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Abstract  

Given the transgression of the Earth’s Planetary Boundaries – partially driven by agriculture, evaluating 

the sustainability of the current food system, and specifically protein production is a necessity. This 

report aims to provide a holistic approach in determining whether a protein transition makes the case 

for a sustainable food system in the European Union by first conducting a Life Cycle Assessment meta-

analysis of the impacts of animal- vs. plant-based proteins, and second, based on the Doughnut 

Economic framework, evaluating the socio-economic externalities associated with the current levels of 

animal protein production through a posthumanist lens. The analyses conclude that the protein 

transition makes a case for a biophysically sound and socio-environmentally just food system, as the 

weight and amount of animal protein production and consumption negatively impair the system’s 

efficiency and socio-environmental sustainability. While a protein transition is imperative to remain 

within the planets boundaries, it would need to ensure a solid social foundation to be just, which would 

require changing various other elements of the food system. To this extent, the protein transition may 

surely contribute significantly to a biophysically sound and socio-environmentally just food system, but 

it should not be considered as the one single remedy to fix a broken and unsustainable food system.   

Abbreviations 

C2H4eq Ethylene equivalent 

CAP  Common Agricultural Policy 

CFC-11eq  Trichlorofluoromethane equivalent 

CML  Institute of Environmental Sciences  

CO2eq.   Carbon Dioxide Equivalent  

EU  European Union 

FAO  Food and Agriculture Organization 

GHG  Greenhouse Gas Emissions 

GWP  Global Warming Potential 

Ha  Hectare 

ILCD  International Reference Life Cycle Data System 

LCA  Life Cycle Assessment/Analysis 

PO4eq  Phosphate equivalent 

Sb eq  Antimony Equivalent 

SO2eq  Sulfur Dioxide equivalent 

USDA   United States Department of Agriculture  
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1.  The Challenge:  

With a world population projected to reach 9 billion people by 2050 and 11 billion by the end of 

the 21st Century, together with increase in wealth, food demand is expected to increase by ~70% relative 

to 2007 consumption levels — when the world population was 6.6 billion people.1,2 To satisfy future food 

demand, food security concerns must be complemented by the need to safeguard the safe operating 

space for humanity — the planetary boundaries — when conducting agricultural activities. Rockström et 

al. (2009) define the planetary boundaries as (1) climate change, (2) loss of biosphere integrity, (3) nitrogen 

and phosphorus flows to the biosphere and oceans, (4) land system change, (5) ocean acidification, (6) 

freshwater consumption and the global hydrological cycle, (7) stratospheric ozone depletion, (8) 

atmospheric aerosol loading, and (9) chemical pollution and the release of novel entities.3 Based on the 

planetary boundaries framework, Campbell et al. (2017) explored the contribution of agriculture in 

destabilising Earth boundaries.4 They concluded agriculture is a major driver of the transgression of the 

biosphere integrity and biogeochemical flows boundaries; as well as a significant driver of land system 

change, freshwater use, and climate change boundaries proceeding to the zone of uncertainty beyond 

the safe operating space for humanity.5  Accordingly, the challenge is to develop the food system in 

such a way that it provides a higher quantity of food which remains adequate and nutritious for over 9 

billion people, while reconciling agricultural activities with long-term sustainability requirements and 

within the limits of the planetary boundaries. 6  

Proteins are essential to human nutrition, and a crucial element in ensuring food security.7 

Although protein sources can be either animal- or plant-based, various factors over the past century 

have contributed to increase demand and supply of animal-based proteins. From meat being perceived 

as reflecting a high social status — previously in developed areas of the world and now increasingly in 

various developing areas,8 to financial incentives to intensify production of animal-based proteins, meat 

consumption increased fivefold since the 20th century, reaching 72 billion animals killed for meat in 2018.9 

The past and projected increases in animal-based proteins production and consumption warrant 

consideration, as experts argue that diets are a major link between human health and environmental 

sustainability.10, 11, 12 In this respect, discussions surrounding protein sources in human diets revolve 

 
1 “Population, Total - World | Data,” accessed January 24, 2022, 
https://data.worldbank.org/indicator/SP.POP.TOTL?end=2007&locations=1W&name_desc=false&start=2007. 
2 Food and Agriculture Organization of the United Nations, ed., The Future of Food and Agriculture: Trends and Challenges (Rome: Food and 
Agriculture Organization of the United Nations, 2017). 
3 Johan Rockström et al., “A Safe Operating Space for Humanity,” Nature 461, no. 7263 (September 2009): 472–75, 
https://doi.org/10.1038/461472a. 
4 Bruce M. Campbell et al., “Agriculture Production as a Major Driver of the Earth System Exceeding Planetary Boundaries,” Ecology and Society 
22, no. 4 (2017), https://www.jstor.org/stable/26798991. 
5 Bruce M. Campbell et al., “Agriculture Production as a Major Driver of the Earth System Exceeding Planetary Boundaries,” Ecology and Society 
22, no. 4 (2017): art8, https://doi.org/10.5751/ES-09595-220408. 
6 Dieter Gerten et al., “Feeding Ten Billion People Is Possible within Four Terrestrial Planetary Boundaries,” Nature Sustainability 3, no. 3 (March 
2020): 200–208, https://doi.org/10.1038/s41893-019-0465-1. 
7 A. McLeod and Food and Agriculture Organization of the United Nations, eds., World Livestock 2011: Livestock in Food Security (Rome: Food 
and Agriculture Organization of the United Nations, 2011). 
8 Frithjof Nungesser and Martin Winter, “Meat and Social Change: Sociological Perspectives on the Consumption and Production of Animals,” 
Österreichische Zeitschrift Für Soziologie 46, no. 2 (June 2021): 109–24, https://doi.org/10.1007/s11614-021-00453-0. 
9 “Number of Animals Slaughtered for Meat,” Our World in Data, accessed February 3, 2022, https://ourworldindata.org/grapher/animals-
slaughtered-for-meat. 
10 David Tilman and Michael Clark, “Global Diets Link Environmental Sustainability and Human Health,” Nature 515, no. 7528 (November 2014): 
518–22, https://doi.org/10.1038/nature13959. 
11 Walter Willett et al., “Food in the Anthropocene: The EAT–Lancet Commission on Healthy Diets from Sustainable Food Systems,” The Lancet 
393, no. 10170 (February 2019): 447–92, https://doi.org/10.1016/S0140-6736(18)31788-4. 
12 Michael A Clark et al., “Multiple Health and Environmental Impacts of Foods,” Proceedings of the National Academy of Sciences 116, no. 46 
(November 12, 2019): 23357–62, https://doi.org/10.1073/pnas.1906908116. 
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around their different impacts on long-term food system sustainability as well as human health.13,,14,,15 

Moreover, various stakeholders, ranging from scientists to civil society organisations call for a shift 

towards plant-based proteins for socio-environmental reasons — because the overall production of 

protein sources causes various environmental problems16,,17 while increased consumption is linked to 

obesity and other pathologies.18, ,19 Meanwhile, plant-based foods seemingly present both environmental 

and health benefits.20, 21  