure (Bues et al., 2013; European Commission, 

2024i). This creates a threshold e@ect across the production and value 

chain, where protein-rich crop value chains face challenges in 

establishing themselves within the broader agricultural system. They 

struggle to achieve competitiveness as the financial returns across the 

value chain are insu@icient to make these crops profitable compared to 

more established sectors  (European Commission, 2024i).  

 
6 A technological lock-in occurs when an economy, industry, or society becomes dependent on a specific 
technology, making it diXicult to transition to alternative options. 
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b) Increasing the share of locally produced protein-rich crops for food and 

feed purposes has been clearly stated multiple times by the European 

authorities, including the Parliament and the Commission (European 

Commission, 2018, 2024i; European Parliament, 2023a). This notably 

explains that research and development funds at European and national 

levels are increasingly directed toward research and innovation, not only 

in protein-rich crops for food and feed but also in novel proteins for 

broader applications (European Commission, 2024i). 

c) Breaking the lock-in with traditional crop production systems remains 

challenging, as protein-rich crops are not yet as profitable or attractive 

to EU farmers as cereals and oilseeds (Richthofen et al., 2006). Farmers 

often report lower returns from crops like legumes, which lack the 

funding and market infrastructure that have historically supported 

cereals and oilseeds like rapeseed. Established cereal supply chains, 

being more lucrative and stable, are often favoured for both food and 

feed, further constraining the growth and competitiveness of the protein 

crop sector (Balázs et al., 2021; Bues et al., 2013). While investment in 

breeding programs, agronomy, and market development could enhance 

the competitiveness of protein-rich crops, climatic and soil conditions 

must also be considered (Sellami et al., 2019; Vollmann et al., 2000).  

d) Dietary changes that reduce the consumption of animal products lead 

to a decrease in the demand for land used to produce feed while 

increasing the demand for land used to grow plant-based foods, 

including protein-rich crops (Röös et al., 2017). However, the land 

required for plant-based food production is generally lower than that 

needed for livestock feed, as producing 1 kg of terrestrial animal protein 

typically requires around 6 kg of plant protein (Aiking, 2014). Reducing 

feed protein imports without corresponding dietary adaptations could 

require reallocating land use, potentially increasing the share of 

agricultural land dedicated to feed production. This shift might involve 

replacing high-yield crops, such as wheat, with protein-rich crops, 

potentially decreasing overall agricultural e@iciency (Freund et al., 

2025). On a global level, this land-use adjustment could increase 

pressure on land as wheat production moves to less climate-e@icient 
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regions, potentially intensifying environmental impacts (Freund et al., 

2025; Sellami et al., 2019).  

e) While much of the scientific literature highlights the limited presence of 

protein-rich crops in cropping systems despite their environmental and 

nutritional benefits (Magrini et al., 2016), these discussions often frame 

the issue narrowly around profitability and agro-industrial pathways. 

Alternative pathways could include local, small-scale, or agroecological 

approaches that value multifunctional systems (Mawois et al., 2019). 

2.2. Political context and power dynamics 

(10) Agricultural and fisheries policies have been central to European integration7 

since its inception in the 1950s, reflecting a broader e@ort to unify the continent 

politically, economically, and socially. This integration was built on shared institutions, 

policies, and legal frameworks aiming to foster peace, stability, and cooperation in the 

post-war era. The establishment of the Common Agricultural Policy (CAP) in 1962 and 

the Common Fisheries Policy (CFP) in 1983 marked significant milestones, ensuring 

food security, stabilizing markets, and supporting aquaculture and agriculture. 

a) Since the creation of the single market in the 1980s, several political 

domains influencing the food system—such as trade, fisheries, food 

safety, animal welfare, and environmental and climate policy—have 

become increasingly integrated at the European level (Jackson et al., 

2020).  

b) The CAP was established in 1962 as a cornerstone of European 

integration, aiming to ensure food security, stabilize markets, and 

improve agricultural productivity in the aftermath of World War II 

(European Commission, 2024k). It marked the beginning of a unified 

approach to agriculture within the European Economic Community , 

fostering economic development while supporting farmers through 

subsidies and market interventions (European Commission, 2024k).  

c) Fishing policy entered EU law in 1958 through the Treaty of Rome, which 

was highly connected to agricultural policy, aiming at increasing 

 
7 European integration refers to the process through which European countries have increasingly 
coordinated and unified their policies, institutions, and economies to promote peace, stability, and 
prosperity across the continent. It involves deepening collaboration among European nations, particularly 
through the creation and development of supranational organizations such as the European Union (EU). 
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productivity, stabilising markets, providing healthy food and ensuring 

reasonable prices for consumers. The CFP, more focused on the 

conservation and management of wild stocks, was established in 1983 

and has, over time, developed into a separate entity (European 

Parliament, 2024a). Aquaculture gained significant policy attention in 

the late 1970s as part of broader e@orts to diversify seafood production 

and reduce reliance on wild fish stocks (European Parliament, 2024a). 

In 2013, the European Commission   adopted strategic guidelines to 

enhance sustainable growth of aquaculture under the heading of the 

Blue Growth Strategy (Ulmann & Benros, 2017). This meant reducing 

administrative burdens, improving access to space and water, 

increasing competitiveness through innovations and research, and 

increasing compliance with high standards. Still, the EU aquaculture 

sector has not grown as intended, so new strategies have been 

developed in recent years to also align with the European Green Deal 

and Farm to Fork Strategy (European Commission, 2024c).  

(11) Farming has traditionally been treated as an exceptional sector8, receiving 

subsidies and policy protections to ensure food security, sustain rural livelihoods, and 

preserve cultural traditions. However, a shift toward agricultural post-exceptionalism 

emphasises market forces, environmental sustainability, and public health, aligning 

with the goals of the protein transition. Despite this, reforms often result in policy 

layering rather than transformative change, maintaining the influence of established 

agricultural frameworks and lobbies. 

a) Farming has long been regarded as a unique sector deserving special 

support due to its role in ensuring food security, sustaining rural 

livelihoods, and preserving cultural traditions (Skogstad, 1998). This 

preferential treatment, known as agricultural exceptionalism, grants the 

agricultural sector extensive subsidies, policy protections, and 

regulatory exemptions not a@orded to other sectors (Daugbjerg & 

Swinbank, 2009). In Europe, this privileged status has been further 

entrenched by the influence of powerful agricultural and industry 

lobbies, which have consistently steered reforms toward incremental 

 
8 Agriculture is regarded diXerently from most economic sectors in modern societies, considered to 
contribute to broader national interests and goals and to warrant extensive state intervention, resulting in a 
movement of “Agricultural exceptionalism” (Daugbjerg & Swinbank, 2009). 
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adjustments rather than transformative changes (Daugbjerg & Feindt, 

2017). 

b) In contrast, agricultural post-exceptionalism emphasises prioritising 

market forces, environmental sustainability, and public health, which 

aligns with the goals of the protein transition by reducing livestock 

subsidies and promoting less resource-intensive protein sources like 

protein-rich crops (Alons, 2017; Daugbjerg & Feindt, 2017). In practice, 

however, attempts at agricultural policy reform have typically resulted in 

policy layering — where new objectives are layered on top of existing 

frameworks without fundamentally transforming them (Daugbjerg & 

Swinbank, 2016; Feindt, 2010).  

(12) The EU’s transition towards alternative protein production and consumption is 

shaped by multiple, sometimes contradictory, objectives outlined in its legislative 

frameworks. This misalignment arises as policies across various domains—such as 

agriculture, fisheries, environmental legislation, and trade—fail to fully harmonise in 

addressing environmental sustainability, economic stability, and social goals.  

a) On the one hand, the EU seeks to reduce the environmental, climate, 

and animal welfare impacts of protein production, particularly from 

animal production systems. On the other hand, it must balance the 

goals of safeguarding food security, supporting farmers' incomes, and 

maintaining the economic sustainability of the agricultural sector. This 

balancing act is complicated by the fact that several key EU legal 

frameworks that govern the protein transition are often driven by 

diverging stated priorities (Adams et al., 2024; Hundscheid et al., 2024). 

For example, while the CAP primarily focuses on protecting farmer 

incomes and stabilising agricultural markets—often through subsidies 

to livestock production—other policies, such as the E@ort Sharing 

Regulation and Habitats Directive, prioritise reducing greenhouse gas 

emissions and minimising the environmental impacts of intensive 

farming (Boezeman et al., 2023; De Pue et al., 2017; Guyomard et al., 

2021).  

b) Following its o@icial objectives in the Treaty on the Functioning of the 

European Union, the CAP primarily focuses on supporting farmer 

incomes, stabilising agricultural markets and ensuring low prices for 

consumers. CAP influences the protein transition by shaping 
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agricultural production systems, subsidies, and research priorities 

across the EU (European Commission, 2024k). 

c) The Common Fisheries Policy (CFP) significantly shapes fisheries 

production in the EU with a complex array of policy packages. The 

objectives centre around achieving long-term environmentally 

sustainable management that is aligned with economic, social, and 

employment benefits. Many policy objectives support eliminating 

overcapacity9 and promoting sustainable practices such as using low-

impact fishing gear.  

d) Although regulated by EU rules for environmental protection and health, 

the EU aquaculture sector only has non-binding strategic guidelines, 

adopted in 2013, focusing on increasing the availability of nutritious, 

healthy, and tasty aquatic food with low environmental impact while 

creating economic opportunities and jobs (European Commission, 

2024c). 

e) Environmental legislation in the EU, much of which was introduced 

during the 1980s and 1990s, includes key directives such as the 

Habitats, the Birds, the Nitrates Directive, and frameworks like the Water 

Framework Directive and the Marine Strategy Framework Directive. 

These Directives aim to reduce the environmental impacts of fisheries, 

aquaculture, and agriculture. For example, the Nitrates Directive 

influences the protein transition by regulating agricultural practices to 

reduce water pollution caused by excessive nitrogen and nitrate runo@, 

which primarily originates from intensive livestock farming (Council 

Directive 91/676/EEC of 12 December 1991 Concerning the Protection 

of Waters against Pollution Caused by Nitrates from Agricultural 

Sources, 1991).  

f) International agreements, particularly the COP15 and COP2810 

agreements, emphasise biodiversity and climate objectives that may 

 
9  Overcapacity in the fishing sector refers to a situation where the fishing fleet (boats, equipment, and labor) 
has the capacity to catch more fish than is sustainable for fish stocks or the marine ecosystem to replenish. 
This often leads to overfishing, depletion of fish populations, economic ineXiciencies, and environmental 
degradation. 
10 Conference of the Parties (COP) to the United Nations Framework Convention on Climate Change: an 
international climate summit where global eXorts to combat climate change are negotiated. 
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challenge agricultural, fisheries, and aquaculture production practices 

(UNFCCC, 2023). 

g) The European Climate Law (Reg. (EU) 2021/1119) and the Nature 

Restoration Law (Reg. (EU) 2024/1991) lay down the goals set out by the 

EU Green Deal. The EU Green Deal is presented as “a roadmap for 

Europe to become climate-neutral by 2050” and has led to the adoption 

of several Directives and Regulations that should guide the EU to reach 

its climate targets in line with the commitments of the Climate Law 

(European Commission, 2021c). At the heart of the Green Deal are the 

Farm to Fork Strategy (European Commission, 2020) and the Biodiversity 

Strategy (European Commission, 2021a), which aim to align agriculture 

with broader sustainability targets. The Farm to Fork Strategy, for 

instance, emphasises the need to shift dietary patterns away from red 

and processed meats toward more plant-based alternatives, directly 

supporting the protein transition (European Commission, 2020). 

h) The Regulation (EU) 2015/2283 on novel foods has a strong focus on the 

precautionary principle11. This regulation governs the approval of novel 

proteins such as cultured meat and insect-based foods (Regulation (EU) 

2015/2283 of the European Parliament and of the Council of 25 

November 2015 on Novel Foods, Amending Regulation (EU) No 

1169/2011 of the European Parliament and of the Council and Repealing 

Regulation (EC) No 258/97 of the European Parliament and of the 

Council and Commission Regulation (EC) No 1852/2001, 2015).  

(13) Vertical coherence challenges emerge from the division of responsibilities 

between the EU and its Member States. While production-side policies are primarily 

decided at the EU level, many competencies regarding consumption-side policies 

remain within the remit of national governments. This division is further shaped by the 

principle of subsidiarity, which allows member states to adapt and implement EU 

policies according to their national and regional contexts, enabling flexibility but 

complicating a harmonised approach across the EU.  

a) While the EU establishes broad frameworks for production-focused 

policies like the CAP and environmental regulations, Member States 

 
11 A risk management approach that applies preventive measures to avoid potential harm to people or 
ecosystems when full scientific evidence about risks is not yet available. 
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retain substantial control over demand-side measures that contribute to 

reshaping physical and social food environments (Schebesta & Candel, 

2020). These include food education, fiscal policies (e.g., taxes), public 

procurement, and regulations shaping consumer behaviour, such as 

zoning and advertising restrictions (SAPEA, 2023). The ensuing 

coordination challenge complicates the development of a harmonised 

food environment that can fully support the protein transition and a 

broader shift towards a more sustainable food system. 

(14) National and local initiatives are key to advancing the protein transition in Europe. 

Countries like France, Germany, and the Netherlands have adopted strategies to reduce 

animal-based protein reliance, promote sustainable livestock, and support local 

protein-rich crops, though adoption varies, with resistance in some regions like Italy. At 

the local level, cities such as Ghent and Helsinki promote vegetarian meals in public 

canteens, while several cities has banned meat advertisements, highlighting the 

complementary role of subnational e@orts in driving sustainable food systems. 

a) At the national level, Member States such as France, Germany, Finland, 

the Netherlands, Denmark, and Flanders (Belgium) have introduced 

strategies to support the protein transition, including a wide range of 

objectives such as promoting the substitution of animal-based proteins 

with alternatives in diets, reducing reliance on imported animal-based 

proteins, promoting local protein-rich crops and value chains, and 

fostering more sustainable livestock systems (European Commission, 

2024i). These e@orts also include encouraging shifts towards climate- 

and animal-friendly farming practices. However, the adoption of these 

policies varies widely. While some member states have embraced the 

transition, others have been slower or have resisted it. For instance, 

Italy's ban on cultivated meats in December 2023 restricted both the 

production and marketing of lab-grown meat, citing the need to protect 

traditional food culture and agricultural heritage (Good Food Institute, 

2023a). The law also introduced restrictions on labelling plant-based 

products with traditional meat-related terms like "salami" or "steak”. 

Similarly, France and Austria are witnessing growing resistance to 

cultivated meat and other novel foods, driven by concerns over their 

impact on local farming and food traditions (Mambro, 2024). 
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b) Local-level policies are also playing a crucial role in supporting the 

protein transition. Cities like Ghent, Freiburg, Grenoble, and Helsinki 

have introduced vegetarian-only or default vegetarian meals in public 

canteens on certain days (Keyzer et al., 2012; Lombardini & Lankoski, 

2013). At the same time, several cities in the world are banning meat 

adds. For example, Haarlem become the third Dutch city to implement 

a ban on meat advertisements, after Utrecht and Amsterdam (Protz, 

2025; Wright, 2022). These subnational e@orts highlight the importance 

of local strategies alongside EU-level policies in driving the protein 

transition across Europe (De Schutter et al., 2020). 

(15) To achieve reduced consumption of animal-based foods and increased adoption 

of plant-based and novel foods, several demand-side policies, including financial, 

regulatory, informational, and behavioural strategies, can be investigated. Financial 

measures, such as taxing meat or subsidising plant-based alternatives, show potential 

but are constrained by limited empirical evidence and variability in price elasticity across 

products and contexts. Informational and behavioural interventions, like food labelling 

and nudges, are also frequently proposed but often demonstrate limited or temporary 

impacts on consumer behaviour. While these approaches hold promise, the lack of 

robust empirical data makes it challenging to establish a clear consensus on their 

e@ectiveness. 

a) Financial measures, such as taxing meat or subsidising plant-based 

alternatives, are suggested to influence food choices and reshape 

market dynamics (Borthwick & Garnett, 2015). However, the purchasing 

e@ects of taxing meat products may be small because the price is not 

the main determinant influencing food choice for animal foods in high-

income countries, and the price elasticity of animal products is variable 

and depends on the specific product and context (Vellinga et al., 2022). 

Subsidies of healthier food products such as fruits and vegetables may 

be e@ective, with a larger reduction in price showing increasing food 

purchases (An, 2013; French et al., 2001). In general, interventional 

studies on the e@ects of taxes and subsidies are scarce, and thus, solid 

empirical evidence is lacking (M. Siegrist et al., 2024). Moreover, most 

evidence on these interventional studies has been gained from 

modelling studies (e.g., Säll & Gren, 2015). Informational and 

behavioural interventions, such as food labelling and nudges in public 
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catering, are frequently proposed as strategies to encourage consumers 

to adopt alternative protein sources (Bryant et al., 2024). However, 

research has shown that the impact of these interventions is often 

limited (Baptista et al., 2025; Grundy et al., 2022) or fails to produce 

lasting behavioural changes (Baptista et al., 2025; Nisa et al., 2019). 

Moreover, most research is focused on the e@ects of interventions on 

attitudes and intentions rather than actual consumption (Kwasny et al., 

2022). 

(16) Despite the EU’s ambitions to accelerate the protein transition by fostering 

innovation towards more plant-based and alternative proteins, its policies continue to 

favour animal production systems. The influence of agricultural and industry lobbies, as 

seen in the pressure placed on the Farm to Fork Strategy, the Common Agricultural 

Policy and Common Fisheries Policy, highlights how entrenched priorities and 

frameworks in agricultural policy continue to support animal production and slow 

progress toward a broader protein transition. Moreover, regulation and restrictions on 

labelling further impede the market entry and diversification of the protein supply of 

alternative proteins. 

a) The imbalance in public funding is stark, with the livestock sector 

receiving 1200 times more support than the alternative protein sector 

(Vallone & Lambin, 2023). This disparity is exacerbated by the 

externalisation of environmental costs12 in livestock production and 

the weak enforcement of the “polluter pays” principle (Trinomics et al., 

2023). Given that power is manifested largely in the form of capital 

(Vallone & Lambin, 2023), pathways for disruption will likely require a 

complex and context-specific combination of financial interventions to 

interrupt profit streams, such as taxation and the removal of meat 

subsidies (Baudish et al., 2024; Béné & Lundy, 2023). 

b) EU fisheries receive significant subsidies, including fuel tax exemptions, 

which support energy-intensive practices (Ziegler & Hornborg, 2014). 

While substantial progress has been made in reforming these subsidies 

over the past decades, harmful incentives—such as those that 

encourage overcapacity in fishing fleets—persist (Skerritt et al., 2020). 

 
12 Externalisation of environmental costs is the practice of not including the costs of negative environmental 
impacts (e.g., health costs, biodiversity loss, climate change) into the market price of goods and services. 
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These subsidies not only undermine sustainable fisheries management 

but also hinder the critical energy transition needed to reduce the 

sector's environmental impact (Ziegler & Hornborg 2023).   

c) Lobbying practices overwhelmingly favour animal protein, significantly 

shaping existing policy configurations. Lobbying e@orts within the 

livestock industry are well-documented, encompassing strategies such 

as providing financial incentives to policymakers and advocating for pro-

meat policies to shape legislative and regulatory outcomes in their 

favour . In comparison, lobbying expenditures by trade and non-profit 

organisations supporting innovation sectors, such as alternative 

proteins, are considerably smaller—reportedly three times less in the EU 

(Vallone & Lambin, 2023). This also extends to fishers, where lobbying is 

a common practice, both by environmental NGOs and the fishing 

industry (Orach et al., 2017). Inflating fishing quotas during political 

negotiations to permit higher catch volumes beyond scientific 

recommendations has been a significant barrier to achieving 

sustainable fisheries (G. Carpenter et al., 2016).  

d) The Farm to Fork strategy and ensuing legislative agenda aimed to 

promote sustainable food systems, including reducing the 

environmental footprint of agriculture and encouraging shifts towards 

plant-based and alternative proteins (European Commission, 2020). 

However, its dismantling under pressure from agricultural and industry 

lobbies underscores the deep-rooted influence of the exceptionalist 

regime, which prioritises the protection of traditional farming practices, 

particularly livestock production, through subsidies and regulatory 

safeguards (Matthews et al., 2023). By preserving these protections and 

diluting e@orts to incentivise alternative proteins, the exceptionalist 

regime e@ectively blocks meaningful progress toward achieving several 

dimensions of sustainability, demonstrating its capacity to absorb and 

weaken policy reforms that threaten the status quo (Matthews, 2024). 

e) The scaling of potentially disruptive innovations such as novel proteins 

is also constrained by market accession procedures, particularly the 
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Novel Foods Regulation13, which requires stringent safety assessments 

for foods not widely consumed before 1997. While the precautionary 

principle ensures high levels of food safety, existing procedures make 

innovative products like insect-based or lab-grown foods struggle to get 

accepted on the EU market, limiting their availability and slowing the 

diversification of the protein supply (Hermann, 2009). 

f) Additionally, regulations restrict the use of dairy-related terms for plant-

based alternatives and prohibit labels from using terms like "alternative" 

or "replacement" when directly referring to the animal-based product 

they aim to substitute, which is suggested to make it harder for 

alternative proteins to gain consumer acceptance and compete 

e@ectively (Lähteenmäki-Uutela et al., 2021; Leialohilani & de Boer, 

2020). 

(17) The issue of food access extends beyond considerations of availability (presence 

of a product) and a@ordability (referring to the cost of a product) (Statement (22(22)e)) to 

encompass power imbalances within global food systems. A “justice gap” exists where 

marginalised and poorer individuals lack equitable access to su@icient, healthy, and 

culturally appropriate protein sources, while wealthy individuals consume more than 

they need. Scholars argue that the focus in food sustainability discourse and action 

should shift from consumer-based strategies such as substituting and reducing animal-

based proteins to tackling inequities in food distribution and governance. These include 

socio-economic disparities, corporate influence and market control, and cultural and 

positional barriers. 

a) Socio-economic disparities and inequalities both within and between 

countries a@ect people's ability to access nutritious food, with huge 

disparities existing in the total global supply of protein (Baudish et al., 

2024). Even if food is physically available in lower-income communities 

or nations, economic constraints often make it una@ordable (Barosh et 

al., 2014; Costlow et al., 2025). Additionally, the uneven global 

distribution of resources and infrastructure means some regions face 

 
13 See Regulation (EU) 2015/2283 of the European Parliament and of the Council of 25 November 2015 on 

Novel Foods, Amending Regulation (EU) No 1169/2011 of the European Parliament and of the Council and 

Repealing Regulation (EC) No 258/97 of the European Parliament and of the Council and Commission 

Regulation (EC) No 1852/2001, 2015. 
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chronic food insecurity while others waste food at alarming rates (FAO, 

2024b). Distributional justice highlights the importance of ensuring that 

everyone has equitable access to food that is safe, healthy, culturally 

appropriate, produced under fair labour conditions, and free from 

environmental harm. Moreover, this food must be su@icient to meet 

individuals' dietary requirements (Baudish et al., 2024). 

b) Large agribusinesses and multinational food corporations wield 

significant control over the production, distribution, and pricing of food 

(Clapp & Scrinis, 2017). Through practices such as vertical and 

horizontal integration, they dominate supply chains, often prioritising 

profits over equitable access (Guthman et al., 2022) (Statement (18)). 

Therefore, it is argued that greater emphasis should be put on setting 

clearly defined regulatory parameters to evaluate alternative proteins 

against their contribution to the public good (Baudish et al., 2024). 

(18) Large agri-food companies increasingly dominate both animal and novel protein 

markets through strategies such as integration and market concentration, reducing 

competition and marginalising small-scale producers. This consolidation reflects and 

reinforces structural power, allowing these corporations to dictate prices, standards, 

and innovation priorities, raising concerns about reduced market diversity and stifling 

progress toward equitable food systems. 

a) Large agrifood corporations have increasingly consolidated control over 

both animal and novel protein markets, often sidelining small-scale 

producers and consumers (Baudish et al., 2024; Fairbairn & Reisman, 

2024; Howard, 2022; Österblom et al., 2015; Weis, 2016). They 

consolidate control through strategies like vertical and horizontal 

integration, geographical expansion, and concentric diversification (e.g., 

acquiring alternative protein start-ups) (Baudish et al., 2024). These 

consolidation strategies lead to market concentration, where a few 

dominant players hold significant control over livestock, aquaculture 

and novel protein markets (Baudish et al., 2024; Guthman et al., 2022; 

Österblom et al., 2015; Pandey et al., 2023; Schutter, 2019). As 

concentration grows, these corporations shape the market by dictating 

prices, standards, and innovation priorities, reducing diversity and 

limiting opportunities for smaller-scale producers to compete (Clapp & 
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Scrinis, 2017; Fairbairn & Reisman, 2024). As corporate power14 

expands, there is growing concern that it stifles technological innovation 

in sustainable, decentralised food systems, creating a corporate lock-in 

that restricts the transition toward more equitable and environmentally 

responsible food practices (Baudish et al., 2024; Sievert et al., 2024). 

b) This market dominance generally give major firms an enhanced capacity 

to exercise political power, allowing these corporations to exert 

disproportionate influence over food and agriculture governance (Clapp 

et al., 2025). In concentrated industries, a small number of firms can 

more easily coordinate to lobby policymakers, fund favorable research, 

and shape regulatory standards- often through industry associations, 

public-private partnerships, and strategic participation in global 

governance platforms (Canfield et al., 2021; Clapp et al., 2025; Fuchs & 

Kalfagianni, 2010; iPES Food, 2023; Sherrington et al., 2023). This 

political influence is visible in sectors such as ultra-processed foods and 

animal agriculture, where dominant firms have shaped narratives 

around sustainability and nutrition, delayed regulatory actions (e.g., 

taxes on sugar-sweetened beverages), and promoted voluntary 

certification schemes that often lack democratic accountability 

(Hattersley et al., 2020; Lauber et al., 2022).  

c) The combination of economic and political power not only entrenches 

corporate control but also undermines democratic participation and 

community agency in food systems (Clapp et al., 2025). Corporate 

lobbying, research sponsorship, and engagement in governance forums 

risk crowding out the voices of farmers, fishers, scientists, and 

consumers—particularly those advocating for more equitable, 

decentralized, and sustainable food systems (Canfield et al., 2021; 

HLPE-FSN, 2019). While these trends raise concerns about corporate 

lock-in and shrinking democratic space, they are increasingly being 

challenged by food sovereignty and agroecology movements, local food 

initiatives, and community-based governance experiments (Duncan et 

al., 2021; Hassanein, 2008; Hendrickson et al., 2017). These e@orts 

 
14 Refers to the influence and authority that corporations wield over economic, social, political, and 
environmental systems. 
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signal alternative pathways that resist the concentration of market and 

political power, seeking to re-democratize food systems and reinstate 

the agency of producers and communities in shaping their food futures 

(Clapp et al., 2025).   

(19) Competing narratives and the spread of (mis)information are critical in shaping 

perceptions and policies around protein production and consumption, reflecting the 

exercise of discursive power. Narratives of protein scarcity and food insecurity often 

drive policies that prioritise increased production, overshadowing issues of equitable 

distribution and access. Pro-livestock narratives emphasise e@iciency and sovereignty 

to maintain current production systems, while pro-transition narratives present novel 

proteins as sustainable solutions to global challenges. Disinformation and 

misinformation, spread by various stakeholders, further complicate the debate by 

distorting facts to favor traditional or alternative proteins. Promissory narratives framing 

novel proteins as silver bullet15 solutions risk creating unrealistic expectations, while 

recycled storylines like 'natural vs. processed' perpetuate entrenched perceptions. 

Collectively, these dynamics influence market trends, public opinion, and policymaker 

decisions, often neglecting broader systemic challenges of environmental sustainability 

and equity. 

a) Discursive power refers to the ability to shape perceptions, beliefs, and 

actions through the use of language, narratives, and communication. It 

operates by framing ideas, setting agendas, and constructing meanings 

that influence how issues are understood and addressed (Anderson, 

2024). Those wielding discursive power can amplify certain narratives 

while marginalizing others, thus shaping public opinion, policy 

decisions, and social norms (Clapp & Scrinis, 2017). 

b) Narratives such as protein scarcity or food insecurity can influence 

policies that prioritise increasing protein production without addressing 

underlying distribution and access issues (Baudish et al., 2024; 

Guthman et al., 2022). Pro-livestock status quo narratives, such as 

those emphasising food security, sovereignty, e@iciency, and 

comparative advantages, tend to support maintaining current livestock 

production levels (Duluins & Baret, 2024b; Hennessy et al., 2021) or the 

 
15 A silver bullet solution refers to a simple, single approach or quick fix that is proposed to solve a complex, 
multifaceted problem, often without addressing its underlying causes or broader context. 
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consumption of animal-based proteins such as red meat (Wood et al., 

2025). In contrast, pro-protein transition narratives frame novel proteins 

as healthier, more sustainable solutions to health risks, environmental 

damage, food insecurity, and global protein shortages linked to 

population growth (Guthman & Bilteko@, 2023; Sexton et al., 2019). 

These narratives shape not only market dynamics but also public and 

policymaker perceptions, influencing the feasibility, desirability, and 

direction of future protein production and consumption systems (Lepore 

& Cunningham, 2024; Wood et al., 2025). 

c) Disinformation refers to false information deliberately disseminated to 

mislead and manipulate public opinion. It acts as a significant barrier to 

informed public debate. While disinformation is not unique to the meat 

sector it is more prevalent compared to the novel protein sector, which 

is still emerging and has less representation in terms of lobbying e@orts 

and vested interests (Vallone & Lambin, 2023). Disinformation can take 

various forms, such as downplaying the environmental impact of 

livestock farming by emphasising technological solutions like improved 

grazing practices or feed additives (Clare et al., 2022; Wood et al., 2025). 

d) Misinformation refers to false or inaccurate information that is shared 

without the intent to deceive. Misinformation can happen when people 

share incorrect or incomplete information. It can involve overstating the 

environmental or health benefits of plant-based alternatives, potentially 

leading to unrealistic consumer expectations. Both the meat industry, 

NGOs, and social media influencers often employ similar strategies to 

shape consumer perceptions, either to favour animal-based proteins or 

to promote plant-based and alternative proteins (Sexton et al., 2019). 

e) Promissory narratives often accompany the marketing and promotion of 

novel proteins. These narratives frame technological innovation, such as 

cultured meat, precision fermentation, or genetically engineered plant-

based proteins, as “silver bullet” solutions for sustainable food systems 

(Guthman & Bilteko@, 2021; Hedberg, 2023; Sexton et al., 2019). These 

promises may neglect to address issues related to scalability, 

a@ordability, and broader social acceptance (Sexton et al., 2019).  

f) Narratives around protein sources often undergo a process of 'recycling', 

where certain storylines are repeated across media channels, industry 
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platforms, policy discussions, and scientific debates. For example, the 

narrative of 'protein scarcity' is frequently invoked (Hayes, 2023; K. Smith 

et al., 2024), creating a sense of urgency that prioritises increasing 

production. This focus frequently overshadows broader discussions 

about creating food systems that are safe, healthy, sustainable, and 

equitable (Baudish et al., 2024). Similarly, the dichotomy of 'natural 

meat' versus 'unnatural or processed alternatives' persists in both pro-

meat and anti-plant-based rhetoric, fostering entrenched consumer 

perceptions that are di@icult to change (Capper, 2020; Katz-Rosene et 

al., 2023) (Statements (20)-(24)). 

 

2.3. Consumer considerations: dietary preferences, eating 

practices, and food environments 

(20) Protein intake in Europe varies significantly across countries and regions 

(Statement (30)(30)) and is shaped by geographic and agricultural factors that shape 

production and consumption patterns. Choices between di@erent protein sources are 

also shaped by cultural and socio-demographic factors such as age, social status, 

gender and religion. Accounting for these dietary preferences is essential for designing 

e@ective strategies to promote a protein transition that aligns with local cultural and 

environmental contexts. 

a) Mediterranean countries like Greece, Italy, and Portugal exhibit diets 

with a more balanced mix of plant and animal proteins (de Boer et al., 

2006; Westhoek et al., 2011). Seafood plays a prominent role in these 

regions, complemented by moderate consumption of red meat, which 

contrasts with the higher intake of animal proteins in Northern European 

countries such as the Netherlands, Sweden, and Finland (de Boer et al., 

2006; Westhoek et al., 2011). In northern Europe, colder climates and 

agricultural practices have historically fostered diets rich in dairy 

products like milk and cheese, along with substantial amounts of meat, 

particularly pork and beef (de Boer et al., 2006; Westhoek et al., 2011). 

b) Protein consumption is deeply intertwined with cultural, social, and 

gender dynamics, reflecting historical and contemporary systems of 

power and identity (Baudish et al., 2024). Animal-based proteins, 
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particularly meat, have long been associated with social status and, in 

some regions, religion (Chiles & Fitzgerald, 2018). Historically, meat has 

carried significant cultural weight, symbolising identity and power 

structures, including patriarchy and neoliberalism (Chiles & Fitzgerald, 

2018). For example, mid-20th century Western rationing policies 

reflected a gendered perception that women were “incapable” of 

handling substantial meat consumption, implicitly encouraging them 

not to consume it (Baudish et al., 2024). These policies highlighted 

meat’s role as an enduring symbol of masculinity and racial/national 

superiority (Chiles & Fitzgerald, 2018). The "real men eat meat" 

phenomenon, though relatively recent in the empirical literature, 

(Velzeboer et al., 2024) underscores the connection between meat 

consumption and masculinity. This association persists into the 21st 

century, with media often leveraging the cultural power of meat to 

reinforce traditional gender roles (Parry, 2010; Rogers, 2008). At the 

consumer level, narratives of change in food reinforcing austerity, 

individual moral responsibility, and the dichotomy of "good" versus 

"bad" consumers can reinforce socio-cultural resistance to dietary 

change (Caraher, 2011; Markowski & Roxburgh, 2019; Resare Sahlin, 

2024). 

c) Studies that categorise consumers into distinct groups aim to identify 

patterns in preferences, behaviours, and motivations to understand 

better and predict dietary choices. These classifications often consider 

factors such as health consciousness, environmental concerns, 

cultural traditions, socio-economic status, and openness to innovation 

(Dagevos, 2021; Verain & Dagevos, 2022). Together, these classifications 

underscore the diversity in consumer behaviours and motivations, 

providing a foundation for designing tailored strategies to encourage 

dietary transitions (Statement (22)). 

(21) Historically, rising incomes and urbanisation have driven increased consumption 

of animal-based proteins as dietary patterns diversify with economic growth. However, 

emerging evidence challenges the linear relationship between income and meat 

consumption. Studies suggest that food culture, dietary habits, and societal factors may 

play a more significant role in shaping protein choices than income. Additionally, 

research highlights the potential for a nuanced, non-linear relationship, such as the 
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Kuznets curve, where higher income levels may eventually lead to a reduction in animal-

based protein consumption. 

a) Historically, the consumption of animal-based proteins has been driven 

by economic development and urbanisation (Gouel & Guimbard, 2019; 

Sans & Combris, 2015). Lower-income countries tend to rely on cereal 

grains and other plant-based proteins as the most a@ordable and 

accessible sources of dietary energy (Delgado, 2003; Qaim et al., 2024). 

As incomes rise, diets tend to diversify, leading to increased 

consumption of animal-source proteins—a trend consistently observed 

across all regions of the world (Mathijs, 2015; Qaim et al., 2024). Yet, this 

income-elastic relationship between income and meat consumption, 

where meat consumption increases in tandem with rising incomes, has 

been challenged in the literature, with findings suggesting that food 

culture and dietary habits, rather than income, are more influential in 

shaping meat protein choices (Berson, 2019; Cisternas et al., 2024). 

b) There is evidence pointing to the idea that animal-based food 

consumption follows a U-shape with a turning point where a higher 

income can result in a reduction of animal-based protein consumption, 

i.e., the so-called Kuznets curve (Milford et al., 2019; Vranken et al., 

2014). Yet, other studies show that while there is evidence supporting an 

inverted U-shaped relationship between income and animal protein 

consumption, the peak consumption level occurs at such high-income 

thresholds that economic growth alone may not be su@icient to curb 

animal protein consumption (Andreoli et al., 2021).  

(22) Several factors shape consumer preferences towards di@erent protein sources 

within present food systems. These factors can be classified under three broad 

categories—capability (e.g., knowledge and skills), opportunity (e.g., availability and 

a@ordability), and motivation (familiarity and taste)— as outlined by the widely 

recognised COM-B behaviour model. Importantly, these factors often interact in 

complex ways to influence behaviour. 

a) The COM-B model is a behavioural framework that explains how three 

key categories of factors —Capability, Opportunity, and Motivation—

interact to influence behaviour. Capability refers to the physical and 

psychological ability to perform a behaviour, Opportunity encompasses 

external factors like the environment or social context that enable or 
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hinder behaviour, and Motivation involves both reflective processes 

(e.g., planning and goals) and automatic processes (e.g., habits and 

emotions) that drive actions (Michie et al., 2011; West & Michie, 2020). 

For a behaviour to occur, all three components must align, making the 

model a practical tool for designing targeted interventions to promote 

behaviour change in areas like health, policy, and organizational settings 

(Daly, 2020). 

b) Capability factors/ i) Knowledge and skills: Many consumers lack the 

necessary information and skills to prepare plant-based meals, which is 

a barrier to transitioning from meat to plant-based diets, especially 

when knowledge skills are needed (e.g., how to cook pulses, adequate 

proportions, ingredient substitutions). Studies indicate that learning 

new cooking techniques and changing the composition of the plate is 

often a challenge for individuals shifting to plant-based diets (Biesbroek 

et al., 2023; Tu@ord et al., 2023). Additionally, perceived concerns about 

meeting nutritional requirements and perceived negative health 

outcomes due to processing often serve as a knowledge barrier 

(Statement (32)(37)) (Rickerby & Green, 2024; Spendrup & Hovmalm, 

2022).  

c) Capability factors /ii) Physical Sensitivity: Taste and texture remain 

influential factors in consumer decisions among di@erent protein 

sources (Govzman et al., 2021). Consumers prefer protein foods that 

align with their sensory expectations, which is why so much e@ort is put 

into technological innovation and development to design novel proteins 

to mimic the sensorial characteristics of animal-based foods (Jahn et 

al., 2021; Michel et al., 2021; Pakseresht et al., 2022). Sensitivity to taste, 

particularly bitter flavors, has been identified as a factor that may drive 

some consumers away from vegetable-rich plant-based dishes 

(Drewnowski & Gomez-Carneros, 2000). 

d) Opportunity factors/ i) Social Context and Social norms: Meat 

consumption holds a central role in food traditions across many 

European countries. This creates significant barriers to reducing its 

consumption, as established cultural and culinary practices often 

prioritize animal-based products as a primary component of meals 

(Fernqvist et al., 2024; Jahn et al., 2021; Onwezen et al., 2021) 
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(Statement (20)(20)). In addition, cultural identity and tradition shape 

protein preferences, with certain foods perceived as emblematic of 

social and cultural practices. For example, culturally relevant events and 

rituals, such as barbecues or festive meals, often revolve around animal-

based products, making dietary changes more di@icult (Daly, 2020). 

Stereotypes portraying vegans and vegetarians as judgmental or 

extreme can also be a barrier (Wehbe et al., 2024), with individuals who 

want to reduce their consumption of animal-based proteins often 

choosing omnivorous options in social settings to avoid potential stigma 

from others (Bolderdijk & Cornelissen, 2022). Religious practices and 

values also influence protein choices, with some faiths, such as 

Hinduism and Buddhism, promoting plant-based diets and others 

imposing restrictions on specific meats, such as pork or beef (Major-

Smith et al., 2022). Beyond direct dietary restrictions, the influence of 

cultural norms in maintaining the status quo, where animal-based 

proteins are often seen as a symbol of wealth or masculinity, further 

reinforces its role ein the daily diet (Camilleri et al., 2023; Modlinska & 

Pisula, 2018) (Statment (20)b)). Social pressures, including concerns 

about deviating from traditional practices or the perceived social 

acceptability of plant-based and novel proteins, are additional factors 

that need to be considered for dietary transitions (Fernqvist et al., 2024). 

For example, implementing vegetarian meals as the default option in 

canteens and public procurement settings can significantly increase the 

uptake of plant-based meals (Statement (14)). This strategy leverages 

behavioural defaults to encourage more sustainable eating habits 

without restricting choice (Baptista et al., 2025).  

e) Opportunity factors/ ii) Physical Opportunity: the availability (i.e., the 

presence of a product, service or resource) of alternatives significantly 

impacts consumer exploration of these options (Baptista et al., 2025). In 

many European countries, the limited presence of alternative protein 

options hampers their adoption. Moreover, the price disparity between 

animal-based products and novel protein sources influences consumer 

behaviour by making di@erent protein sources more or less a@ordable 

(Govzman et al., 2021; Rickerby & Green, 2024; Rubiales et al., 2021). 

Across most European nations, novel (and part of plant-based) proteins 
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are often priced higher than their animal-based counterparts (A. Siegrist 

et al., 2024). This pricing gap results from several factors, including high 

production costs, retail pricing strategies, and market power dynamics 

(Hirvonen et al., 2020). Beyond availability and price, the broader food 

environment encompasses factors such as convenience and product 

visibility, all of which collectively shape consumer choices (Downs et al., 

2020; Zaleskiewicz et al., 2024). For example, nudging strategies, such 

as prominently displaying plant-based or novel protein sources in 

supermarkets, restaurants, and food service outlets, significantly 

increase the likelihood of consumers selecting these options, 

demonstrating the impact of choice architecture on dietary decisions 

(Akinmeye et al., 2024; Larson & Story, 2009). 

f) Motivational factors/ i) Health, Environment, and Ethics: Motivational 

drivers include concerns about health, environmental sustainability, 

animal welfare, and other ethical concerns (Tu@ord et al., 2023). Many 

consumers are motivated by these factors to reduce their animal-based 

protein intake and adopt plant-forward diets. However, evidence has 

also shown a gap between intentions to change and actual actions, as 

observed in the “meat paradox” (Bastian & Loughnan, 2017) (Statement 

(24)). 

g) Motivational factors/ ii) Familiarity and Taste: Familiarity with plant-

based and novel proteins, along with positive taste experiences, are key 

enablers for dietary and behavioural change towards plant-forward diets 

(Graça et al., 2023). Consumers who perceive plant-based meals as 

convenient, tasty, and satisfying are more likely to transition (Graça, 

Truninger, et al., 2019). Conversely, negative associations with plant-

based foods, such as unfamiliarity or expectations of poor taste, act as 

barriers (Daly, 2020). Food neophobia, a fear of trying unfamiliar foods or 

fear of change, and disgust may act as barriers to adopting plant-based 

and novel proteins (Malila et al., 2024a).  

(23) Consumer behaviour and willingness to change dietary patterns vary significantly 

across protein sources. Overall, consumers tend to accept plant-based and novel plant- 

or fungi-based proteins more, followed by culture meat and, to a lesser extent, terrestrial 

invertebrates such as edible insects. The adoption of algae and seaweed remains 

limited. 
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a) Consumers are increasingly willing to purchase plant-based proteins in 

supermarkets due to their perceived health benefits, environmental 

advantages, and ethical considerations. Willingness to change to plant-

based diets is higher among health-conscious individuals, young adults, 

females, and those living in urban areas. However, concerns about taste 

(Statement (22)g)), familiarity (Statement (22)g)), and preparation skills 

(Statement (22)b)) often act as barriers (Akinmeye et al., 2024; Graça, 

Godinho, et al., 2019; Lehmann et al., 2024; Onwezen et al., 2021). 

b) Pulses such as beans, lentils, and chickpeas are among the most widely 

accepted protein foods, especially in regions with traditional vegetarian 

diets as mainstream in food culture (e.g., Mediterranean diets) 

(Statement (20)a)) (Jallinoja et al., 2016). Their health benefits, 

a@ordability, and familiarity make them a staple in many plant-based 

diets (Onwezen et al., 2021). In some European countries, less 

familiarity with the preparation of some legumes creates barriers to 

incorporation into daily food habits (Statement (22)g)) (Henn et al., 

2022).  

c) Consumer acceptance of cultured meat remains low (Pakseresht et al., 

2022). Concerns about its unnatural production process, high cost, and 

potential health risks deter consumers. However, those with strong 

environmental values or familiarity with food technology are more willing 

to try it (Laestadius, 2015; Onwezen et al., 2021; Pakseresht et al., 2022; 

Verbeke et al., 2015). 

d) Insects face high levels of resistance from Western consumers, 

primarily due to disgust and unfamiliarity (Graça, Godinho, et al., 2019; 

Laestadius, 2015; Onwezen et al., 2021). In addition, algae and seaweed 

are gaining traction for their environmental benefits and nutritional 

value, particularly in niche markets focused on environmental 

sustainability. However, their adoption also remains low due to 

unfamiliarity and concerns about taste (Statement (22)g)) (Embling et 

al., 2022). 

(24) There is often a gap between consumers’ expressed intentions (stated dietary 

preferences) and their actual behaviour regarding protein consumption (eating habits). 

This is, for example, the case of what is known as the meat paradox, highlighting the 

tension between dietary preferences and eating habits. Factors like product packaging 
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that de-animalize food further disconnect consumers from the ethical implications, 

enabling justification of their choices. 

a) While surveys reveal a growing interest in alternative proteins for health 

and environmental reasons, market behaviours show that many 

consumers still default to animal-based proteins (Good Food Institute, 

2024b), and that purchases do not consistently substitute for animal-

source proteins but can be bought in addition (Trewern et al., 2021). Even 

though many consumers express support for plant-based and novel 

alternative proteins, price sensitivity and habit often prevent them from 

switching (Michel et al., 2021; Su et al., 2024).  
b) One example of this inconsistency is the "meat paradox," which refers to 

the conflicting attitudes where individuals express concern about the 

ethics of killing animals for food and a desire to reduce meat 

consumption, yet often continue to consume meat regularly (Loughnan 

et al., 2014a). Cognitive dissonance is central to this phenomenon, as 

consumers may reconcile the tension between their enjoyment of meat 

and concerns about its ethical or environmental implications by 

adjusting their beliefs, rationalising their choices, or downplaying the 

perceived negative consequences of meat consumption (Bastian & 

Loughnan, 2017; Loughnan et al., 2014b). 
c) Masking or sterilising products for consumers, for example in the form 

of meat sales in shapes and packages which de-animalize the food, 

disconnect consumers from the reality of animal exploitation in animal 

foods, making it easier to justify their continued consumption despite 

ethical concerns (Tso et al., 2021).  

2.4. Occupational health  

This section explores how working in farming, livestock production, aquaculture and fisheries 

increases certain health risks. These risks include non-fatal acute risks like accidents and 

injuries, non-fatal chronic risks like cancer or respiratory diseases, fatal accidents, and mental 

health issues (including suicide). These risks should be considered, as a protein transition may 

lead to shifts in working practices — for example, a decrease in livestock farming and an increase 

in arable farming.  

(25) Agriculture and fisheries are among the most hazardous economic activities in 

Europe. Workers' health in farming and fishing occupations is a relatively underreported 
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topic. This is largely because self-employed workers do not fall under occupational 

health and safety regulations, and health hazards are not reported. 

a) Agriculture, forestry, and fishing are among the most hazardous 

economic activities in Europe, with nearly 400 registered deaths and 

more than 115,000 non-fatal accidents in 2022 (Eurostat, 2024a). These 

statistics are likely even higher because accidents are reported 

voluntarily by self-employed people, and there is a lack of accident 

insurance coverage for family labor (Merisalu et al., 2019). 

b) Multiple scholars and authorities have pointed out a lack of regulation 

on occupational health and safety for agriculture and fisheries in 

European frameworks (Cavalli et al., 2019; European Agency for Safety 

and Health at Work et al., 2020; Jakob et al., 2021; Shan, 2022; 

Thorvaldsen et al., 2022), specifically due to the lack of sector-specific 

regulations and the fact that these regulations do not apply to small-

scale and family farms (Jakob et al., 2021). 

c) Health hazards go beyond acute injuries or accidents and include work-

related chronic illness. The typically occurring health hazards di@er 

between livestock farmers, fishermen and arable farmers, due to their 

di@erent activities (see Statement (10)). Moreover, health hazards can 

vary widely among farming and management practices (A. Dumont & 

Baret, 2017; Duval et al., 2021; Hagevoort et al., 2013; Molina & Ríos-

Osorio, 2020; Soto Mas et al., 2018).  

d) Sustainable/Alternative farming practices can decrease the risk of 

physical and mental health risks but come with other challenges. To this 

regard, organic and/or agroecological agriculture experiences less 

exposure to harmful substances, such as pesticides (Costa et al., 2014) 

but may come with a higher physical workload and more financial 

uncertainties causing mental stress (Soto Mas et al., 2018). On the other 

hand, agroecological and organic farmers may experience higher levels 

of control to make decisions and initiate innovations, resulting in a more 

pleasant work environment (A. Dumont & Baret, 2017).  

(26) Farmers and fishermen are faced with work specific non-fatal and fatal accidents, 

as well as injuries, that relate to the environment they work in. Even more, chronic 

diseases originate from long term exposure of farmers to (toxic) substances.   
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a) Due to work in confinement buildings, livestock farmers are exposed to 

airborne dust, microbial agents like bacterial endotoxins, and gases, 

which can lead to work-related asthma and rhinitis and enhance lung 

function decline (Sigsgaard et al., 2020). Over the last two decades, 

relatively little improvement has been observed in the respiratory 

disease rate among livestock farmers (Sigsgaard et al., 2020). Often 

occurring health issues also include malignancies (cancer), 

musculoskeletal disorders, neurological diseases, skin disorders and 

hearing loss (Kouimintzis et al., 2007). Acute injuries from accidents are 

also not uncommon, for example, accidents around manure storage 

facilities (Beaver & and Field, 2007) or handling big animals (Dogan, 

2012). 

b) For fishermen and fish farmers, the most common acute accidents 

include fall and crush/impact accidents (Holen & Holmen, 2025), while 

musculoskeletal disorders like neck, shoulder, and arm pain are the 

most common chronic health hazards (Ngajilo & Jeebhay, 2019; 

Thorvaldsen et al., 2020). Musculoskeletal disorders mainly originate 

from heavy lifting, prolonged standing, awkward postures, and repetitive 

work (Moreau & Neis, 2009). In aquaculture, long-term exposure to 

chemicals may cause concern, with the common use of disinfectants, 

parasiticides, fungicides and antifoulants in aquaculture (Moreau & 

Neis, 2009). In addition, fish farming hazards also originate from water 

impoundments, night-time work and o@shore operations (Myers, 2010). 

In capture fisheries, fatal accidents are more common compared to 

aquaculture, mainly due to vessel disasters, drowning after falling 

overboard and drowning in port (Thorvaldsen et al., 2022). Although 

rates are declining (Jensen et al., 2014), such accidents have been 

related to fatigue levels of being at sea for prolonged time (Gander et al., 

2008; A. Smith, 2007).  

c) Overall in agriculture, exposure to chemicals is the number one cause of 

chronic diseases (Molina & Ríos-Osorio, 2020). This is especially 

relevant for arable farmers and greenhouse workers, who frequently 

come into contact with pesticides, insecticides, fungicides and 

herbicides. This exposure can result in reproductive disorders, 

respiratory symptoms, neurological symptoms, and skin irritations 
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(Amoatey et al., 2020). Even more, occupational exposure has been 

associated with di@erent forms of cancer (Alavanja & Bonner, 2012; 

Cavalier et al., 2023; Matich et al., 2021; Varghese et al., 2021).  

(27) In addition to physical health hazards, there is increasing evidence that 

psychological issues among farmers and fishermen are a reason for concern. Threats to 

livelihoods such as climate change, changes in regulations, or financial uncertainties, 

can result in increased stress and mental health problems. Even more, suicide rates are 

relatively high among farmers and fishermen.  

a) Mental health challenges are high among farmers and fishermen, which 

is often related to living in a rural area with a risk of disconnection and 

lack of access to mental health services (European Commission, 2023). 

In addition, awareness of mental health issues, intervention policies, 

and their e@icacy are low (Younker & Radunovich, 2022). A literature 

study showed that 71% of the studies on farmer’s mental health 

concluded that mental issues are more severe among farmers 

compared to the general population (Daghagh Yazd et al., 2019). On the 

other hand, research is lacking on the positive health outcomes of 

farming occupations (Hagen et al., 2019). It has been suggested that 

those working in organic farming systems are happier (Khan et al., 2018), 

but results among studies are inconsistent (Daghagh Yazd et al., 2019).  

b) Mental health issues result from financial uncertainty, social isolation, 

chronic pain, weather/climate uncertainty, regulation compliance and 

paperwork, and a sense of marginalization and beleaguerment (Berry et 

al., 2011; Brew et al., 2016; Dearmond et al., 2006; Truchot & Andela, 

2018). If pesticide exposure is high, it is a high risk for developing mental 

disorders since pesticides can be neurotoxic and directly a@ect neural 

systems, resulting in mental illness and depression (Daghagh Yazd et al., 

2019; Richardson et al., 2019).  

c) Mental health of fishermen and fish farmers is severely 

underrepresented in the literature (Woodhead et al., 2018). Still, existing 

studies suggest that the risks are similar to those experienced by 

farmers – i.e., financial uncertainty and uncertainty in government 

regulations (King et al., 2021; Woodhead et al., 2018). Specific for 

fisheries, however, is the stress originating from unexpected fishing 

access restrictions (Siddique et al., 2023), large scale environmental 
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destruction (Cherry et al., 2017), and having to share their “workspace” 

with others, mainly recreational fishers (King et al., 2021). 

d) Especially in some member states, suicide is an important cause of 

death among farmers and fishermen (Bossard et al., 2016). Several 

studies have found a significantly higher suicide rate among farmers and 

fishermen compared to other occupation groups (Kennedy et al., 2014; 

Klingelschmidt et al., 2018; Milner et al., 2013), calling for increased 

suicide prevention policies  (Klingelschmidt et al., 2018). 

(28) Specific considerations for slaughterhouse employees include the physical and 

mental strain of their work. Specifically, experienced trauma from killing animals and the 

physical e@ects of repetitive work are underestimated.   

a) Repetitiveness of work, awkward positions, and working with 

cold/frozen objects are risk factors for developing musculoskeletal 

disorders in slaughterhouse employees (Dias et al., 2020; Reis et al., 

2015). Specifically carpal tunnel syndrome is commonly observed for 

this type of work (Fitzgerald, 2010). 

b) Di@erent from other forms of killing animals (e.g., fishing or hunting), 

slaughterhouse work is personal and up close (Baran et al., 2016). This 

intentional way of killing can become traumatic (Slade & Alleyne, 2023). 

One study found that, compared to other occupations, working in a 

slaughterhouse was associated with increased alcohol consumption, 

feeling less rested in the morning after a day of work, reporting a lower 

likelihood of being able to perform the same job in 2 years, reporting a 

reduction in work ability due to sickness or accidents, and lower levels 

of meaning from work (Baran et al., 2016).  
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3. Impacts of the protein transition 

This section describes the impacts that the protein transition could have across various 

dimensions of sustainability within food systems. We approach sustainability primarily in terms 

of outcomes. An alternative perspective would be to frame sustainability in terms of specific 

practices, such as defining what constitutes sustainable farming methods or identifying 

sustainable and healthier dietary patterns (Resare Sahlin, 2024). This distinction emphasizes the 

di@erence between assessing the impacts of changes, which is the focus of this paper, and 

examining the processes that drive those changes—an important area but beyond the scope of 

this analysis. 

3.1. Human health  

Health is approached here from a nutritionist perspective, focusing on nutrient composition and 

intake, and does not incorporate aspects of how foods are consumed, including cultural 

practices, eating behaviours, and the social dimensions of dietary habits, which are covered in 

Statements (20)-(24). 

3.1.1. Protein recommendations versus current protein consumption 

(29) Health authorities provide a recommendation for daily protein intake that is 

needed to compensate for bodily nitrogen losses. Actual protein needs vary widely 

within and between individuals, depending on age, body weight, physical activity, and 

physical status (e.g., pregnancy). The intake level that is in line with the Recommended 

Daily Allowance (RDA) is contested by some. Beneficial e@ects of consuming above or 

below the RDA are inconclusive and depend on the studied population.   

a) With nitrogen being a main building block of protein, the recommended 

daily intake is set to compensate for nitrogen losses that occur through 

faeces, urine, and sweat (Rand et al., 2003). The point at which nitrogen 

balance is achieved, i.e., where nitrogen intake is equal to nitrogen loss, 

is assumed to reflect the Estimated Average Requirement (EAR). The EAR 

meets the requirement of 50% of the population. The RDA is higher than 

the EAR to ensure that the requirements of 97.5% of the population are 

met. RDA is, therefore, considered a safe level estimate (EFSA Panel on 

Dietetic Products, Nutrition and Allergies (NDA), 2011). 

b) Both the European Food Safety Authority (EFSA) and the World Health 

Organization (WHO)  recommend a daily protein intake of 0.83g per kg 
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bodyweight as the RDA (EFSA, 2012; FAO et al., 2007). This equates to 

58 g per day for an adult weighing 70 kg. The EAR by WHO and EFSA is 

0.66 g/kg bw/day. Pregnant women, physically active individuals, and 

older adults require more protein than the RDA of 0.83g per kg body 

weight (Joint FAO/WHO/UNU Expert Consultation on Protein and Amino 

Acid Requirements in Human Nutrition Geneva et al., 2007; Weiler et al., 

2023). Although no formal recommendations for specific population 

groups exist, pregnant women are expected to need between 1.2 and 1.5 

g/kg/day (T. V. Stephens et al., 2015) , and the requirement for older 

adults is suggested to be ≥1.2 g/kg/day to mitigate the decline in skeletal 

muscle mass and function (Nowson & O’Connell, 2015; Traylor et al., 

2018). Requirements for athletes vary between sports and activity levels 

(Fielding & Parkington, 2002).  

c) The underpinning concept of the RDA is that the increase in plasma 

amino acids observed in nitrogen balance studies reflects the saturation 

of amino acid needs and that the intake of additional amino acids 

beyond this point has no nutritional value (Layman, 2009). However, 

some studies suggest that protein intakes above 0.83 g/kg/day have a 

beneficial e@ect as they result in an increase in protein synthesis and the 

inhibition of protein breakdown (Pencharz et al., 2016). 

d) Because higher protein intakes increase protein turnover, it is 

hypothesised that high protein intakes can reduce lifespan by higher 

rates of errors in mRNA translation16, while low protein intake 

stimulates autophagy and thereby clean up damaged cells (Basisty et 

al., 2018). Protein restriction may, therefore, promote health and 

longevity (Fontana et al., 2010; Kitada et al., 2019), while long-term high 

protein intake can lead to increased all-cause mortality risk and a@ect 

kidney functioning, especially in individuals with already existing renal 

dysfunction (Pedersen et al., 2013). In addition, excessive protein 

consumption may increase the risk for hypertension, a@ect bone health 

and impact gut microbia negatively (Ortega et al., 2024). However, it 

should be noted that most of the evidence on the health e@ects of high 

 
16 mRNA translation is the biological process by which the genetic information encoded in messenger RNA 

(mRNA) is used to synthesise proteins. 
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protein intake is inconclusive and can be context-dependent with, for 

example, inverse (i.e., positive) outcomes for the elderly compared to 

healthy adults (Kitada et al., 2019). 

(30) While accurately measuring individual protein consumption remains challenging, 

the majority of EU citizens consume su@icient protein, with underconsumption posing 

little concern, particularly among adults. The current average protein consumption in 

Europe exceeds the RDA of 0.83 g/kg body weight, with no single country consuming 

inadequate amounts on average. Protein consumption is highly variable between 

countries and among individuals, which should be taken into account when interpreting 

the average consumption.  

a) Europe comprises approximately 7% of the global population but is 

estimated to consume 16% of the world's available protein (Westhoek 

et al., 2011). Although most available data are averages for Europe or per 

country, it is unlikely that adults in Europe consume protein below the 

RDA (Our World in Data, 2021; Prochazka et al., 2024; Tijhuis et al., 

2011). Inadequate consumption of protein is more prevalent in the 

European elderly (Hengeveld et al., 2018). 

b) In the EU, the average daily protein consumption among adults is 

approximately 82 grams (Simon et al., 2024), against an average body 

mass of 70.8 kg (Walpole et al., 2012). Protein consumption is not 

equally distributed among countries and within populations, both in 

terms of quantity and source (Reedy et al., 2019). Eastern European 

countries generally consume the lowest amounts, i.e., 58-82 grams per 

day (Westhoek et al., 2011). France, Denmark, Portugal, Sweden and 

Spain are among the highest protein-consuming countries (i.e., 85-96 

g/day), consuming twice as much animal-based protein compared to 

the low-consuming countries (Andreoli et al., 2021; European 

Commission, 2024d; Westhoek et al., 2011). Moreover, females tend to 

consume less protein compared to males, and the latter generally 

consume more animal products (European Commission, 2024d). 

However, estimates of protein intake vary depending on how estimations 

were derived (K. G. Smith et al., 2021),  

c) Two methods to quantify protein intake are commonly used: either using 

protein supply data from the FAO food balance sheets corrected for food 

waste and losses (e.g., Simon et al., 2024; Smith et al., 2021; Westhoek 
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et al., 2011) or using intake data from dietary surveys (e.g., Halkjaer et 

al., 2009; Lin et al., 2015; Miller et al., 2022). The correction factor used 

in the previous method accounts for losses during distribution and 

consumption stages, but it introduces a degree of uncertainty (Meybeck 

et al., 2011). Dietary surveys, on the other hand, can be a@ected by recall 

bias and inaccuracies, as participants may misremember or misreport 

their intake (Hebert et al., 1995; Livingstone & Black, 2003; Subar et al., 

2015).  

(31) Although there is a di@erence between protein from animal and plant sources 

regarding protein quality, there are no recommendations or solid evidence for which 

share of total protein intake should be from animal or plant sources. Most studies 

concluding that protein intake is adequate for individuals or populations do not account 

for the di@erence in protein quality between animal and plant sources, which can mask 

an inadequate intake of some indispensable amino acids. Studies that do account for 

protein quality are inconclusive on whether diets with a high share of plant-based protein 

provide adequate protein. A minimally required share of protein from animal sources is 

more likely driven to meet micronutrient requirements than to meet protein 

requirements.  

a) Although the EFSA and WHO define general recommendations for total 

protein intake, they do not provide specific recommendations for 

animal-based protein intake (EFSA, 2012; Joint FAO/WHO/UNU Expert 

Consultation on Protein and Amino Acid Requirements in Human 

Nutrition (2002 : Geneva et al., 2007). In Europe, the largest share of 

protein intake comes from animal sources, with approximately 50 g 

sourced from animal products, including aquatic animal sources, 

followed by 30 g from plant-based products (Prochazka et al., 2024; 

Simon et al., 2024). Based on the FAO Food Balance Sheets, the main 

sources of protein are poultry, milk, and wheat, in descending order 

(FAO, 2024a). 

b) Animal proteins generally provide a complete amino acid profile, i.e., 

they include all indispensable amino acids (Ho@man & Falvo, 2004). 

Conversely, plant proteins such as cereals and legumes may lack 

certain essential amino acids such as lysine and methionine, 

respectively, indicating the need for combining di@erent plant proteins 

to ensure adequate amino acid intake (Rojas Conzuelo et al., 2022; 
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Vissamsetti et al., 2023). Protein requirements can be met without 

consuming animal-based foods by combining di@erent types of plant-

based foods to help boost the intake of those indispensable amino acids 

present in lower quantities (Bakaloudi et al., 2021; Mariotti & Gardner, 

2019). However, long-term clinical studies in humans are limited, and 

these are needed to address concerns about foetal growth for mothers 

on fully plant-based diets (Bali & Naik, 2023), as well as to study growth 

and development in infants on a vegan diet (Alexy, 2023). 

c) In addition, amino acids from plant proteins are less accessible for 

uptake in the body, i.e., they have a lower digestibility (Day et al., 2022; 

Holland et al., 2020), although digestibility also depends on processing. 

This di@erence in digestibility is due to antinutritional factors in plant-

based foods that inhibit digestive enzymes and/or binding protein/amino 

acids and the extent to which digestive enzymes can access the protein 

in animal versus plant cells (Day et al., 2022; Holland et al., 2020). 

Consuming a higher volume of plant-based foods may be required to 

provide all indispensable amino acids in utilisable quantities (Pinckaers 

et al., 2021), but consuming this volume may not be feasible for certain 

population groups (e.g., children with a smaller stomach or elderly with 

reduced appetite) (Domić et al., 2022). Independent of a food’s source, 

protein quantity, quality, and availability are highly variable among foods 

(Day et al., 2022) even within food types such as seafood (Golden et al., 

2021).  

d) As protein-rich foods contain additional important micronutrients, going 

below a 40% share of total protein from animal sources has been 

suggested to risk micronutrient inadequacies, but not inadequate 

protein intake (Simon et al., 2024; Vieux et al., 2022).  

(32) Since the consumption of protein in high-income countries is well above the RDA 

of 0.83g/kg body weight, there is room to reduce total protein intake without running into 

risks of nutritional protein inadequacy. A high-protein diet can be beneficial as a weight 

loss strategy, but there are potential health risks of excessive protein consumption. 

Some argue that there should be a focus on reducing overall protein intake, while others 

suggest a focus on replacing animal protein with plant protein is of higher relevance. 

a) From a weight loss perspective, there is caution against reducing total 

protein intake, as a high protein intake (i.e., well above the RDA) can 
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result in diets that are satiating while low in energy density (Gosby et al., 

2014; Martínez Steele et al., 2018). Therefore, diets high in protein are 

posited as an e@ective way to reduce obesity (Gosby et al., 2014; Leidy 

et al., 2015; Simpson & Raubenheimer, 2005; Westerterp-Plantenga et 

al., 2012). However, dietary behaviour and its e@ects on energy intake 

and body weight are highly complex and individual, and this hypothesis 

may not be universally applicable (Gosby et al., 2011; Martens et al., 

2013; Saner et al., 2020).  

b) Diets with high terrestrial animal-source protein consumption, 

particularly red and processed meat, have been linked to adverse e@ects 

on insulin action and are associated with an increased type 2 diabetes 

risk (Z. Chen et al., 2020; Mittendorfer et al., 2020; Shang et al., 2016; 

Sluijs et al., 2010). In addition to some concerns about excessive protein 

intake (29)b), scholars warn that the side e@ects of high-protein 

processed foods are not fully understood (Kårlund et al., 2019; Ortega et 

al., 2024). This emphasizes the importance of considering the type of 

protein food.  

c) In light of the protein transition, many scholars advocate reducing 

protein consumption to levels that match recommended daily intakes 

and adhere to environmental boundaries (Clark et al., 2020; de Boer & 

Aiking, 2019; Ivanovich et al., 2023; Simon et al., 2024; Springmann et 

al., 2018; Verkuijl et al., 2024; Willett et al., 2019).  Even if total protein 

intake is reduced and the ratio of animal- to plant-based protein is 

maintained, the level of animal-based protein may still come with 

relatively high impacts on human health and the environment (Simon et 

al., 2024). However, the type of animal-source protein consumed can 

make a large di@erence. For example, a much smaller volume of bivalves 

may fulfill many nutritional needs compared to larger volumes of, e.g., 

cod, against lower environmental impacts (Bianchi et al., 2022). 

d) From a nutritional standpoint, substituting animal-based proteins for 

plant-based proteins can be nutritionally adequate, provided that the 

substitutes' quality and overall macro- and micro-nutrient profiles are 

carefully considered (Chalupa-Krebzdak et al., 2018; Guillin et al., 2021; 

Mariotti & Gardner, 2019). This notion of substitutability emphasizes the 

need to evaluate protein sources not only based on their protein content 
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and the presence and balance of indispensable amino acids but also 

considering other crucial nutrients such as vitamins, minerals, and 

fibber, as well as their digestibility and bioavailability17 (Vissamsetti et 

al., 2023). However, evaluating the substitutability of animal-based 

proteins with plant-based proteins is complex due to the significant 

variability in nutrient profiles across the wide range of both plant- and 

animal-based proteins (Ranganathan et al., 2016; Bianchi et al. 2022). 

e) Alternatively, substituting red- and processed meat for seafood is 

advocated as a way to reduce health risks associated with red- and 

processed meat while maintaining su@icient nutrient intakes (Thomsen 

et al., 2018; Xia et al., 2023). Provided this concerns individuals that have 

a risk of inadequate nutrient intake when omitting terrestrial meat, 

seafood – with its highly diverse nutritional profiles – deserves  attention 

as a sustainable protein alternative (Tlusty et al., 2019). 

 

3.1.2. Dietary role of protein foods 

(33) In addition to protein, foods such as meat, dairy, eggs, seafood, legumes, nuts and 

grains provide a wide range of other nutrients. All of these foods can therefore contribute 

to nutrient-dense diets, and (without considering fortified products or supplementation) 

some foods are essential for meeting nutrient recommendations. However, discussion 

remains about the di@erences in the nutrient bioavailability among di@erent protein 

foods and how this a@ects the nutrient adequacy of a diet. In addition to whole foods, 

some plant-based analogues and novel alternative proteins can also be part of healthy 

and nutrient-dense diets. However, their novelty and existing research gaps have led to 

some controversy. 

a) Animal-based foods are rich in iron, zinc, folate, calcium, and vitamins 

A, B12, and D  (Beal, 2021; Chalupa-Krebzdak et al., 2018). Plant-based 

foods, on the other hand, provide a wide range of minerals and are 

generally the main source of vitamin C, carbohydrates, and fibber in the 

diet (Comerford et al., 2021). In addition, plant-based foods contain 

antioxidants and anti-inflammatory components (Carlsen et al., 2010). 

 
17 Bioavailability refers to the proportion of a nutrient or compound that is absorbed and utilized by the body 
after consumption. It indicates how eXectively a substance is digested, absorbed into the bloodstream, 
and made available for physiological functions. 
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In this regard, animal- and plant-based foods can be considered largely 

complementary in terms of nutrients (Comerford et al., 2021). The 

nutrient bioavailability of plant-based foods is generally lower compared 

to animal-based foods (Chungchunlam & Moughan, 2023). This is due to 

the nutrients being more di@icult to access, antinutrients18 that hamper 

uptake and/or the form in which nutrients are present in the food source 

(Platel & Srinivasan, 2016). However, common processing methods 

such as soaking and cooking aid in reducing antinutrients (Dahdouh et 

al., 2019).  

b) The "meat factor” or “meat e@ect” is described as the positive e@ect of 

consuming meat on overall micronutrient absorption (Consalez et al., 

2022; Layrisse et al., 1968). Several studies have shown increased 

absorption of iron and zinc from plant sources when plant-source foods 

are consumed together with meat (Consalez et al., 2022). This e@ect has 

only been observed for di@erent meat types, i.e., red meat, poultry, and 

seafood, but not for milk and egg products. It seems like only a small 

amount is su@icient to achieve the meat e@ect, but it remains unclear 

which component in meat is responsible for the enhanced absorption 

(Consalez et al., 2022). 

c) Although it is feasible to consume a diet that is adequate in protein solely 

from plant-source foods, studies show that the RDA is not always met in 

practice (Aaslyng et al., 2023; Dietrich et al., 2022; Kristensen et al., 

2015; Mariotti & Gardner, 2019). Moreover, due to bioavailability 

di@erences between animal- and plant-based proteins, the actual 

fraction available for consumption may not be su@icient 

(Chungchunlam & Moughan, 2023; Moughan et al., 2024). In this regard, 

as the RDA is based on nitrogen balance studies combined with 

omnivorous diets, the RDA for individuals following a plant-based diet 

may actually be higher (Bartholomae & Johnston, 2023). This is also 

relevant for other nutrients, such as calcium, iron and vitamin B12, for 

which low intakes are observed in individuals following a fully plant-

based diet (Bakaloudi et al., 2021; Schüpbach et al., 2017). Among other 

 
18 Antinutrients are naturally occurring compounds found in plant and animal foods that can interfere with 
the absorption or utilization of essential nutrients by the body. 
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things, this can increase the risk of poor bone health (Menzel et al., 2021; 

Zheng et al., 2023). Studies that investigate the potential 

(environmental) benefits of shifting to plant-based diets often lack 

nutritional detail, i.e., protein quality and bioavailability of nutrients are 

not considered (Dussiot et al., 2022; Leonard & Kiely, 2024). 

d) Fortification and supplementation may be used to mitigate nutrient 

deficiencies, but the evidence of their e@icacy is not consistent 

(Malézieux et al., 2024). However, supplements may not be su@iciently 

e@ective because the food matrix is missing, their bioavailability and 

kinetics are less e@icient and the absence of bioactive compounds 

(Fardet, 2015). It is therefore important to understand the nutritional 

profile of novel alternative proteins and how these can supply essential 

nutrients, either with or without fortification.    

e) Vitamin B12 is synthesized by microorganisms, mainly in the intestines 

of humans and other animals. Since humans cannot absorb their own 

synthesized vitamin B12, it needs to be obtained from food. More 

specifically, without considering supplementation and fortification, 

animal-source foods are the main sources of vitamin B12 (Boutron-

Ruault et al., 2017; Gille & Schmid, 2015). Dried purple laver, or nori, has 

been identified as the only plant source with a considerable vitamin B12 

content (Takenaka et al., 2001; Watanabe et al., 2014). However, plant-

based foods can be fortified with vitamin B12 via microbial fermentation 

(Xie et al., 2021), or by enabling symbiotic relations between algae and 

cobalamin-producing bacteria (A. G. Smith et al., 2007). 

f) Omega-3 fatty acids play an important role in maintaining normal vision, 

brain functions, cardiac functions and blood pressure (EFSA Panel on 

Dietetic Products, Nutrition and Allergies (NDA), 2011). Naturally, they 

are found in aquatic plants that are consumed by aquatic animals and 

consequently end up in their tissue. Omega-3 fatty acids can be 

e@ectively extracted from algae for supplementation (Craddock et al., 

2017). However, consuming algae directly may not su@ice due to low 

bioavailability and content of omega-3 fatty acid (Bonfanti et al., 2018; 

USDA, n.d.), and may pose risks of iodine toxicity if consumed in large 

amounts (Aakre et al., 2021).  
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g) Novel protein foods, such as insects, mealworms, or algae, have their 

own unique nutrient profile, and a mixture of di@erent novel protein 

foods could contribute to human requirements of all the essential 

macro-and micronutrients (Parodi et al., 2018). For example, insects 

have a similar iron content to beef (Latunde-Dada et al., 2016). However, 

the bioavailability of nutrients from these food sources has not been well 

studied in humans, and safety and e@icacy need to be proven before 

they are allowed on the EU market (Ververis et al., 2020).  

h) The category of novel plant-based meat and dairy analogs encompasses 

a wide array of product types with di@erent ingredients and processing 

methods, resulting in diverse nutrient profiles (Bryngelsson et al., 2022; 

Shanmugam et al., 2023). However, in general, the fibber and sugar 

content are higher compared to their meat counterpart, while fat and 

protein content are slightly lower (Drewnowski et al., 2024; Gastaldello 

et al., 2022; Yang et al., 2023). Often, these alternatives are fortified with 

calcium, iron, iodine, B12 and/or vitamin D to resemble the nutrient 

profile of animal products. However the use and level of fortification is 

inconsistent across products, brands and countries (Lindberg et al., 

2024; Nájera Espinosa et al., 2024; ProVeg International, 2024). Although 

some cases micronutrient content may be lower than the animal 

counterpart, in other cases, some of these products can also provide 

micronutrients that are not present in the animal counterpart (e.g., soy-

milk fortified with calcium can have similar fractional absorption as milk 

(Shkembi & Huppertz, 2022). However, it remains unclear how the 

fortification of multiple nutrients in high concentrations may impact 

absorption (Swing et al., 2021).  

i) Compounds accumulate in an animal’s muscle tissue as part of their 

feed after being eaten, digested, and modified in the animal’s body. 

Therefore, cell-based meat can only achieve the same nutritional 

composition as meat produced from livestock systems when these 

nutritional compounds are added to the culture medium (Fraeye et al., 

2020). It is likely that, with the right culture medium, the nutrient content 

of cell-based meat resembles conventional meat or may even contain 

higher concentrations (Fraeye et al., 2020). However, nutritional 

assessments for cell-based meat are currently scarce.   



 50 

3.1.3. Protein foods and health outcomes 

(34) How and in which quantity (protein) foods are combined into diets on a daily basis 

predicts the increased or decreased risk for chronic diseases. However, caution is 

warranted when interpreting epidemiological studies that identify these health impacts 

because the methodology cannot prove causation. In addition, health impacts are 

di@icult to generalise for a group of foods, as not always all the foods belonging to a 

single food group will have the same (negative or positive) impact.  

a) Dietary patterns, rather than single isolated nutrients, are most relevant 

for predicting chronic disease risk (Moza@arian, 2016). The Global 

Burden of Disease study gathers data from epidemiological studies to 

define risks that impact human health (Murray, 2022). Dietary risks that 

negatively impact health include the consumption of red and processed 

meat (Afshin et al., 2019). Factors that positively impact health include 

the consumption of nuts, legumes, milk and omega-3 fatty acids from 

seafood (Afshin et al., 2019). 

b) There is discussion about the robustness of conclusions drawn from 

nutritional epidemiological studies (Qian et al., 2020). One aspect of the 

debate pertains to the methodology of these studies, with some critics 

pointing out that many of the studies are observational, which can show 

associations but cannot prove causation (Johnston et al., 2023). These 

studies are sensitive to confounding factors that hamper distinguishing 

the e@ect of lifestyle factors from dietary factors (Robinson & Jones, 

2024). This, in addition to the lack of mid- to long-term randomized 

clinical trials to provide the hard-needed evidence, seems to be the main 

reason why the debate on whether or not animal-source proteins should 

be part of the human diet at all has not been settled yet (N. D. Barnard & 

Leroy, 2020). 

c) The positive health impacts of foods or food components are easily 

taken up by the industry when marketing its products. However, health 

claims in the food industry are strictly regulated in Europe by EFSA 

(European Commission, 2024e). Claims that are authorized by EFSA 

include the contribution of seafood and meat to iron absorption and the 

need for protein, calcium and vitamin D for bone development (Food and 

Feed Information Portal Database | FIP, n.d.). Other claims, such as a 
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positive link between dairy foods and dental health, are not authorized 

(European Commission, 2024f). 

d) National Food Based Dietary Guidelines (FBDGs) provide a general 

guideline for healthy diets that are tailored to a population, i.e., including 

cultural preferences or traditional food consumption habits (EFSA Panel 

on Dietetic Products, Nutrition, and Allergies (NDA), 2010). In general, 

FBDGs provide recommendations for daily quantities of food groups, 

such as fruits and vegetables, meat or dairy, based on evidence of health 

outcomes when consuming foods that belong to these food groups. It is 

often recommended that milk or other dairy products be consumed on 

a daily basis to ascertain calcium intake. In most countries, seafood is 

recommended to be consumed twice a week to ensure the consumption 

of healthy fatty acids, while red meat is discouraged and white meat is 

favoured (Herforth et al., 2019). More recently, certain FBDGs have 

included novel meat and dairy alternatives in their guidelines to promote 

more plant-based diets (Klapp et al., 2022). 

(35) From all protein foods, the health impact of the consumption of red and processed 

meat may be the most debated. There is existing evidence from long-term perspective 

cohort studies that the consumption of red and processed meat increases the risk of 

non-communicable diseases. However, the uncertainty around these studies is 

considered high within the research community. There is, therefore, a call for more 

conclusive evidence from long-term randomised controlled trials to establish an evident 

cause-and-e@ect relationship between red meat intake and specific health outcomes. 

a) Ample evidence exists that the consumption of red and processed meat 

increases the risk of colorectal and breast cancer (Cross et al., 2010; 

Farvid et al., 2015; Wolk, 2017), heart disease, particularly 

cardiovascular disease (G.-C. Chen et al., 2013; Craig et al., 2021) and 

coronary heart disease (Al-Shaar et al., 2020), type 2 diabetes (Feskens 

et al., 2013; Kunutsor et al., 2013; Viguiliouk et al., 2015), obesity 

(Rouhani et al., 2014), chronic kidney disease (Mirmiran et al., 2020), 

and a risk of increased mortality (Etemadi et al., 2017; Pan et al., 2012; 

Sinha et al., 2009).  Red meat contains high levels of saturated fat and 

cholesterol, which have been linked to an increased risk of heart 

disease, stroke, and certain types of cancer, particularly colorectal 

cancer (Razmaitė et al., 2020). Processed meats often contain added 
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sodium, nitrates, and nitrites, which enhance flavour and shelf-life but 

impact human health negatively (Crowe et al., 2019; Lee et al., 2021). 

b) Some researchers argue that the magnitude of the risk associated with 

red and processed meat consumption might be overestimated or 

misrepresented (Händel et al., 2021; Nouri-Majd et al., 2022). The 

evidence for a link between red meat intake and certain types of cancer, 

such as prostate cancer, has been described by some as limited, with 

no definitive conclusions about a causal relationship (T. S. Allen et al., 

2022; Händel et al., 2021; Nouri-Majd et al., 2022). Above all, more 

evidence from long-term randomised clinical trials19, with factors other 

than diet kept as similar as possible, is needed (N. D. Barnard & Leroy, 

2020).  

c) Yet, numerous scholars continue to recommend dietary patterns that 

are relatively low in red and processed meats in favour of higher 

consumption of plant-based foods. This is based on cumulative 

evidence indicating the potential human health risks associated with 

these meats, i.e., a lower risk of NCDs, as well as the environmental 

benefits of their alternatives (Clark et al., 2020; Ivanovich et al., 2023; 

Springmann et al., 2018; Verkuijl et al., 2024; Willett et al., 2019).  

(36) No strong evidence suggests negative health impacts from consuming alternative 

protein foods. Consumption of milk and fermented dairy products, seafood, legumes, 

nuts and seeds is associated with positive health outcomes. Ample studies show 

positive outcomes for reduced disease risks when individuals follow a vegetarian or 

vegan diet. Still, it remains di@icult to separate these health e@ects from not consuming 

animal foods and healthy lifestyle factors.   

a) A compilation of prospective cohort studies suggests a positive impact 

of dairy intake on the risk of type 2 diabetes, coronary heart disease, and 

stroke (Soedamah-Muthu & de Goede, 2018). The main benefits seem to 

originate from the calcium and potassium content in milk and the 

probiotic bacteria in fermented dairy products. Cheese shows 

 
19 A Randomised Clinical Trial is a scientific study designed to evaluate the eXectiveness and safety of 
medical interventions, such as drugs, treatments, or behavioral changes, by randomly assigning 
participants to an intervention and a control group. Applying randomization and concealing group 
assignment for participants, researchers, or data analysts, minimizes bias through conscious or 
unconscious influence on results. 
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contradicting e@ects on health outcomes (Soedamah-Muthu & de 

Goede, 2018) while substituting butter with unsaturated fats has been 

shown to have positive e@ects on cardiovascular diseases (Lichtenstein 

et al., 2003; Liu et al., 2017). 

b) Seafood consumption is associated with a lower risk of all-cause and 

cardiovascular mortality, coronary heart disease, myocardial infarction, 

stroke, heart failure, and depression (Hellberg et al., 2012; Jayedi & 

Shab-Bidar, 2020). However, the consumption of seafood comes with 

health risks related to contamination of the flesh by toxins such as 

mercury or dioxins (Hellberg et al., 2012), which is why consumption is 

discouraged for certain population groups (i.e., pregnant and lactating 

women, infants and young children). For individuals outside these 

groups, the benefits of consuming seafood twice a week are suggested 

to outweigh those risks (Hellberg et al., 2012). 

c) Consumption of nuts, seeds and legumes has either a protective or 

neutral e@ect on chronic diseases (Fardet & Boirie, 2014).  

d) The consumption of soya-based products potentially reduces the risk 

for cardiovascular diseases, cancer, and diabetes type 2 diseases 

(Nagata, 2021; Yip et al., 2023). The health impacts of fermented versus 

unfermented soy may be di@erent, with a higher risk of stomach and/or 

digestive cancers of the former (Fardet & Boirie, 2014) but a lower risk of 

cardiovascular diseases (Nagata, 2021).  

e) Plant-based diets, such as veganism and vegetarianism, are associated 

with a favourable cardio- metabolic profile compared to an omnivorous 

diet (Benatar & Stewart, 2018). Consequently, vegetarian and vegan 

diets are linked to a reduced risk of cardiovascular disease, including 

hyperlipidemia, ischemic heart disease, hypertension, and stroke (Craig 

et al., 2021). They are also associated with lower incidences of type-2 

diabetes (Satija et al., 2016; Tonstad et al., 2009, 2013), various forms of 

cancer (Key et al., 2014; Orlich et al., 2014), and lower rates of 

overweight and obesity (Craig et al., 2021). However, many individuals 

choose to follow a vegetarian or vegan diet for health reasons and are 

therefore already more health conscious (e.g., Alewaeters et al., 2005; 

Bedford & Barr, 2005; Waldmann et al., 2003) which should be 

accounted for in observational studies.   



 54 

(37) The health impacts of novel proteins seem promising but are not yet well-studied. 

While several claims are being made, there is a lack of solid consolidation of evidence 

to back these claims Insects and algae, which have long been traditional components of 

healthy diets in various cultures, are increasingly recognized for their multiple potential 

benefits as alternative protein sources. Other alternative proteins, i.e., meat-based 

analogues, generally require a high degree of processing, which is controversial, and 

some can be considered healthier than others.  

a) Insects are promoted for their role in gastrointestinal health, antioxidant 

and anti-inflammatory properties, and potential to reduce 

cardiovascular diseases (Nowakowski et al., 2022; Stull, 2021).  

b) The consumption of algae and their extracts could be beneficial for a 

number of health markers, among which body mass index, total 

cholesterol levels, fasting blood glucose levels, and blood pressure 

(Trigo et al., 2023; C. Wang et al., 2024). In addition, certain algae 

extracts are suggested to have anti-cancer properties (Lordan et al., 

2011). However, the lack of randomized controlled trials implies careful 

interpretation of the existing evidence (Trigo et al., 2023). For pregnant 

women, however, consumption of algae is discouraged by some health 

agencies based on the high iodine content (e.g., Swedish Food Agency, 

2021). 

c) Novel plant- and fungi-based meat proteins, derived from textured 

vegetable protein, are often promoted as healthier compared to their 

animal-based counterparts, mainly based on the devoid of health risks 

associated with meat (Sexton et al., 2019). A recent systematic review 

found that consuming plant- and fungi-based meat alternatives is 

associated with positive health outcomes, including weight 

maintenance, improved gut health, muscle synthesis, lower glycemic 

markers, and reduced risk factors for cardiovascular diseases (Nájera 

Espinosa et al., 2024). Novel plant-based drinks showed a glycemic 

response similar to milk but were associated with micronutrient 

deficiencies (Nájera Espinosa et al., 2024). Some concerns arise from 

the degree of processing that these meat analogues require (Toh et al., 

2022; Wickramasinghe et al., 2021). However, this discussion is 

complicated by poor categorization of these products: while some have 

a nutrient profile that would result in positive health impacts (e.g., high 
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in fibber, low in saturated fat), others are high in sodium, saturated fat 

and free sugars with negative implications for health (Gesng et al., 2021; 

Monteiro et al., 2019; Nájera Espinosa et al., 2024).   

d) Studies suggest that vegetarian and vegan diets are associated with a 

higher intake of ultra-processed foods (Gehring et al., 2021), while the 

health benefits of plant-based diets observed in epidemiological studies 

mainly come from the increased consumption of whole foods. From a 

health perspective, it can be argued that promoting meat and dairy 

replacers to support the shift to more plant-based diets may be 

undesirable (Santo et al., 2020). However, there is no convincing 

evidence that novel plant and fungi based meat alternatives are 

associated with negative health outcomes (Cordova et al., 2023) 

e) Because cell-based meat is produced in controlled environments, the 

nutritional content can be adjusted to hypothetically reduce the risk for 

chronic diseases (e.g., replacing saturated with unsaturated fat or 

reducing cholesterol content) (Chriki & Hocquette, 2020). However, the 

highest health benefits are suggested to come from lower exposure to 

contamination and antibiotics that occur in traditionally produced meat 

(Post et al., 2020). Furthermore, no nutritional data are available, and 

there is no definitive proof that it can produce safe, healthy, and flavorful 

products (Chriki et al., 2022). 

3.1.4. Food safety 

(38) Animal-based food production is associated with the emergence of zoonotic 

diseases20 and antimicrobial resistance21, driven by factors like intensive farming, 

habitat destruction, and antibiotic overuse. While plant-based and novel proteins 

generally present lower risks, contamination through polluted water or improper 

handling can still introduce antimicrobial-resistant bacteria. Additionally, using insects 

 
20 Zoonotic diseases are infections that spread from animals to humans. These diseases can be caused by 
bacteria, viruses, fungi, or parasites and can be transmitted through direct contact with animals, 
contaminated food or water, insect bites, or the environment. 
21 Antimicrobial resistance (AMR) occurs when microorganisms (bacteria, viruses, fungi, and parasites) 
evolve to resist the eXects of drugs that were once eXective against them. This makes infections harder to 
treat, increasing the risk of disease spread, severe illness, and death. 
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as a protein source poses potential public health risks, as they can carry zoonotic 

diseases and antibiotic-resistant bacteria. 

a) Factors such as intensive farming practices, habitat destruction, high 

livestock densities, wildlife hunting and the overuse of antibiotics in 

livestock and aquaculture drive the emergence of zoonotic diseases and 

antimicrobial resistance (Dafale et al., 2020; Malila et al., 2024b; 

Shepon et al., 2023). The occurrence of zoonoses poses significant 

threats to public health and global food security if not managed 

appropriately (Murray et al., 2022). In addition, (over)use of antibiotics in 

the livestock sector can ultimately make it di@icult to treat infections in 

humans as resistant bacteria can transfer from animals to humans, and 

antibiotic residues can be present in animal-source foods (Van Boeckel 

et al., 2015). Food can also become contaminated during processing, 

post-processing, and through improper handling by consumers (Verraes 

et al., 2013). 

b) Diets with higher rates of plant-based or novel proteins are typically 

considered to lower or minimize the risk of zoonotic diseases and 

antimicrobial resistance since they do not rely on antibiotics for 

production (Shepon et al., 2023). However, if plant material — often the 

raw ingredient for some novel proteins — is not carefully managed, it 

may become contaminated with antimicrobial-resistant bacteria due to 

polluted irrigation water containing animal or human waste (Verraes et 

al., 2013). Yet, this contamination stems from the broader impacts of 

animal farming and improper management of human waste, which can 

pollute irrigation water (Erickson & Doyle, 2012). 

c) In the case of terrestrial invertebrates, edible insects, in particular, pose 

significant public health concerns if they were to become a large protein 

source. This is because insects are vectors for various zoonotic diseases 

(e.g., parasitic infections, bacterial and virus pathogens) (Belluco et al., 

2015; Bertola & Mutinelli, 2021; Gałęcki & Sokół, 2019; Gwenzi et al., 

2021). Some studies have identified various antibiotic-resistant bacteria 

in edible insects, potentially increasing the risk of antimicrobial 

resistance (Gwenzi et al., 2021; Osimani et al., 2018). 

d) The rates of zoonoses and foodborne diseases in Europe are relatively 

low compared to low-income countries, due to stringent regulations, 
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strong healthcare systems, and improved hygiene standards. However, 

due to the globalisation of agriculture, the emergence and spread of 

diseases becomes a growing concern (van der Giessen et al., 2004). 

Zoonoses and food-borne diseases are monitored via Council Directive 

2003/99/EC. Based on monitoring and surveillance data, EFSA 

publishes a yearly summary of the occurrence of zoonoses, zoonotic 

agents and food-borne outbreaks in Europe. In 2023, Campylobacter 

was the most commonly reported zoonose, with 148181 confirmed 

human cases across 14 member states (EFSA & ECDE, 2024). For food-

borne diseases, 9210 cases of Salmonellosis were reported in 2023 

(EFSA & ECDE, 2024). 

 

3.2. Environment  

Environmental impacts are understood here using an indicator-based approach, aligning with the 

paradigm that environmental sustainability can be (partially) understood and measured through 

tools such as the Environmental Footprint (EF) and Life Cycle Assessment (LCA), thus aligning 

with a more (post-)positivist ontology22. While this approach discretely bounds and allows for 

quantitative evaluation of environmental impacts across dimensions, it contrasts with 

worldviews and paradigms centring the social constructivist nature of social-ecological systems, 

as well as understandings of realities as circular, continuums, and encompassing the more-than-

human (Sakellariou, 2018; Tukker, 2000; Turnhout et al., 2014). 

This section begins by addressing key methodological considerations, particularly focusing on 

LCA. It then delves into general environmental aspects, followed by a comparison of animal-

based and alternative proteins across various environmental dimensions, including global 

warming, nitrogen cycling, resource use (energy, land, and water), and biodiversity. 

 
22 Positivism is a philosophical approach that asserts that valid knowledge is derived from objective, 
empirical observation and the scientific method, emphasizing measurable, observable phenomena and 
universal laws. In contrast, post-positivism acknowledges the limitations of objectivity, recognizing that all 
observations are influenced by human perspectives and biases. While still valuing empirical research, post-
positivism emphasizes critical reflection, the provisional nature of knowledge, and the importance of 
integrating multiple perspectives to understand complex realities. 
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3.2.1. Methodological considerations  

(39) To make things measurable, problems and tools must be structured so that 

information can be categorised, quantified, and standardised using indicators, metrics, 

and monitoring systems, enabling consistent comparisons and evaluations (Turnhout et 

al., 2014). This process inherently prioritises aspects that are easier to measure, 

potentially overlooking complex or qualitative dimensions, which can limit the scope of 

understanding and the comprehensiveness of assessments (Resare Sahlin, 2024). The 

impact categories often used are those with established impact assessment methods, 

such as global warming impact, water use, land use, eutrophication and acidification, 

and biodiversity to a certain extent. These environmental indicators will be discussed in 

the following sections.  

(40) Most studies that compare the environmental impacts of foods (and proteins) use 

LCA. LCA is a systematic method for evaluating the environmental impacts associated 

with a product, process, or service throughout its life cycle, based on harmonised 

guidelines. Modelling choices, e.g., the systems boundary or the way impacts are 

allocated, can result in di@erent impact values. LCA also presents several challenges, 

some of which are more generally related to robust assessments of food products and 

diets, that are relevant to consider when using LCA data.  

a) LCA is a valuable tool for evaluating the environmental impact of a 

product, process, or service throughout its entire life cycle—from raw 

material extraction to production, use, and disposal (Cardinaals et al., 

2024; Thoma et al., 2022). One of its strengths lies in its ability to provide 

a comprehensive and holistic understanding of environmental impacts 

across multiple dimensions (Finnveden & Potting, 2014). By 

standardising assessments, LCAs enable comparability between 

products, processes, and services, making them a robust decision-

support tool. Moreover, they help identify hotspots of environmental 

impact, enabling targeted improvements (Pryshlakivsky & Searcy, 2021).  

b) Most LCA studies on food focus on single products, assessing specific 

environmental aspects like greenhouse gas emissions, water use, and 

land use. Thus, by nature, they do not account for the broader systemic 

implications of dietary changes on agricultural systems (Statement 
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(41)). Consequential LCA23 approaches attempt to address these 

limitations by incorporating changes in demand and indirect land use 

but still fall short of considering aspects such as co-product inclusion 

(Thomassen et al., 2008).  

c) The outcomes of LCA studies are highly influenced by methodological 

choices, such as system boundaries and impact allocation, which can 

a@ect the comparability and interpretation of results. Therefore, 

interpreting LCA results requires caution due to variability in 

methodologies, data quality, and context (Henriksson et al., 2021; 

Ziegler et al., 2022).  

d) The lack of publicly available data for some novel proteins, such as 

cultured meat, presents a significant challenge for comparing di@erent 

products (Freidberg, 2015; Gheewala et al., 2020; Parodi et al., 2018). 

This can be attributed to two main factors: first, the technologies and 

production processes are new and have not been scaled up to a level 

that would yield reliable LCA results (N. Stephens et al., 2018), and 

secondly, companies’ strategies to protect their intellectual property 

rights result in a reluctance to disclose their data (Guthman & Bilteko@, 

2021). 

e) LCA also face challenges in addressing biogenic carbon stock changes 

and their climate impacts, such as carbon dynamics in grazing systems 

or fisheries’ e@ects on carbon storage (Sala et al., 2021). Ongoing 

methods are being developed to include impacts for climate impacts 

from changes in biogenic carbon stocks, such as carbon dynamics in 

grazing systems (Sevenster et al., 2020) and the e@ects of bottom trawl 

fisheries on carbon storage and sequestration (Muñoz et al., 2023). 

However, many knowledge gaps remain, particularly regarding the 

impacts of fisheries (Epstein et al., 2022; Tiano et al., 2024). 

f) While LCA studies often compare the environmental impacts of animal-

based foods with plant-based or novel food based on mass, protein or 

calorie content (so-called functional units), these studies often overlook 

 
23 Consequential Life Cycle Assessment (LCA) is an LCA approach that evaluates the environmental 
consequences of changes in a system or decisions, such as increased production, new technologies, or 
policy changes. It thereby accounts for the broader, indirect impacts that result from these changes, in 
addition to the direct eXects within the system boundaries. 
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di@erences in protein quality, amino acid profiles, nutrient density and 

other functional aspects that impact human nutrition and health 

outcomes (Statements (31), (32), (33) and (37)) (Clark & Tilman, 2017; 

Poore & Nemecek, 2018). To further support the shift towards alternative 

protein sources, a Nutritional Life Cycle Assessment (nLCA) can provide 

guidance by evaluating both the nutritional and environmental impact of 

foods (McLaren et al., 2021). Most commonly, nLCAs apply a functional 

unit that accounts for the nutrient content of the food in scope, e.g., by 

expressing the environmental impact per 100 kilocalories or 100 grams 

of protein. To date, nLCAs have largely underutilized the assessment of 

disease risks associated with under- or overconsuming certain 

nutrients, foods, or food groups (Cardinaals et al., 2024). 

(41) Modelling approaches can play a crucial role in understanding and designing 

strategies for the protein transition, and the impacts these strategies would have on food 

systems in the broadest sense. However, caution is warranted as food system-level 

models can easily become complex and di@icult to interpret. 

a) System Dynamic Models are able to explore complex agroecological 

systems (Walters et al., 2016). For example, in food systems, it can be 

explored how dietary shifts, particularly reductions in animal protein 

consumption, impact environmental sustainability, land use, 

greenhouse gas (GHG) emissions, and food system resilience (Simon et 

al., 2024). Among the many studies available, examples of how 

modelling has contributed to the state of knowledge include how 

reduced animal protein consumption and diversified landscapes can 

restore biodiversity, cut GHG emissions by 40%, and sustain Europe’s 

nutritional needs by 2050 (Poux & Aubert, 2018) or evaluating diverse 

dietary scenarios, showing that plant-based and artificial protein 

(corresponding here to in-vitro produced meat and dairy) diets can cut 

land use by 86% and emissions by 90%, and emphasising the potential 

for a@orestation to enhance carbon sequestration.  

b) Unlike LCAs (Statement (40)a)), which focus on the environmental 

footprint of individual products, services or processes, System Dynamic 

Models evaluate interconnected elements such as changes in 

agricultural land allocation, resource distribution, food security, and 

scalability of alternative protein sources. However, due to the 
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complexity of the food system, these models can have such high data 

requirements that questionable assumptions may be required, 

ultimately generating results with a high degree of uncertainty 

(Refsgaard et al., 2007). 

c) Although LCA data can theoretically also be included in dynamic 

models, this is controversial as the environmental impact values are 

dependent on characteristics of the food system (e.g., fertilization 

methods, animal stocking density or cropping practices) and thereby 

also dynamic (Berardy et al., 2020), in addition to having a temporal 

component (Laratte et al., 2014). By endogenously calculating impacts 

within dynamic models, interactions among system components and 

how they change environmental impacts can be accounted for (e.g., 

García-Gusano et al., 2016; Stehfest et al., 2014; Zhao et al., 2021).  

Thereby, studies applying such models can complement LCA in 

understanding and designing strategies for the protein transition at the 

food system level and evaluating the impacts di@erent strategies or 

interventions would have on food systems in the broadest sense. 

d) One of the pioneering e@orts to model the impacts of a protein transition 

was conducted by Solagro24, under the framework of IDDRI (Institute for 

Sustainable Development and International Relations) (Couturier et al., 

2016). The Afterrees2050 scenario25 explicitly considered a reduction 

in animal protein intake as a significant shift in dietary practices and 

explored its broader e@ects on agricultural and environmental systems 

(e.g., looking at the impacts in terms of GHG emissions and resource 

use). 

3.2.2. Overall environmental comparison 

(42) Plant-source and novel foods generally have lower environmental impacts– i.e., 

GHG emissions, land degradation, acidification, eutrophication, biodiversity loss - 

compared to terrestrial animal-source foods, which are associated with ine@icient 

 
24 Solagro is a research organization focusing on energy, climate, agroecological and food transitions 
(www.solagro.org).   
25 The Afterres2050 scenario, developed by Solagro, is a forward-looking plan for agriculture and food 
systems in France, aiming for sustainability by 2050. The first version was released in 2011 and has since 
been updated to reflect new insights and data. (https://afterres2050.solagro.org/decouvrir/scenario/) 

http://www.solagro.org/
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resource use, methane emissions, nitrous oxide from manure, and deforestation. Foods 

from aquaculture and wild fisheries tend to have impacts that fall in between those from 

plant-source and terrestrial anima-source, although there is high variability among 

di@erent types of seafood.  

a) Plant-based and novel proteins are generally associated with lower 

environmental impacts than terrestrial animal-based protein sources 

(Clark et al., 2022; Liao et al., 2020; Nájera Espinosa et al., 2024; Poore 

& Nemecek, 2018; Smetana et al., 2015). The environmental impacts of 

seafoods are more variable and less studied (Gephart et al., 2021; Koehn 

et al., 2022). Novel alternatives like cultured meat and mycoprotein, 

while promising, introduce additional concerns, particularly their high 

energy consumption (Sinke et al., 2023; Smetana et al., 2015; N. 

Stephens et al., 2018). The higher environmental impact of animal-

based foods stems largely from the ine@iciency of converting plant 

protein (animal feed) into animal protein (Statement (50)), methane 

emissions from ruminants, nitrous oxide from manure management, 

and deforestation driven by feed crop cultivation and grazing 

(Statements (43) and (50)) (Gerber et al., 2013; Searchinger et al., 2021; 

Steinfeld et al., 2006). In contrast, aquaculture and wild-capture 

fisheries have lower overall environmental impacts, with aquaculture 

primarily contributing to eutrophication and wild fisheries impacted by 

fuel use (Bohnes et al., 2019; Parker et al., 2018). Still, some 

environmental impacts of seafood (e.g., wild-caught small pelagic fish, 

farmed carp and bivalves) are equivalent to some plant-based foods 

(Koehn et al., 2022). However, this does not account for biodiversity loss 

and damage to ecosystems (Statement (53)(55)). 

b) Because the environmental impacts of food products depend on how 

food is produced, they cannot be generalised, i.e., not all tomatoes are 

responsible for the same kilogram CO2-equivalent (M. de Vries et al., 

2015; Riera et al., 2023). The variability of values within one product 

group depends on the environmental indicator studied. Still, it seems 

largest for terrestrial as well as aquatic animal foods and lower for plant-

based foods (Poore & Nemecek, 2018) (Statement (43)e)). Therefore, 

generalisation of environmental impacts across animal-based foods is 
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often criticised (e.g., Meier et al., 2015; Ridoutt et al., 2012) but at best 

addressed by incorporating uncertainty analyses (Lloyd & Ries, 2007). 

3.2.3. Global warming 

(43) Global Warming Potential (GWP) is the most widely used indicator to assess the 

climate impacts of greenhouse gases. Consequently, estimations of GWP (or GHG 

emissions) are more widely available compared to other environmental impact 

indicators.  GWP has limitations in capturing the e@ects of short-lived pollutants like 

methane, which is why GWP*, a more dynamic method that considers emission rate 

changes and cumulative e@ects, has been introduced. Debates on the application of 

GWP* and equity implications remain unresolved. 

a) Climate impact is often assessed using Global Warming Potential 

(GWP), which reflects the capacity of total GHGs to trap heat in Earth’s 

atmosphere (Lynch, 2019). GWP relates the climate impact of various 

gases to that of CO2 over a selected time period, often 100 years 

(GWP100). To achieve a “CO2-equivalent” value for GWP, carbon dioxide 

(CO2), methane (CH4), and nitrous oxide (N2O) are multiplied by 1, 28 and 

265, respectively. However, these values are updated in IPCC 

Assessment Reports26 and can therefore di@er between studies.  

b) GWP has been contested for not accurately estimating the cumulative 

e@ect of short-lived flow gases. These gases do not accumulate over 

time but instead their concentration remains stagnant as they are 

destroyed at the same rate of emission (Mitloehner et al., 2020). 

Alternatives have been developed, among which is GWP* (del Prado et 

al., 2023). However, this metric may be used to the advantage of sectors 

with high CH4 emissions, such as ruminant production (Cusworth et al., 

2023). IPCC also states that “potential application in wider climate 

policy (e.g., to inform equitable and ambitious emission targets or to 

support sector-specific mitigation policies) is contested and relevant 

literature still limited.” (Pathak et al., 2022). The production of terrestrial 

animal foods is a significant driver of global warming due to the emission 

of GHG, mainly CO2, CH4, and N2O. Primary sources of these GHG 

include enteric fermentation (CH4), manure management (N2O), 

 
26 https://www.ipcc.ch/reports/ 
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fertiliser manufacturing and application (CO2 and N2O), energy use in 

stables and for feed production and processing (CO2), and land 

conversion for grazing or feed cultivation (CO2). The types and amounts 

of GHG emissions are highly variable depending on production systems, 

animal types, and geographic contexts. Grazing systems may provide 

climate benefits through carbon sequestration under specific 

conditions.  

c) Estimates on the contribution of the livestock sector (Box 1) to total 

global GHG emissions vary depending on, for example, the inclusion of 

emissions from feed production in cropland and grazing land or supply 

chain coverage. Livestock has been estimated to account for 12 percent, 

representing 6.2 gigatonnes of CO2 eq, of the world’s total GHG 

emissions (GLEAM v3, 2023). In another study, GHG emissions from the 

livestock sector are estimated to be approximately 10 gigatonnes, or 20 

percent of total global greenhouse gas emissions (Xu et al., 2021). These 

discrepancies highlight how variations in system boundaries and 

assumptions can significantly influence reported estimates. Estimates 

for EU27 show around 500 million tonnes of CO2 eq are emitted by 

livestock (approximately 8.2 percent of the global 6.2 gigatonnes), with 

ruminants contributing 70 percent and monogastric animals 30 percent 

of these emissions (GLEAM v3, 2023). 

d) GHG emissions from fisheries are almost exclusively driven by the use 

of fossil fuels, contributing to only 4% of emissions from global food 

production in 2011 but increasing over recent years (Parker et al., 2018). 

Global emissions from aquaculture are driven mainly by feed production 

and, to an unknown extent, by biogenic emissions27 from di@erent 

aquatic farming systems. GHG emissions from aquaculture have been 

suggested to be in the same magnitude as GHG emissions from global 

sheep production, i.e., 0.49% of total anthropogenic emissions in 2017 

(MacLeod et al., 2020). However, the GHG emissions estimate for 

aquaculture is highly uncertain and does not include potential methane 

emissions (Rosentreter et al., 2021). 

 
27 Biogenic emissions are gases and particles released into the atmosphere from natural biological 
processes in living organisms and ecosystems. 
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e) The hotspots of GHG emissions vary along the production chain for 

di@erent animals (e.g., pigs vs cows) and production systems (e.g., grain-

fed vs grass-fed) (M. de Vries et al., 2015; Poore & Nemecek, 2018). Pigs 

and poultry have larger shares of feed-related emissions, while 

ruminants’ major share is methane from enteric fermentation28 (Cheng 

et al., 2022). For aquatic animals, general di@erences arise from fed or 

non-fed aquaculture practices as feed demand and composition drive 

higher GHG emissions or from the di@erent fuel use intensities behind 

di@erent targeted species and fishing gear for fisheries (Gephart et al., 

2021). Further, for aquatic animal production, the potential contribution 

of biogenic emissions from ponds (e.g., Dong et al., 2023; Fang et al., 

2022; Hu et al., 2012) and carbon cycle e@ects from seafloor 

disturbance by bottom trawl fisheries (e.g., Epstein et al., 2022; Erhard 

et al., 2024; Sala et al., 2021) have been under intensive investigation in 

recent years. 

f) GHG emissions per 100 grams of protein at the retail gate are estimated 

to be an average of 50 for beef (beef herd), 17 for beef (dairy herd), 11 for 

cheese, 9.5 for milk, 5.7 for poultry meat, 4.2 for eggs, 6.0 for farmed fish 

and 18 for crustaceans (Poore & Nemecek, 2018). These figures 

represent an average across di@erent production system types, each of 

which perform di@erently within a given animal category (M. de Vries et 

al., 2015) (Statement (42)b) and 43g) and 43h)) . 

g) Emissions vary between and within animal-based protein categories 

due to the substantial diversity inherent in animal production systems 

(Jordon et al., 2024; Riera et al., 2023). For terrestrial production 

systems, the diversity encompasses a range of factors, such as housing 

conditions and feeding practices (Krystallis et al., 2009; Riera et al., 

2023; Shalloo et al., 2018). For example, grass-fed livestock systems are 

generally associated with increased NH4 emissions and require more 

overall land use than grain-fed systems, though they need less cropland 

 
28 The natural digestive process that occurs in the stomachs of ruminant animals—such as cows, sheep, 
and goats—where microbes break down and ferment food in the rumen (a specialized stomach chamber). 
This microbial fermentation produces methane (CH₄) as a by-product, which the animal then releases 
primarily through belching. 
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(Jordon et al., 2024). Conversely, N2O and CO2 emissions tend to be 

higher in systems where livestock are grain-fed (Jordon et al., 2024).  

h) For grazing-based livestock production, it is sometimes claimed that a 

net benefit for climate change can be obtained through carbon 

sequestration by grasslands but this is highly contingent on contexts 

(Conant et al., 2017; B. B. Henderson et al., 2015; Jordon et al., 2024). 

The potential of grasslands to function as carbon reservoirs depends on 

the existing soil organic carbon (SOC) level. This carbon stock can be 

increased by sequestration, which removes CO2 from the atmosphere. 

However, this is o@set by carbon losses through leaching, microbial 

respiration, and other soil processes (Rui et al., 2016). The balance of 

SOC additions and losses determines whether grasslands store or 

release carbon. Moreover, grazing-based livestock production systems 

can contribute to biodiversity preservation (Statement (54)). Yet, 

grasslands represent significant carbon stocks. If these grasslands were 

to disappear due to land-use changes, the carbon stored within them 

would be released into the atmosphere, contributing to increased GHG 

emissions (O@ermanns et al., 2023).  

(44) GHG emissions from plant-based and novel protein alternatives primarily arise 

from crop production (e.g., N₂O, CH₄, and CO₂ emissions) and energy-intensive 

processing, with the climate impact varying based on the type of crop, processing 

e@iciency, and energy source, where minimally processed plant-based proteins have a 

lower impact compared to highly processed or emerging protein technologies like 

cultured meat. 

a) GHG emissions from producing plant-based alternatives occur mainly 

in cropping and processing (Shahid et al., 2024). GHG emissions during 

cropping are mainly in the form of N2O and CH4 emissions from soil and 

CO2 emissions from fuel use in fieldwork, as well as from the production 

of inputs such as mineral fertilizers. Post-harvest processing steps use 

energy that contributes to GHG emissions (depending on energy type) 

and other ingredients or chemicals that are also associated with GHG 

emissions (Shahid et al., 2024). The climate impact of plant-based 

alternatives, therefore, depends on factors like the type of crop used, 

how e@iciently the crop is converted into the product (i.e., how much of 
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the crop is needed per unit of product), and the amount and type of 

energy used in processing (Järviö et al., 2021).  

b) GHG emissions per 100 grams of protein at the retail gate are estimated 

to be 0.8 kg CO2 eq for peas, 1.4 kg CO2 eq for other pulses, and 2.6 kg 

CO2 eq for tofu (Poore & Nemecek, 2018). In a recent review, a climate 

impact for novel plant-based alternatives (based on soy, pea, lupin, and 

buckwheat) was estimated to be 0.4-1.2 kg CO2 eq per 100 g protein at 

the factory gate (Shanmugam et al., 2023). Protein sources with a lower 

degree of processing, such as beans and lentils, usually have a lower 

climate impact than the novel plant-based alternatives (per kg product) 

(Potter et al., 2020; Springmann, 2024).  

c) Few studies have examined the climate impact of other novel proteins, 

such as cultured meat or mycoprotein, but these proteins tend to have a 

lower climate impact than animal-based proteins. However, LCA studies 

on emerging technologies are generally associated with high uncertainty 

as it is unknown how this technology will be performed when up-scaled 

(Springmann, 2024). As an indication, the estimated impact of cultured 

meat is somewhere between 5 and 25 kg CO2 eq per kg, depending on 

factors like energy source and growth medium (Tuomisto et al., 2022a) 

and the estimated impact of mycoprotein between 5 and 6 kg CO2eq per 

kg (Smetana et al., 2015) or 3 kg CO2eq per kg when produced from 

agricultural resides (Upcraft et al., 2021). For mycoprotein and cultured 

meat, the energy needed in the production process plays a big role in the 

product’s total climate impact (Järviö et al., 2021; Tuomisto et al., 

2022b). 

3.2.4. Nitrogen cycles  

(45) Agricultural systems are dependent on the supply of crop nutrients, most notably 

nitrogen, phosphorus, and potassium. Nitrogen is specifically important in producing 

protein foods as it is a fundamental component of amino acids which are the building 

blocks of proteins. Animals have a key role in the nitrogen cycle by recycling nitrogen 

from plants into food products and manure and returning it to the system. Because 

animal production systems can have low nitrogen e@iciency, re-coupling animal- and 

plant-production systems such that manure can be used as fertiliser is suggested as a 

way to enhance the environmental sustainability of food production. 
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a) Nitrogen is a nutrient for crops, from which they synthesise protein and 

other organic N compounds (Barbieri et al., 2021). Nitrogen is cycled in 

the agri-food system: from uptake by the plant, consumption by animals 

or humans, excretion of manure or human excreta and food waste, back 

to the soil and atmosphere (TABLE Debates, 2024). The plant can take up 

nitrogen through biological N fixation29, atmospheric deposition30, 

and application of nitrogen to the soil. In the agri-food system, nitrogen 

can be present in a range of organic and inorganic forms, i.e., dinitrogen 

(N2), ammonia (NH3), ammonium (NH4), nitrate (NO3
−), nitrogen oxides 

(NO and NO2, collectively NO×), and nitrous oxide (N2O) (Näsholm et al., 

2009). 

b) Without animals as recyclers of nitrogen, soil management has to 

change considerably, as animals directly contribute to soil fertility 

through manure production (Chang et al., 2021; Gu, 2022). Green 

manures are used by some farmers as an alternative to animal manure 

(Nygaard Sorensen & Thorup-Kristensen, 2011). Green manure crops are 

not harvested for food or other purposes; instead, they are ploughed 

under or left on the soil surface to decompose, enriching the soil 

naturally (Fageria, 2007).  

c) Nitrogen Use E@iciency (NUE) is a measure of how e@ectively supplied 

or applied nitrogen can be converted into a product. Compared to plant 

production systems, animal production systems have low NUE 

(Oenema & Tamminga, 2005). This is because only part of the nitrogen 

consumed by livestock is retained in meat, milk, or eggs, while the 

majority is excreted into the environment through faeces and urine 

(Gerber et al., 2014; Godfray et al., 2018). However, in indoor production 

systems, these excretions are often collected and used. Some authors 

calculate that (re)coupling cropping and livestock systems can enhance 

 
29 Biological nitrogen fixation is the process by which atmospheric nitrogen gas (N₂), which is inert and 
unusable by most living organisms, is converted into ammonia (NH₃) or related nitrogenous compounds by 
specific microorganisms. These compounds are then accessible for use by plants and other organisms in 
the ecosystem. 
30 Nitrogen atmospheric deposition is the process by which nitrogen compounds in the atmosphere are 
deposited onto Earth's surface, including soil, water, and vegetation. These compounds come from natural 
sources (e.g., wildfires) as well as human activities (e.g., emissions from the combustion of fossil fuels), 
and their deposition plays a key role in the nitrogen cycle. 
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NUE as manure can be used by crops for fertilisation . Nevertheless, in 

livestock-intensive regions, the amount of manure produced often 

exceeds the fertilization requirements of crops, limiting its e@ective use 

and contributing to environmental challenges such as eutrophication 

(Statement (47)) (van Selm et al., 2023). 

(46) The global nitrogen cycle has been significantly altered by the use of synthetic 

nitrogen fertilisers and the international trade of agricultural products, resulting in 

regional imbalances. 

a) The use of synthetic nitrogen fertilisers has partly replaced the role of 

animal manure in cropping systems and thereby decoupled animal 

manure from nitrogen cycles (Le Noë et al., 2017; J. Wang et al., 2018). 

This shift away from manure has allowed geographical specialisation, 

resulting in nitrogen surpluses in regions with high livestock densities 

due to excess manure. Conversely, areas supplying animal feed often 

face nitrogen (and phosphorus) deficits, necessitating external fertilizer 

inputs to compensate for nutrient exports (Le Noë et al., 2017; 

Papangelou & Mathijs, 2021; H. Wang et al., 2018). 

b) The international trade of food and feed has grown substantially since 

the 1950s, representing significant nitrogen flows embedded in crops for 

feed and food or animal-based protein within and between continents 

(Lassaletta et al., 2014, 2016; J. Wang et al., 2018). Trade of nitrogen in 

agricultural products among major regions has increased from 1.6 to 

12.1 billion kilograms annually between 1961 and 2009 (Lassaletta et al., 

2016). Animal feed, particularly soybean and maise, accounts for 

approximately 60% of traded nitrogen. North and South American 

countries produce significant amounts of nitrogen (and other nutrients) 

in the form of soy crops for livestock feed in other regions of the world 

(Billen et al., 2014, p. 201; Karlsson et al., 2021). 

(47) Excessive nitrogen application causes surpluses that can lead to eutrophication, 

soil and atmospheric acidification, significantly impacting aquatic and terrestrial 

ecosystems, human health, and climate change. These environmental issues are even 

more problematic in regions with high livestock densities and for aquaculture whose 

practices depend on feed crops. 

a) When more nitrogen is applied than can be taken up by the soil or plant, 

a nitrogen surplus occurs, which can cause nitrogen to run o@ into water 
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bodies, leading to eutrophication31 (Chislock et al., 2013). In addition, a 

surplus of nitrogen can cause acidification32 of soils, oceans and 

atmosphere, which also disrupts ecosystems and has potential negative 

health e@ects for humans (W. de Vries, 2021; Rice & Herman, 2012). 

b) Regions with high livestock densities often face such localized 

environmental problems from nitrogen surplus, i.e., water, air, and soil 

pollution (McAllister & Topp, 2012), primarily due to the alteration of 

nutrient cycles. In addition to the cascading e@ects locally, these issues 

play a significant role in exacerbating climate change globally (Buckwell 

& Nadeu, 2018) or can have large-scale polluting e@ects, such as the 

eutrophication of the Baltic Sea (European Court of Auditors, 2020). 

c) Soil contamination is another adverse e@ect of high livestock 

concentrations, marked by the accumulation of heavy metals (H. Wang 

et al., 2018). These metals can originate from various sources, such as 

animal feed, water, supplements, and veterinary medicines. Common 

heavy metals found in livestock waste include arsenic, cadmium, lead, 

mercury, and copper (Nicholson et al., 2003). 

d) Eutrophication pressures from aquaculture that require feed are closely 

tied to those of livestock, as many of the crop ingredients used, such as 

soy and wheat, are the same. This means that aquaculture relying on 

feed shares similar production pressures associated with feed crop 

cultivation. However, in the case of farmed aquatic animals, the main 

driver of eutrophication is the application of feed, as it is often used in 

watersheds where aquaculture operations are located (Bohnes et al., 

2019). In contrast, aquaculture practices that do not require feed inputs, 

such as mussel farming, actively remove nutrients from the water, 

contributing to nutrient balance and reducing eutrophication risks. 

(48) A shift from animal-based proteins towards plant-based, novel plant-based and 

fungi-based proteins reduces nitrogen use in agriculture (Billen et al., 2015; Springmann 

et al., 2018), lowering the risks of mineral fertilizer-related emissions and environmental 

 
31 Eutrophication is the process by which aquatic ecosystems become overly enriched with nutrients, 
leading to excessive growth of algae and other aquatic plants, ultimately harming water quality, aquatic life 
and overall biodiversity 
32 Nitrogen acidification is the process by which nitrogen compounds, such as ammonia (NH₃) and nitrogen 
oxides (NOₓ), lead to increased acidity in soils, water bodies, and the atmosphere. 
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nitrogen losses. In the case of other novel proteins, such as edible insects and 

microalgae, cultivation can use agricultural by-products to enhance nitrogen use 

e@iciency by converting organic residues into human-edible protein (Siddiqui et al., 

2023).  

(49) Many crops used to produce plant-based foods, such as soybeans, peas, and 

lentils play an important role in agriculture due to their capacity to fixate nitrogen from 

the air. These crops, also known as legumes, reduce the need for nitrogen fertilization in 

the succeeding crop within the rotation and improve soil health due to their capacity to 

fix atmospheric nitrogen through symbiotic relationships with bacteria, reducing the 

need for synthetic fertilisers (Guo et al., 2022; Jangir et al., 2022). However, legume crops 

are not commonly integrated into European cropping systems due to their lack of 

attractiveness for farmers (Statement (9)), and potentially exacerbate nitrogen leaching 

when there is already su@icient, or an excess of, nitrogen in the system (Tripolskaja et 

al., 2023).  

3.2.5. Land and water use 

(50) Monogastric animals and farmed aquatic species compete directly with humans 

for cropland to produce feed including grains, legumes, and fish. Ruminants, on the 

other hand, can be raised solely on non-competitive feed sources like grass but this 

would make them less productive compared to when high-quality grains are 

incorporated in their feed ration. Converting by-products into food using technologies 

like fermentation or edible insects can spare land and water compared to livestock 

production. Aquatic animal farming generally uses less land than monogastric 

production, but capture fisheries rely on finite natural resources and require rebuilding 

depleted seafood stocks to increase production. 

a) Land use varies between monogastric and ruminants (Box 1) mainly due 

to their distinct feeding habits and digestive systems. Monogastric 

animals, such as pigs and poultry, have a single-chambered stomach, 

while ruminant animals, like cows, sheep, goats, and fish, have a more 

complex digestive system with a four-chambered stomach.   

b) Monogastric animals and some farmed aquatic animals compete 

directly with humans for food resources, as they rely on grains, legumes, 

and fish from capture fisheries as feed—all of which are also suitable for 

human consumption, creating a direct competition between food and 

feed use (Chary et al., 2024; Troell et al., 2014). While shifting 
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monogastric diets to non-edible feed sources (e.g., by-products) could 

help, current industrial systems rely to a certain extent on high-quality 

feed. While their diets could potentially incorporate non-edible feed 

sources, such as by-products, roughage feeds, and crops residues, 

current industrial systems remain dependent on high-quality feed to 

meet nutritional demands (Mottet et al., 2017; van Zanten et al., 2018). 

In contrast, ruminants can graze on grasslands and convert inedible 

plant matter into protein (Mottet et al., 2017; van Zanten et al., 2018). 

However, most production  systems also rely on concentrates, including 

cereal grains and soybean, particularly during finishing periods to 

enhance beef yield (Rowe et al., 2025). If ruminants were limited solely 

to grazing, the number of animals would need to decrease, leading to 

drastic reductions in meat and dairy products compared to current 

production levels (Röös et al., 2017; van Selm et al., 2022). Furthermore, 

current production levels might decrease, as the proposed grazing 

feeding practices may not adequately meet the nutritional requirements 

of highly productive animals (see for example, (Y. Wang et al., 2024). This 

production would be limited even further if low-intensity practices such 

as low-intensity grazing were implemented (Resare Sahlin et al., 2024). 

For both ruminant and monogastric, implementing the principle of 

restricting livestock to feed sources such as grass and food by-products, 

which do not compete with human food production, would necessitate 

a dramatic reduction in livestock numbers as these feedstocks are 

limited (Röös et al., 2017; van Selm et al., 2022). 

c) Instead of using by-products or waste streams as feed, by-products or 

waste streams can, in some cases, be upgraded to food using for 

example, edible insects (Leni et al., 2021), emerging food processing 

technology (Dey et al., 2021) and fermentation (Verni et al., 2019) that 

can potentially improve the e@iciency in converting by-products to food 

compared to using livestock  

d) Most farmed aquatic animals require less land use than chicken per 

kilogram of edible product, although large variability is seen (Gephart et 

al., 2021). Capture fisheries produce proteins that do not require land 

but are based on a limited natural resource, i.e., food from the sea is 

capable of being depleted. Di@erent views exist on the status of global 
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fisheries and estimates on the potential for growth (e.g., Costello et al., 

2020; Roberts et al., 2024), but any significant increase in production 

would require rebuilding depleted stocks and improving catch e@iciency 

by prioritizing human consumption over industrial uses like feed 

production. In 2022, around 11% of global landings were estimated to be 

destined for non-food uses (FAO, 2024c) , but this data is uncertain due 

to, e.g., lack of data on the use of di@erent parts of the live-weight 

volume during processing. Currently, domestic aquatic animal 

production from both fisheries and aquaculture in many European 

countries falls short of meeting dietary recommendations (Statement 

(34)d)) (Lofstedt et al., 2021; Thurstan & Roberts, 2014), while a 

substantial portion of global seafood catches is directed toward the 

European market. 

(51) Plant-based proteins, fungi-based proteins, and novel proteins like cultured meat 

generally require significantly less land per product unit and per kg of protein than 

terrestrial animal-based proteins. Terrestrial invertebrates, such as insects, are 

particularly e@icient regarding land use and resource conversion.   

a) Plant-based proteins use less land per kg product than terrestrial 

animal-based proteins (Poore & Nemecek, 2018). A study on plant-

based protein products on the Swedish market (including, for example, 

legumes, tofu, tempeh and seitan, as well as novel plant-based proteins) 

shows that most products are associated with lower land use than beef, 

pork, and chicken (Karlsson Potter et al., 2020). This aligns with a recent 

systematic review in high-income countries showing that novel plant-

based and fungi-based proteins can reduce land use by more than 70% 

per unit of product compared to their terrestrial animal-based protein 

counterparts (Nájera Espinosa et al., 2024). Results for novel proteins 

such as cultured meat indicate that they can be produced using less 

land than beef and are comparable to chicken (European Parliament, 

2024b; Smetana et al., 2023).  

b) Insects can produce protein much more e@iciently than livestock. For 

example, mealworms require 102 times less land than beef (Malila et al., 

2024a). Like aquatic animals, novel algae-based proteins have a 

remarkable land use e@iciency as the raw materials are cultivated in 

seawater (European Parliament, 2024b). Insects and algae-based 
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proteins are especially e@icient, with mealworms using 102 times less 

land per kg of protein than beef and algae, leveraging seawater 

cultivation for remarkable land-use e@iciency (Malila et al., 2024a; 

Smetana et al., 2023). 

(52) Animal-based proteins have a higher overall water footprint than plant-based and 

novel proteins, largely due to significant green water use, whereas plant-based proteins 

and novel protein sources generally require less blue and green water33, though 

variations depend on crop type and production systems. Transitioning to diets lower in 

animal-based foods has the potential to reduce green water use but may increase blue 

water consumption, especially with diets increasing fruit and vegetable intake. Novel 

proteins, such as mycoprotein, show promise for lower water usage, though more 

research is needed to fully understand their green water impact across di@erent regions 

and production systems. 

a)  The water footprint of animal-based proteins is, in general, higher than 

plant-based protein sources, mainly due to high green water use 

(Mekonnen & Hoekstra, 2012, 2011). Some protein-rich crops can be 

associated with relatively high green water use, such as lentils and dry 

beans, depending on where these are produced. Further, blue water use 

can be relatively high if the crop is irrigated (Mekonnen & Hoekstra, 

2011). 

b) Terrestrial animal-based proteins are often associated with higher green 

water use, while cereals, fruits, and nuts have higher blue water use 

(Harris et al., 2020). A transition to a healthy diet following nutritional 

guidelines, which is associated with lower animal food consumption, 

could lower green water use, but not necessarily blue water (Harris et al., 

2020; Vanham et al., 2018). A similar finding was observed in the UK, 

where adhering to the national dietary recommendations of fruits and 

vegetables would increase blue water consumption (Scheelbeek et al., 

2020). 

c) A study indicates that novel protein sources consume less blue water 

than terrestrial animal-based proteins (Malila et al., 2024a). However, 

more research is required to assess green water. While most novel plant-

 
33 Blue water refers to freshwater resources from rivers, lakes, reservoirs and aquifers, which is available for 
human use, while green water refers to the water that originates from precipitation and is stored in the top 
layers of the soil, which is available for plant uptake.  
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based proteins require less blue water, reducing or increasing blue water 

use is usually subject to feed types, rearing systems, and farm e@iciency 

across countries. For example, a recent study found that Swedish novel-

fungi-based proteins (e.g., mycoprotein) required more water than 

Swedish chicken breast, while the opposite was found in the UK (Nájera 

Espinosa et al., 2024). 

3.2.6. Biodiversity  

(53) The global livestock system is a major driver of habitat loss, deforestation, and 

biodiversity degradation, with significant impacts in Europe linked to animal-based food 

production. European countries also outsource much of their biodiversity footprint to 

regions like Central and South America, heavily relying on imports of high-impact 

products such as dairy, beef, and processed foods. 

a) The global livestock system is the largest user of agricultural land and 

has thereby been a major driver for habitat loss, deforestation, and 

ecosystem degradation up until the present time (Hald-Mortensen, 

2023; Machovina et al., 2015; Ritchie & Roser, 2021). In Europe, 

significant biodiversity impacts are driven by food production and 

consumption, with both land-driven (i.e., the loss of biodiversity caused 

by land changes) and GHG-driven biodiversity loss (i.e., the loss of 

biodiversity caused by GHG emissions), most of which are caused by the 

production of animal-source foods (Boakes et al., 2024). It has been 

estimated that up to 70% of the total GHG-driven biodiversity footprint 

of foods stems from methane (Boakes et al., 2024).  

b) European countries are major net importers of biodiversity loss, 

outsourcing much of their environmental impact to biodiversity-rich 

regions such as Central and South Americas (Amahnui et al., 2025; 

Boakes et al., 2024). Products like dairy, beef, and processed foods are 

key drivers of European biodiversity impacts, with the region importing 

up to 90% of its embedded biodiversity footprint for certain food 

categories  (Boakes et al., 2024). 

(54) Grazing and aquaculture practices can have both positive and negative impacts on 

biodiversity and ecosystem health, depending on their intensity, management, and 

context. Livestock grazing, when practised at low to moderate intensities, can enhance 

biodiversity, soil health, and water quality by maintaining open grasslands, supporting 
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diverse plant and animal species, and creating microhabitats. Conversely, overgrazing 

and land conversion for grazing can degrade vegetation, reduce biodiversity, and disrupt 

critical ecosystem services. In marine systems, aquaculture and fisheries have mixed 

impacts: while certain practices, like bivalve farming, provide ecosystem benefits such 

as water filtration, others, including habitat conversion and overfishing, contribute 

significantly to biodiversity loss and ecosystem degradation.  

a) The grazing of some types of land areas, such as semi-natural pastures, 

can enhance biodiversity, soil health, and water quality, o@ering 

environmental benefits (B. Dumont et al., 2019; Rodríguez-Ortega et al., 

2014). Practices such as well-balanced and/or rotational grazing can 

have positive ecological impacts, such as improved soil health through 

enhanced soil structure and fertility through organic matter retention 

and reduced erosion (Rodríguez-Ortega et al., 2014; Zhang et al., 2022). 

However, there is no consensus on the e@ects of grazing on the presence 

of other animals, and negative e@ects may occur (e.g., crowding out 

other herbivores) (Filazzola et al., 2020). 

b) Livestock grazing is constitutive of grassland ecosystems by preventing 

shrub encroachment and promoting plant diversity (Metera et al., 2010). 

In countries like the UK, France, Slovenia, Austria, Sweden, Finland, and 

Germany, livestock rearing on grazing practices appropriate for the areas 

help maintain open areas in forest biomes, supporting the persistence 

of habitats that many plant species depend on (Metera et al., 2010). 

Predominantly low and mid-intensity grazing creates a variety of 

microhabitats in landscapes, such as areas of short grass, taller 

tussocks, and bare ground, supporting a wide range of species, 

including insects, birds, and small mammals (Pulungan et al., 2019; 

Tubay et al., 2015). Di@erent animal species graze selectively, which can 

enhance plant species diversity by preventing dominant species from 

outcompeting others. For example, mixed grazing with cattle and sheep 

can promote a more diverse plant community than grazing with a single 

species (Fraser, 2008a). 

c) Furthermore, livestock grazing aids the dispersal of plant seeds through 

their hooves and dung, helping maintain and enhance plant diversity in 

grassland ecosystems (Pulungan et al., 2019). Areas maintained by 

grazing support diverse invertebrate communities, which serve as food 
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for birds and other wildlife. The structure of grazed areas provides 

habitats for pollinators and other beneficial insects (Fraser, 2008a). 

Many ground-nesting birds, such as the skylark and lapwing, thrive in 

grazing lands, where grazing helps maintain the open habitats these 

birds require for nesting and feeding (Pulungan et al., 2019). 

d) Traditional animal husbandry practices, including through grazing, has 

also shaped culturally significant landscapes in Europe, such as the 

alpine meadows in Switzerland and Austria, and the upland pastures in 

the UK (European Environment Agency, 2004) as well as semi-natural 

(forest) pastures in northern Europe (Herzon et al., 2021). These 

landscapes are important for biodiversity, cultural heritage, and tourism. 

European agri-environment schemes often support traditional grazing 

practices to maintain grassland habitats (Ronchi & Ramanzin, 2024; 

Runge et al., 2022). The preservation of such landscapes relies on the 

continuation of traditional practices, including maintaining low livestock 

densities, producing specific foods, and, in certain contexts, moving 

animals along historical routes or patterns (Ronchi & Ramanzin, 2024).  

e) In densely stocked areas, overgrazing can lead to vegetation 

degradation, reducing plant diversity and negatively a@ecting species 

that depend on those plants (Rutherford & Powrie, 2013). Moreover, 

converting forests, wetlands, and other natural habitats into grazing 

lands or croplands can lead to habitat loss and fragmentation depending 

on the performed change (Semenchuk et al., 2022). The destruction of 

natural habitats can result in the loss of crucial ecosystem services such 

as pollination, water purification, and carbon sequestration (Adla et al., 

2022; IPBES, 2018). 

f) The biodiversity pressures associated with aquaculture vary depending 

on the species being farmed and the production systems used. These 

pressures include a risk of invasive species spreading, the release of 

e@luents from farms, the conversion of valuable habitats such as 

mangroves into aquaculture ponds, and the spread of diseases and 

parasites (Diana, 2009). Some practices may have a positive e@ect on 

biodiversity, especially if restorative aquaculture principles are applied 

(Alleway et al., 2023). Farming of bivalves (e.g., mussels, clams, oysters) 
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provides many ecosystem services, such as the uptake of nutrients 

through filtering water (van der Schatte Olivier et al., 2020).  

g) Direct exploitation (fisheries) is the main driver for biodiversity loss in 

marine ecosystems (Jaureguiberry et al., 2022). Biodiversity pressures of 

fisheries are many – sprung from direct capture, incidental bycatches 

discarded at sea dead or alive and habitat conversion - with complex 

interactions that alter ecosystem structures and functions. Di@erent 

perspectives exist on the current state of global fisheries and how to 

interpret trends (e.g. (Pauly et al., 2013)), but in essence, vast 

di@erences in performance exist which are driven by the status and 

vulnerability of the species targeted, the use of di@erent fishing gears 

and fishery management in di@erent regions (e.g.,Fulton et al., 2019). 

(55) Diets with higher rates of plant-based or novel proteins are less land- and 

resource-intensive, typically resulting in lower biodiversity impacts from land (Kozicka et 

al., 2023; Kyttä et al., 2023; Röös et al., 2015).  

3.3. Animal health and welfare  

Using animals for food raises ethical concerns from both human and non-human perspectives, 

particularly in the context of a protein transition that could change which animals are used, as 

well as practices such as breeding, feeding, transport, and slaughter. A key driver of the protein 

transition is concern over animal welfare in conventional livestock systems. The protein transition 

could imply two shifts in relation to animal welfare: i) phasing out animal-based food production 

entirely, and ii) shifting toward production systems that uphold higher animal welfare standards. 

The di@erent issues related to animal welfare are extremely broad. Thereby, the examples 

provided in the subsections below are not exhaustive.  

(56) Animal welfare can be framed through multiple perspectives. Most commonly, 

there is a utilitarian view that aims to improve welfare through better practices if there 

are no better alternatives or options to reduce animal consumption; that is, that welfare 

can be maximised through continued use of animals for food, but with the best possible 

conditions for the animals; and an abolitionist perspective that fundamentally questions 

the ethics of using animals for food. Thereby, measuring animal welfare and seeking 

improvements in animal production systems is inherently based on a utilitarian view.  
a) Animal welfare has been identified as one of the main drivers of the 

protein transition (Duluins & Baret, 2024a). Although consumers are 

increasingly aware of, and concerned about, animal welfare issues 
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related to production systems (Alonso et al., 2020; de Araújo et al., 

2022), it is still a topic that is often considered to be underrepresented 

in discussions of environmental, social, or economic sustainability 

(Torpman & Röcklinsberg, 2021).  

b) Framing animals as units of production remains common in welfare 

discussions that rely on quantifiable parameters (Arcari, 2017; Harfeld 

et al., 2016). Within the context of a protein transition, animal welfare 

indicators can be used to assess the current welfare status in animal 

production systems, enabling comparisons (Scherer et al., 2018) and 

assessing where improvements are needed (Lanzoni et al., 2023). 

However, some argue that this approach reinforces and normalises the 

objectification of animals (Arcari, 2017; Pierce, 2019). Even more, in the 

literature on sustainable food systems, animals are generally 

materialised, as meat or protein (Arcari, 2017), and many scholars 

advocate for making animals “visible” in the discussion around 

sustainable food systems (Arcari, 2017; Arcari et al., 2021; Vinnari & 

Vinnari, 2022). 

c) The utilitarian perspective seeks to minimise su@ering and maximise 

well-being, allowing the use of animals if the overall benefits of 

producing food outweigh the harms, and no better alternatives exist to 

achieve those benefits (Blaxter et al., 2024; Kuruc & McFadden, 2023). 

This view emphasises the need to transform production systems to 

improve welfare standards, thus allowing continued use of animals for 

food as long as their su@ering is minimised (Buller et al., 2018). Going 

one step further, the "less but better" approach, which can be 

considered as an extension of the utilitarian view, captures a dual aim: 

advocating for decreased consumption of animal-based proteins 

alongside improving the conditions under which animals are raised 

(Mazac et al., 2025). It appraises gradual welfare reforms and supports 

practices such as food labelling and “better” farming practices for higher 

animal welfare standards (Zwolińska & Żakowska-Biemans, 2020). 

Di@erent perspectives on animal welfare and ethics can lead to 

conflicting recommendations, as there is no universally accepted way to 

balance these diverse perspectives (Veit & Browning, 2020).  
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d) Adjacent to approaches to animal welfare, which focus on minimising 

negative experiences for animals, are positive animal welfare 

perspectives. This emphasises the essence of not only avoiding negative 

experiences, but ensuring (1) positive emotions of animals; (2) linking 

these emotions of motivation to engage in activities; (3) finding an 

appropriate balance between positives and negatives, and (4) 

happiness, or a full life perspective of animals (Lawrence et al., 2019; 

Zapata-Cardona et al., 2024). As such, a positive animal welfare 

perspective argues for the right to 'a life worth living' of farmed animals, 

argued to constitute an animal-based perspective as opposed to the 

anthropocentric utilitarian perspective (Yeates, 2011). 

e) Lastly, the abolitionist approach argues that animals possess intrinsic 

moral rights that should not be violated, regardless of human benefit 

(Blaxter et al., 2024). It challenges the assumption that animals can 

ethically be kept and consumed at all, arguing that such use perpetuates 

their objectification (Francione, 2020; Schmidt, 2011). This view thereby 

rejects the use of animals altogether and pushes for systemic change 

(Blaxter et al., 2024). In addition, this view contends that framing welfare 

in terms of minimal harm can normalise ongoing exploitation rather than 

dismantling it. 

(57) The welfare of terrestrial farm animals in food production systems varies greatly 

depending on the species, their biological and behavioural needs, and the specific 

practices used to breed, house, transport, and slaughter them—highlighting that welfare 

concerns are not uniform but shaped by how each animal is integrated into human food 

systems. From a utilitarian perspective, animal welfare in farming and food production 

is commonly evaluated by three main factors: ensuring animal health, supporting 

natural behaviours, and promoting mental well-being by minimising stress. These 

factors are influenced by di@erent conditions, though addressing only one is insu@icient 

to ensure comprehensive welfare.  

a) Di@erent animals experience pain and stress in distinct ways due to 

species-specific physiology and behavior; for example, pigs are 

intelligent and social, exhibiting clear signs of experiencing pain 

(Animals, 1992; Marino & Colvin, 2015; Vullo et al., 2020), while broiler 

chickens experience pain but may not express it in ways that are 

immediately obvious to humans (McIlhone et al., 2018; Schlegel et al., 
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2024). Although invertebrates do not have a central brain, and their 

capacity to experience pain is debated (Adamo, 2016; Delvendahl et al., 

2022; Mather, 2023), invertebrates possess a decentralised nervous 

system with a series of ganglia, which leads to uncertainty regarding how 

they experience pain compared to vertebrates (De Goede et al., 2013). 

Vertebrates, in contrast, possess a well-developed central nervous 

system—including a brain and spinal cord—along with nociceptors, 

which are specialised sensory neurons responsible for detecting and 

transmitting signals of noxious (potentially harmful) stimuli. This 

anatomical and physiological structure allows vertebrates not only to 

detect injury but also to process pain in a way that likely includes a 

conscious experience of su@ering (Sneddon et al., 2014).  

b) Animal welfare in farming and food production contexts can be 

understood by using three key components: (1) basic health and 

functioning (disease prevention, nutrition, injury care), (2) natural living 

(providing conditions that allow animals to express species-specific 

behaviors such as foraging, socialising, or nesting), and (3) a@ective 

states (mental well-being, minimising stress, and promoting positive 

experiences) (Fraser, 2008b; Veit & Browning, 2020). However, the 

weighing of these three indicators can be subjective, as it often relies on 

expert judgment (Veit & Browning, 2020). 

c) Basic health indicators include mortality rates, disease incidence, injury 

frequency, and body condition scores34, all of which provide insight into 

an animal’s physical state (EFSA et al., 2023). Natural living is assessed 

by evaluating factors such as access to environmental enrichment, 

adequate space, and opportunities to engage in species-specific 

behaviours like foraging, nesting, or social interaction (Meehan & 

Mench, 2007). A@ective states, reflecting the animals’ emotional well-

being, are measured through behavioural indicators of stress or 

discomfort, the presence of stereotypic behaviours35, and 

 
34 Body condition scoring is a crucial tool in animal welfare, used to assess an animal's fat reserves and 
overall health. It helps determine whether an animal is underweight, overweight, or at an optimal condition. 
35 Stereotypic behavior in animals refers to repetitive, invariant actions that serve no obvious function. 
These behaviors often arise in captive animals due to stress, frustration, or an inability to express natural 
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physiological markers like cortisol levels (Boissy et al., 2007). These 

indicators are systematically integrated into comprehensive welfare 

assessment protocols such as those developed by Welfare Quality36®, 

which combine both animal-based and resource-based measures to 

provide comparable evaluation of welfare conditions within production 

systems (Welfare Quality, 2009).  

d) Assessing welfare of fish and other seafood has for long been limited by 

a lack of consensus on how welfare should be defined and measured 

(Ashley, 2007). However, it is currently rapidly evolving, especially for key 

species like salmon, shrimp, and seabass (Barreto et al., 2021; 

Pedrazzani et al., 2024). The basic health indicators (mortality, disease, 

injury) are in a more mature stage compared to behavioural and 

emotional indicators that are still a work in progress (EFSA, 2022). 

Assessment frameworks for assessing fish welfare in aquaculture have 

been developed, such as SWIM (salmon welfare index model), 

FISHWELL, and MYFISHCHECK (Browning, 2023). These frameworks 

encounter similar limitations as discussed above of subjective weighing, 

being incomplete, and setting appropriate thresholds for “poor”, 

“acceptable”, or “good” welfare (Browning, 2023). Welfare assessments 

are uncommon in wild capture fisheries as they are not living in human-

controlled environments before capture, although welfare during and 

post capture can be measured (Breen et al., 2020). 

e) Following the approach that animal welfare can be measured, ongoing 

work attempts to include indicators for animal welfare in LCA, with 

indicators such as lifespan under human care or intensity of 

confinement (Scherer et al., 2018). Complicating such assessments, 

animal welfare is challenging to evaluate because it involves multiple 

levels of observation, including the well-being of individual animals, 

groups within a herd or tank, and the overall conditions on a farm 

 
behaviors. In terms of animal welfare, stereotypies are commonly used as indicators of poor well-being, 
particularly in zoo and farm animals. 
36 Welfare Quality® protocol is one of the most widely used animal welfare assessment frameworks in 
Europe, particularly within the EU. It was developed through a major EU-funded research project and is 
designed to provide standardized, science-based, on-farm welfare assessments for cattle, pigs, and 
poultry. 
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(Lanzoni et al., 2023; Reimert et al., 2023). Additionally, the selection of 

indicators is inevitably directed by the underlying perspective and 

definition of welfare (Lanzoni et al., 2023). Without clarification, various 

quantitative measures of animal welfare may seem comparable, while 

in fact indicating di@ering interpretations of what welfare means. 

However, Bartlett et al., (2023) argue that it is possible to measure 

animal welfare empirically and transparently, and that “lack of 

consensus on relatively inconsequential details” should not keep 

animal welfare from being included in LCA.  

f) Various assessment tools, metrics, and labels have been developed to 

quantify animal welfare, aiming to reflect the welfare standards in 

animal production (e.g., Beter Leven in the Netherlands37 or KRAV in 

Sweden38)  (Heinola et al., 2021). These have been shown to positively 

influence consumer choices and willingness to pay, although this may 

only be relevant for a consumer group for which price is less important 

in decision-making (Cornish et al., 2020; Gorton et al., 2023). Yet, 

farmers may be sceptical about changing farming practices in favour of 

certification or labelling for improved animal welfare because animal 

welfare is perceived as su@icient, negative outcomes are easily 

alleviated with medication, and the benefits of certification do not 

outweigh the additional work (Albernaz-Gonçalves et al., 2021; Balzani 

& Hanlon, 2020). 

(58) Among all factors, housing is often considered to play the most important role for 

establishing the status of animal welfare. Specifically high stocking densities, a lack of 

enrichment, and environments that keep animals from expressing natural behaviors, 

leads to poor welfare and health issues. Although intensive production systems tend to 

be more distant form natural environments compared to extensive production systems, 

each of those come with their own concerns for animal welfare.  

a) The animal’s living environment plays a crucial role, with factors like 

su@icient space, clean and safe conditions, and appropriate shelter and 

 
37 The Beter Leven label is a Dutch certification focused on animal welfare. It applies to products like meat, eggs, and 
dairy, ensuring better living conditions for animals. The label has three levels (stars)—the more stars, the higher the 
welfare standards. 
38 KRAV is a Swedish organic certification where animal welfare is conceptualised and assessed through for example 
requirements around individual space for animals, physical spatial possibilities to exercise natural behaviours, feeding 
patterns and rules around how to perform painful procedures going beyond both national and EU legislation. 
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enrichment directly a@ecting welfare (Scherer et al., 2018). High 

stocking densities restrict movement and are linked to increased stress 

and a higher susceptibility to diseases, including a greater risk of 

infections such as salmonella in broilers (Tahamtani et al., 2019). The 

absence of natural environmental and/or enrichment, such as perches 

or foraging materials, limits the expression of natural behaviours and 

generates a lack of mental stimulation eventually causing behavioral 

problems (Mason et al., 2007; Riber et al., 2018). Ruminants reared in 

indoor confined environments without access to pasture cannot 

exercise their natural instinct to roam and graze, which cows have 

indicated to find equally important as fresh feed through motivation 

tests39 (von Keyserlingk et al., 2017). Access to pasture also reduces 

lameness for dairy cows (Hernandez-Mendo et al., 2007). In commercial 

pig production, breeding sows are commonly housed in gestation 

crates40 during pregnancy to manage individual feeding and reduce 

aggression among animals in group housing systems (Schuck-Paim & 

Alonso, 2022). Following birth, farrowing crates are used to reduce the 

risk of piglets being accidentally crushed by the sow — a leading cause 

of piglet mortality in loose housing systems. However, gestation and 

farrowing crates restrict movement and interaction with o@spring, which 

has been associated with physical issues such as pressure sores and 

joint strain, as well as repetitive behaviours that may indicate frustration 

or lack of stimulation (Schuck-Paim & Alonso, 2022(Ko et al., 2022; 

Plush et al., 2024).  

b) Although attention generally focuses on animal welfare in intensive 

production systems for valid reasons, welfare status is not directly 

related to production systems being intensive or extensive (Temple & 

Manteca, 2020). Intensive systems can promote good animal welfare by 

ensuring controlled environments, proper healthcare and stress-

reducing practices. On the other hand, these systems are generally far 

 
39 Motivation tests are used in animal behavior studies to assess how much e7ort an animal will make to gain access to 
a resource. The e7ort might be measured by how many times they press a lever, how far they push a weighted door, or 
how long they wait. 
40 A gestation crate (also known as a sow stall) is a metal enclosure used in industrial pig farming to confine pregnant 
sows. These crates typically measure about 2 feet wide by 7 feet long (0.6 m by 2.1 m), which is roughly the same length 
as a sow but too narrow for her to turn around or move freely. In contrast, a typical adult sow can weigh between 400–
600 pounds (180–270 kg) and needs more space to express natural behaviors like nesting or turning. 
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o@ from natural environments, clashing with the fundamental needs of 

animals (Broom & Fraser, 2007b). On the contrary, while animals may 

interact in a more natural environment in extensive systems, some have 

argued these systems can lack proper care, where animals are exposed 

to extreme weather and can face other challenges such as inadequate 

food or water (Temple & Manteca, 2020). 

c) Precision farming41 has been promoted as a way to improve animal 

welfare conditions by enabling close monitoring of health and welfare 

parameters (Simitzis et al., 2022). However, practice shows that while it 

has potential to improve animal health by reducing the occurrence of 

diseases and injuries, it does not directly promote animal welfare 

(Schillings et al., 2021). This is largely linked to a lack of understanding 

of what animals actually need and want, while with that understanding 

technology could be developed that provide autonomy to animals to 

receive what they want (Dawkins, 2021; Werkheiser, 2020). Even ore, 

precision farming is linked to adverse e@ects on animal welfare due to 

impairing human-animal relationships, the technologies being obtrusive 

and causing stress, or interfering with natural behavior (Werkheiser, 

2020). 

(59) Beyond housing conditions, animals’ health and welfare is shaped by a strong 

focus on convenience and productivity. How animals are kept drives the need for 

practices such as tail docking, dehorning, or teeth clipping. Breeding and selection 

procedures can create animals that are performing well from a production perspective, 

but at the same time creates animal health and welfare issues. Lastly, direct human-

animal interactions during handling and transportation can be stressors with long-

lasting side-e@ects.   

a) The faith and life cycle of farmed animals is shaped by their convenience 

for human use and a strong focus on productivity. Intensive feeding 

practices may be applied to achieve high yields or a certain body 

composition faster. For example, for heifers42 to reach breeding size 

earlier and thereby increase lifetime productivity and decrease costs 

associated with raising replacement heifers (Rincker et al., 2011), while 

 
41 A data-driven and technology-enhanced approach to agriculture that applies site-specific or animal-specific 
management practices based on real-time information. 
42 Young cows that have not yet given birth to a calf  
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this can lead to metabolic disorders (FAO, 2011). Dairy cows usually live 

5–6 years as opposed to their natural lifespan of 15–20 (De Vries & 

Marcondes, 2020), while broiler chickens are slaughtered at 5–7 weeks 

old (Cicek & Tandogan, 2016). Typically, in dairy production systems, 

calves are removed from their mothers shortly after birth (Flower & 

Weary, 2003; Stěhulová et al., 2008), which can lead to behavioural 

issues, stress-induced illness, and emotional distress (Boissy & Le 

Neindre, 1997; Meagher et al., 2019). Male calves not used for milk 

production are either slaughtered at a young age or raised for veal (Alley 

et al., 2021; Webb et al., 2023). Male chicks, as they do not lay eggs and 

are not typically raised for meat production, are commonly culled 

shortly after hatching using methods such as maceration or gas 

exposure (de Haas et al., 2021), shown to cause distress (Foote, 2019). 

b) Handling and transport practices can create additional welfare issues 

(Broom & Fraser, 2007a). For example, piglets may undergo tail docking, 

teeth clipping, and castration—procedures intended to prevent future 

injuries and manage meat quality. These are often performed without 

anaesthesia and result in short-term pain and potential long-term 

e@ects (Sutherland, 2015). Similarly, castrating, dehorning and branding 

(beef) cattle causes acute pain, stress, and potentially long-term 

discomfort (Sutherland et al., 2013). Broilers often experience transport-

related stress due to feed and water withdrawal, handling, and transport 

conditions, which can lead to dehydration and increased mortality rates 

upon arrival at processing facilities (Saraiva et al., 2020). Specialised 

training in, and maintenance of good handling practices among handling 

personnel and drivers can reduce stress for animals during transit 

(Isbrandt et al., 2022; Nicolaisen et al., 2023; Werner et al., 2007).  

c) Some species may experience negative consequences due to human 

breeding practices. For example, in poultry meat production, selective 

and productivism breeding for broilers has led to rapid growth rates. This 

accelerated growth is associated with health issues such as lameness, 

leg disorders, and sudden death syndrome, due to the birds' skeletal and 

cardiovascular systems struggling to support increased body mass 

(Kestin et al., 2001; Tahamtani et al., 2019).  
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(60) The welfare of fish in farming systems (aquaculture) and those captured at sea is 

an increasingly critical concern. Fish are sentient beings capable of experiencing stress, 

pain, and su@ering, though their needs and welfare issues have often been overlooked 

and underrepresented in traditional animal welfare discussions. However, scientific 

research indicates the challenges for fish welfare in both aquaculture (fish farming) and 

capture fisheries. Aquatic invertebrates, such as cephalopods and crustaceans, su@er 

from similar welfare issues related to farming conditions, capture methods, 

transportation and handling, while evidence shows a cognitive ability to experience pain.  

a) Consumers are increasingly concerned about the welfare of aquatic 

animals farmed in aquaculture or wild-caught in fisheries, but the basic 

scientific knowledge bases, monitoring practices, and regulations for 

aquatic animals are less mature than those for terrestrial animal-based 

foods (Röcklinsberg et al., 2019). Partly because the range of aquatic 

species is so divers and welfare information for 70% of species is lacking 

(Franks et al., 2021).  

b) In aquaculture, fish are often kept in high-density, confined 

environments that cause stress, aggression, and injury due to 

overcrowding (Champneys et al., 2018; Laursen et al., 2013). Diseases 

and parasites, such as sea lice in salmon, spread quickly in these 

environments, leading to high antibiotic use, and harmful side-e@ects 

for fish (Previti et al., 2025). Additionally, fish are often slaughtered in 

ways that cause unnecessary su@ering, such as poor stunning or 

su@ocation (Clemente et al., 2023). However, aquaculture 

management, and related fish welfare issues, vary considerably 

between species and countries (van de Vis et al., 2020). For example, 

with regards to diseases and parasites, Norway has replaced antibiotic 

use largely by applying vaccination (Gudding & Van Muiswinkel, 2013). 

c) Fishing methods like trawling and longlining can cause prolonged 

su@ering and injury of the targeted species and entangle non-target 

species, leading to bycatch and death (Clarke et al., 2014; Tomás et al., 

2024). After capture, fish often endure rough handling, exposure to poor 

conditions, and overcrowding in holding tanks, causing stress, injury and 

death (Portz et al., 2006; Veldhuizen et al., 2018).  

d) Similar to fish, the welfare of aquatic invertebrates, mainly crustaceans 

and cephalopods used for food production, is also threatened by 



 88 

farming conditions and capture methods (Browning et al., 2025). In 

addition, crustaceans are commonly transported alive and exposed to 

“rough handling”, both leading to physical injury (Browning et al., 2025). 

At the same time, evidence shows that cephalopods have a primary 

consciousness, as well as remarkable mental capabilities (Mather, 

2008; Ponte et al., 2022). In addition, crustaceans show rapid avoidance 

learning and prolonged memory which are indicative of experiencing 

pain (Elwood, 2019). 

(61) While much attention in welfare discussions focuses on housing, feeding, and the 

ability to express natural behaviours, the way in which slaughter is conducted can either 

undermine or reinforce these welfare standards. Slaughter methods vary considerably 

across species and are influenced by technological, regulatory, and cultural factors, 

each with distinct animal welfare implications. Despite regulations aimed at improving 

welfare, actual outcomes are highly uneven due to di@erences in enforcement, species 

practices, and infrastructure biases. Industrial e@iciency often takes precedence over 

low-tech or decentralised alternatives that may o@er better welfare outcomes, 

highlighting the tension between welfare ambitions and production realities. 

a) The global meat industry slaughters approximately 83 billion land 

animals annually, with chickens making up the overwhelming majority of 

these fatalities (Ritchie et al., 2023). In Europe alone, the 2023 figures 

include 6 billion chickens, 222 million pigs, 160 million turkeys, 123 

million ducks, 34 million sheep, 23 million cattle, and 5 million goats  

(FAOSTAT, 2024a). 

b) The number of animals slaughtered to produce the same quantity of 

meat varies across species, creating a notable trade-o@ with respect to 

animal welfare. Chickens, for example, are much smaller than cattle or 

pigs, meaning more individual chickens must be killed to produce an 

equivalent amount of meat (Ritchie et al., 2023). Higher slaughter 

numbers imply greater cumulative welfare impacts, including more 

individuals subjected to potentially stressful conditions such as 

overcrowding, transport, and stunning (Lambooij, 2024). In contrast, 

while cows and pigs represent fewer individual deaths, their longer 

lifespans and more complex cognitive and emotional capacities may 

raise other ethical concerns (Marino & Allen, 2017).  
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c) For cattle, the most common method in slaughterhouses involves 

captive bolt stunning43—either penetrative or non-penetrative—

followed by exsanguination44, which is generally e@ective in reducing 

pain when performed correctly (Grandin, 2010). In contrast, religious 

slaughter practices such as Halal and Kosher often exclude pre-

slaughter stunning, raising concerns about prolonged consciousness 

and pain (Gregory et al., 2010). Pigs are typically rendered unconscious 

using either electrical stunning or CO₂ gas exposure, though the latter is 

controversial due to evidence of respiratory distress and aversive 

behaviours prior to unconsciousness (Raj et al., 1997; Velarde & 

Dalmau, 2012). Poultry are frequently stunned using electrified water 

baths, a method associated with significant welfare issues due to 

inversion, shackling, and inconsistent stunning (Berg & Raj, 2015). More 

recently tested alternatives, such as the gunshot method  (Hultgren et 

al., 2022), mobile abattoirs (Eriksen et al., 2013) or controlled 

atmosphere stunning (CAS) using inert gases (e.g., argon or nitrogen), 

can o@er improved welfare outcomes by reducing handling stress and 

avoiding inversion (Fuseini et al., 2023). For sheep and goats, both 

captive bolt and electrical stunning are used, with similar welfare 

debates surrounding religious slaughter (Farouk et al., 2014). Fish, 

though less regulated, are often slaughtered through asphyxiation or 

immersion in ice slurry, methods widely criticised for causing prolonged 

su@ering (Cottee, 2008; Lines & Spence, 2012). Alternatives such as 

percussive or electrical stunning are gaining attention but remain less 

utilised and studied (Clemente et al., 2023).  

d) A well-designed slaughterhouse facility, as well as less invasive stunning 

methods can help reduce negative welfare impacts by using gentle 

handling, clear paths, and smooth transitions to the slaughter area (Riaz 

et al., 2021). Still, any stunning method can cause distress if not properly 

applied (Kamenik et al., 2019). Slaughterhouses design can reduce 

 
43 Bolt stunning is a method used to render animals unconscious before slaughter. It involves using a captive bolt pistol 
that fires a metal rod into the animal’s skull, causing immediate loss of consciousness and insensibility to pain. 
44 Exsanguination is the process of bleeding out an animal after stunning. It is done by cutting major blood vessels, 
typically in the neck or chest, to cause death through blood loss. This step is considered necessary to ensure the animal 
dies quickly and to drain the blood from the carcass for processing. 
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stress by minimising noise, providing even lighting, ensuring adequate 

space for animals to move without overcrowding, the use of anti-slip 

floors and well-structure holding pens (Grandin, 2010). Behaviors and 

ethics of the people handling animals is also key, where gentle handling 

reduce stress (Riaz et al., 2021). 

e) The emphasis on technically advanced slaughterhouse facilities often 

reinforces the notion that “animal-friendly” conditions depend on 

specialised, high-investment infrastructure, thereby sidelining 

decentralised alternatives, even when such approaches may o@er 

improved welfare outcomes. For instance, studies on the so-called "gun-

shot method" in which cattle are shot in the field while surrounded by 

their herd have shown reduced pre-slaughter stress compared to 

conventional slaughter at the abattoir using captive-bolt stunning 

(Friedrich et al., 2015). Yet, such practices are rarely considered viable 

within the logic of industrial production, which relies on centralized, 

scalable systems. As a result, animal welfare becomes increasingly 

entangled with and limited by the imperatives of industrial e@iciency 

(Guarnido-López et al., 2022). 

f) The European Union has a unified legal framework for animal welfare at 

slaughter, primarily governed by Council Regulation (EC) No 1099/2009 

(European Commission, 2009), which mandates pre-slaughter 

stunning, proper handling, and trained personnel to minimize animal 

su@ering. However, implementation and enforcement of these 

standards vary significantly across member states as member states are 

responsible for their national set of rules and dedicated policies for 

improving and monitoring the welfare of farm animals (Miele et al., 

2015). Religious exemptions for non-stun slaughter—such as in Halal 

and Kosher practices—are permitted in several countries, contributing 

further to regional di@erences (European Parliament, 2023b). 

(62) Novel protein sources are often considered a promising solution to animal welfare 

concerns in livestock production by reducing or eliminating the need for animal rearing 

and slaughter. However, the degree to which this claim holds depends on the definition 

and components of animal welfare, as well as the novel protein source. 

a) Novel protein sources generally eliminate the need to raise or slaughter 

animals (Gil et al., 2024). Most being non-animal foods, some argue that 
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these proteins constitute the most ethical options for animals and that 

opting away from animal-based proteins removes cognitive dissonances 

between care for animals and the exploitative nature of eating animals 

(Docherty & Jasper, 2023).  

b) Cultured meat production, although requiring only a small sample of 

animal cells, still depends on fetal bovine serum45 for cell growth and 

may involve terrestrial animal-based protein additives, like collagen or 

gelatin to enhance meat-like flavor, raising ethical concerns for animals 

(Benny et al., 2022; Bryant, 2020; Chriki et al., 2022; Tso et al., 2021). 

Researchers are working on developing animal-free serum media, but 

widespread use has yet to be achieved (Dai et al., 2024; Young et al., 

2024). 

c) Insect welfare is an emerging field gaining attention as insect farming for 

food and feed expands (Barrett & Fischer, 2023; Delvendahl et al., 2022). 

Although invertebrates lack a central brain, they have a decentralized 

nervous system with ganglia, creating uncertainty about how they 

experience pain compared to vertebrates (Statement (57)a)). As the 

capacity of insects to feel pain remains debated, the broader ethical 

questions on using insects for human benefit remain unaddressed 

(Gamborg et al., 2018) and bring to the fore the same concerns of the 

number of individuals a@ected as for conventionally farmed animals. 

Common welfare concerns include overcrowding, poor environmental 

conditions, starvation of adults, spatial and environmental conditions 

inappropriate for the completion of natural behaviours and inhumane 

slaughter methods such as freezing or shredding (Barrett et al., 2023). 

 

3.4. Economy  

This section examines the economic impacts of existing food systems, regimes, and paradigms, 

with a particular focus on the implications of the protein transition. Unlike the previous section, 

which provided the economic context—including the current positioning of terrestrial, aquatic, 

 
45 Fetal bovine serum (FBS) is a common supplement used in cell culture media, particularly in biotechnology and lab-
grown meat production. It is derived from the blood of bovine fetuses, typically collected from pregnant cows during 
slaughter. The collection process and the use of FBS raise significant ethical and animal welfare concerns due to the 
invasive nature of the extraction and the sourcing from unborn animals. 
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and alternative protein sectors within the economy, the role of the Common Agricultural Policy 

(CAP), and path dependencies contributing to systemic “lock-in”—this section shifts to explore 

the potential consequences of change. It focuses on aspects such as the implications of the 

protein transition on employment levels and economic performance, measured in monetary 

terms. Framing farms as “businesses” centred on profit generation reflects a neoliberal 

perspective on food systems, a viewpoint that is not critically challenged in this paper. 

(63) The livestock and seafood industries collectively employ millions across the EU, 

with significant contributions to rural economies. A transition to alternative proteins on 

a dietary and food systems scale would impact the actors who depend on animal 

production for their livelihood especially in regions where farming or fisheries are 

particularly important and options to shift to production systems for alternative proteins 

or sectors beyond agriculture are limited. The concerns surrounding potential job losses, 

economic impacts on farmers, and the sunk costs of existing investments emphasize 

the critical need for well-designed policy interventions. 

a) In 2020, the livestock sector employed 4 million farm workers in the EU 

(people working and making a salary on the farm), with an average of 1 

or 2 workers per farm (Matthews et al., 2023; Peyraud & MacLeod, 2020). 

This workforce is spread across a variety of farm types, with mixed crop 

and livestock farms and dairy farms employing the largest shares (37% 

and 25%, respectively) (European Commission, 2024i). In the seafood 

sector, nearly 550 thousand people are employed in either primary 

production, processing and/or distribution of seafood products 

(European Commission et al., 2024). There are nearly 57 thousand 

aquaculture producers and nearly 120 thousand fishers make a living 

from wild captures (JRC, 2024; JRC et al., 2023). 

b) The meat industry (excluding farmers) is estimated to provide 

employment to around 1 million industry workers in Europe (European 

Trade Union Institute, 2021). However, it is unclear whether this figure 

includes all roles beyond the farm gate—such as processing, 

distribution, and logistics—or if it also accounts for workers involved in 

retail and grocery store meat sales. The workforce in the meat industry 

sector increasingly consists of temporary non-national workers who are 

sometimes employed under deplorable working conditions and abusive 

subcontracting practices (Fasani & Mazza, 2023; Hashem et al., 2020).  
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c) There are concerns in many European countries about potential 

economic losses from a transition away from animal farming and 

fisheries (Pais et al., 2020). A primary concern is the future of animal 

farmers and fishers, many of whom may face ceased roles in a 

“successful” protein transition scenario in which the consumption of 

animal-source proteins is reduced (A. E. Barnard, 2024; Geibel & 

Freund, 2023; Rieger et al., 2023).  

d) In particular, countries heavily dependent on animal farming or fisheries, 

such as Ireland and Denmark, are likely to experience substantial 

reductions in incomes from agriculture, especially for beef and dairy 

producers (Geibel & Freund, 2023). For instance, if the dietary changes 

recommended by the EAT-Lancet Commission were implemented in 

Europe, beef production in countries like Ireland and Denmark could 

decrease by over 40% to 60%, with corresponding income losses for 

livestock farmers reaching as high as 61% (Geibel & Freund, 2023). 

However, this could be o@set to varying degrees by gains in crop and 

horticulture and trade dynamics or by policy interventions, leading to 

di@erent outcomes across regions (Geibel & Freund, 2023; Mehrabi et 

al., 2020; Rieger et al., 2023). 

e) The capital-intensive nature of animal farming and some alternative 

protein options, which require significant long-term financial 

commitments, potential access to patented technology, and advanced 

infrastructure, further complicate shifts toward alternative protein 

systems (Matthews et al., 2023). A range of emerging initiatives and 

organizations are working to support animal farmers in shifting toward 

plant-based agriculture and alternative economic models. Examples 

include Viva!’s Vegan Farming campaign, the Transfarmation Project, 

Farmers for Stock-Free Farming, Refarm’d, the Vegan Society’s Grow 

Green campaign, and The Little Mushroom Company46. These e@orts 

provide hands-on assistance—ranging from financial aid and business 

planning to training and technical support—showing that with 

 
46 Viva https://vivafarming.org.uk/; Transfarmation Project https://thetransfarmationproject.org/; Farmers for Stock 
Free Farming https://stockfreefarming.org/; Refarm'd https://en.refarmd.com/en; The Vegan Society's Grow Green 
campaign https://www.vegansociety.com/take-action/campaigns/grow-green; The Little Mushroom 
Company https://thelittlemushroomcompany.co.uk/ 

https://vivafarming.org.uk/
https://thetransfarmationproject.org/
https://stockfreefarming.org/
https://en.refarmd.com/en
https://www.vegansociety.com/take-action/campaigns/grow-green
https://thelittlemushroomcompany.co.uk/
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appropriate guidance and resources, such transitions are not only 

possible but increasingly practical and accessible. 

(64) The alternative protein sector is rapidly expanding, attracting significant 

investments globally and within the EU, though it remains comparatively small alongside 

the established animal production sector. Initially dominated by startups, the sector has 

seen increasing involvement from major meat industry players diversifying into plant-

based and cultivated protein markets. Despite its promising potential, the sector’s 

reported growth is heavily reliant on consultancy-driven data, which often carries vested 

interests, underscoring the critical need for greater transparency and more precise 

market definitions. 

a) The exact market share of the alternative protein sector is di@icult to 

quantify because shares dedicated to food versus feed remain unclear. 

In addition, the sector is, in reality, not unified, with a diverse use of the 

term ‘alternative protein sector’ in existing documents, scientific 

literature, and across organisations, e.g., the EU Commission versus the 

Good Food Institute (European Commission, 2018; Good Food Institute, 

2022).  

b) When defining the alternative protein sector as encompassing plant-

based, fermentation-derived, and cultivated protein innovations such as 

lab-grown meat designed to replicate or enhance traditional animal-

based products, the sector secured $3.1 billion of funding in 2020 at the 

global level (corresponding to €2.6 billion euros), three times more than 

in 2019 and nearly five times more than in 2018 (Good Food Institute, 

2021). However, by 2023, global investments had dropped to around 

$1.67 billion (Good Food Institute, 2024a). This decline is mainly 

attributed to broader slower economic growth a@ecting venture capital 

globally, with many sectors, including food tech, experiencing a pullback 

in funding (Good Food Institute, 2024a). In Europe, this sector has seen 

growth, with companies raising €579 million in investments during 2022 

(Good Food Institute, 2023b).  

c) Financial inflows to the alternative protein sector are coming from 

venture capitalists and food-tech investors but also from large 

multinational corporations like Nestlé and Unilever, who are rapidly 

expanding their portfolios of plant-based and novel protein products 

(Good Food Institute, 2024c; Guthman et al., 2022). New initiatives, like 
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the $30 million Bezos Center for Sustainable Protein at Imperial College 

London, aim to advance innovation in sustainable protein solutions 

(Bezos Earth Fund, 2024). However, much of the published numbers for 

this market are from consultancy reports, which often have a vested 

interest in promoting the sector’s success (Good Food Institute, 2024a). 

d) Although the alternative protein sector is growing in terms of the number 

of companies, investment levels, and economic returns, its overall scale 

remains relatively minor compared to the livestock sector. The disparity 

in production value is striking, with the alternative protein sector 

attracting investments of approximately €2.6 billion in 2020, of which 

500 million in Europe, while the production value generated by the 

livestock sector was €214 billion in 2023 (Statement (6)). 

(65) The European Commission recognises the economic importance of the livestock 

sector but puts comparatively less emphasis on protein-rich crops. In 2024, protein-rich 

crops occupied less than 3% of Europe's agricultural area, with production levels far 

below staple crops like wheat. To address this, EU policies, including CAP reforms and 

targeted support measures, aim to promote the cultivation of protein-rich crops by 

reducing financial risks through breeding programs and incentives such as coupled 

income support and crop diversification rules. 

a) Although the European Commission highlights the significance of the 

livestock sector within the agricultural economy, no comparable 

emphasis is provided for the role of protein-rich crops (European 

Commission, 2024i). This sector could expand further due to dietary 

shifts, including more plant-based proteins or a higher demand for 

protein-rich crops produced within Europe for feed purposes.  

b) Production of protein-rich crops for human food (Box 1) is low in Europe, 

covering less than 3% of utilised agricultural area (Eurostat, 2024c). The 

production covers 2.4, 1.8, 1.1 and 0.4 million tonnes of soybean, field 

peas, broad beans and lupins, respectively, compared to 112 million 

tonnes of wheat (European Commission, 2024j). Although not all 

protein-rich crops can be easily grown under Europe’s climatic 

conditions, investments in breeding e@orts for cultivars that match 

climatic conditions can reduce the financial risks associated with 

cultivating protein-rich crops (Rubiales et al., 2021). 
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c) The EU has encouraged the cultivation of protein-rich crops since the 

2013 CAP reform through measures such as Voluntary Coupled 

Support (VCS)47, including protein-rich crops in Ecological Focus Areas 

(EFAs), and crop diversification rules such as voluntary coupled support,  

(EU CAP Network, 2013). Building on these e@orts, a 2018 report 

proposed additional strategies that significantly influenced the CAP 

strategic plans for 2021-2027, emphasising the continued promotion of 

protein-rich crop cultivation, particularly through mechanisms such as 

coupled income support (European Commission, 2018, 2024i).  

(66) The prospect of transitioning from animal production to alternative (agricultural) 

sectors faces significant resistance from farmers and farming lobbies, as experienced in 

the Netherlands following a proposal in parliament to halve the country's livestock in an 

attempt to limit agricultural pollution. Moreover, it raises complex discussions about a 

"just transition" for farmers who would be impacted? These discussions are particularly 

challenging because there is no single definition of sustainability or just transition, and 

substantial disagreements exist regarding what such a future should look like, how it 

should be implemented, and who should be involved. 

a) Just transitions emphasise socio-economic fairness in shifts to 

environmental sustainability, focusing on incentivising change, 

supporting those adversely a@ected, and ensuring fairness as both a 

principle and practical strategy (IEEP, 2022). In the context of a protein 

transition, governments would aim to achieve the targets they set for 

shifting diets towards more alternative sources and addressing long-

term climate and biodiversity crises while preventing resistance from 

those who bear short-term costs (IEEP, 2022).  

 
47 Voluntary coupled support (VCS) refers to financial subsidies provided under agricultural policy 

frameworks to support specific types of agricultural production. These payments are "coupled" because 

they are directly linked to the level of production of a particular crop or livestock, meaning farmers receive 

subsidies based on how much they produce. They are "voluntary" because countries within the policy 

framework can choose whether or not to implement these supports and to what extent. Compared to the 

traditional Coupled Support (Statement (7)), which was a mandatory mechanism applied more broadly, 

VCS oXers more flexibility, allowing governments to target vulnerable agricultural sectors while ensuring 

compliance with broader CAP objectives.  
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b) There has been limited scientific discussion about just protein 

transitions in European agriculture, though this is gradually evolving with 

emerging research and initiatives (IEEP, 2022). A study by Aubert et al., 

(2021) modelled a sustainable transition within the French dairy sector, 

aiming to balance environmental objectives with the preservation of 

agricultural employment, demonstrating how targeted strategies can 

address multiple sustainability dimensions simultaneously. 

c) In the Netherlands, the issue of excessive nitrogen and ammonia 

emissions, primarily from its highly concentrated livestock sector, 

illustrates the complexities of a just protein transition in agriculture. To 

address this, the Dutch government introduced the "National 

Programme for Rural Areas", which aims to reduce nitrogen emissions by 

50% by 2030 through measures such as cutting livestock numbers, 

investing in emission-reducing technologies, and allocating €25 billion 

through 2035 to compensate a@ected farmers, some of whom may 

cease production (Levitt, 2021). However, the Dutch government’s 

response faced significant challenges, including widespread protests 

from farmers, underscoring the di@iculty of balancing ambitious 

environmental goals with the socio-economic costs to farmers (Tullis, 

2023). These protests highlight the complexities of building trust among 

stakeholders and addressing concerns about production leakage48 to 

other EU countries and outside the EU, which could conflict with union-

wide sustainability objectives. 

d) A protein transition can be viewed as a threat by farmers, based on 

distrust of the envisioned changes (Koole, 2022). This is also reflected by 

the skepticism with which the production of protein crops is approached 

(Degieter et al., 2023). While farmers often see a need for change and 

may be willing to change, they will not do so due to the perceived 

riskiness (Craft & Pitt, 2024). This suggests that it would not su@ice to 

meet farmers with financial incentives as they need to gain trust in the 

 
48 Production leakage refers to the shift of production activities from one region, country, or sector to 

another, often as a result of regulatory, economic, or environmental pressures. While the term is commonly 

used in the context of climate change, agriculture, and trade, it generally describes situations where eXorts 

to reduce environmental or social impacts in one area leads to increased impacts elsewhere. 
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success of alternative production systems, which may require time and 

enough pioneers in the field.  

(67) A transition to more healthy and sustainable diets that generally contain higher 

levels of fruits, vegetables, and other plant-source foods and less meat compared to 

current diets tends to increase the costs of the total food basket for consumers 

compared to current diets. A@ordability could, therefore, become a concern for a larger 

share of the population. However, the a@ordability of diets varies depending on the 

individual food choices that would result from switching to a more healthy and 

sustainable diet, making comparisons across studies di@icult. In addition, indirect costs 

such as those for health care are rarely considered in a@ordability calculations, 

underscoring the importance of considering the level of analysis in economic 

evaluations of protein transition (e.g., consumer vs national level and including 

externalities or not).  

a) Compared to current diets, healthier diets and those with a higher share 

of plant-sourced foods have shown to be more expensive for consumers 

(Chungchunlam & Moughan, 2024; Darmon et al., 2004; Hirvonen et al., 

2020; Springmann et al., 2021; Verly-Jr et al., 2022). However, this largely 

depends on the region studied and the costs of the current diet 

(Springmann et al., 2021). Most studies agree that replacing a certain 

share of animal-source foods with plant-sourced foods does not have to 

be more expensive (Hoho@ et al., 2022) but that such diets are more 

likely to become una@ordable for populations in low-income regions 

where nutritional insu@iciencies are also most prevalent (Gatto et al., 

2023). In that regard, observational studies show that individuals on a 

plant-based diet can spend both less (Lusk & Norwood, 2016; Pais et al., 

2022) and more (Hoho@ et al., 2022; Pais et al., 2022) on food than 

omnivorous consumers. Still, vegan diets are often more expensive than 

vegetarian diets (Berners-Lee et al., 2012; Hoho@ et al., 2022). 

b) Internalising costs of so-called externalities, e.g., climate change or 

health care costs, reduce the costs of a plant-based food basket 

(Springmann et al., 2021). Estimations show that, based on the health 

benefits of reducing meat and increasing unprocessed plant-source 

foods, healthcare costs can be substantially reduced (Crosland et al., 

2019; Lo et al., 2024; Lucas et al., 2023), e.g., costs related to poor diet 

have been estimated at £5.8 billion in the UK (Scarborough et al., 2011). 
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In addition, policy instruments that account for external costs of animal 

production (Statement (13)a)) lead to reduced prices of plant-sourced 

food baskets. However, the extent to which internalising costs can 

reduce the food basket is di@icult to predict as this relies on factors that 

are di@icult to quantify.  

(68) Value chains of commodities with high-income elasticity demand require carefully 

designed interventions to prevent unintended consequences such as leakage e@ects.  

a) Several scholars have explored the theoretical e@ects of measures that 

could be implemented under the guise of a protein transition extending 

to the food system. The impacts of the Green Deal’s Farm to Fork (F2F) 

and Biodiversity Strategies are investigated under di@erent scenarios 

(e.g., Barreiro Hurle et al., 2021; Beckman et al., 2020; Schiavo et al., 

2023). Among other measures, such strategies advocate for a shift 

toward healthier, more sustainable diets with increased consumption of 

plant-based foods. These studies suggest that implementing production 

measures that are part of the F2F and Biodiversity strategies, without 

corresponding shifts in consumption patterns, could lead to reductions 

in the EU’s agricultural production, a decline in EU export shares, and an 

increase in food imports to the EU (Barreiro Hurle et al., 2021; Beckman 

et al., 2020). Moreover, such production measures without the changes 

in consumption patterns in the EU risk increasing global food prices, 

thereby accelerating food insecurity outside of the EU (Beckman et al., 

2020; Schiavo et al., 2023) 

b) Another risk in value chains with high price elasticity is the displacement 

of production to regions with less stringent environmental regulations 

and less resource- and climate-e@icient systems, a phenomenon known 

as leakage (European Court of Auditors, 2021; Jansson et al., 2021; Zech 

& Schneider, 2019). Such leakage e@ects would imply higher total 

resource inputs to food production and greater emissions per kilogram 

of product, undermining overall improvements of transboundary 

environmental sustainability issues (European Court of Auditors, 2021; 

B. Henderson & Verma, 2021). For example, 75% of the GHG emissions 

reduction from VCS for ruminant sectors in the EU would theoretically 

be o@set by emission leakages through production increases (to meet 

constant demand) in countries like Brazil and India, where production 
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methods are more commonly emission-intensive than in the EU 

(Jansson et al., 2021). Similarly, applying GHG emissions taxes on meat 

in the EU has been shown to alter trade dynamics, such as increasing 

exports, which can dilute the expected environmental benefits (Zech & 

Schneider, 2019). Addressing this risk requires coordinated international 

e@orts and policies to prevent displacement of environmental and 

social burdens across borders (B. Henderson & Verma, 2021; Jansson et 

al., 2021). 
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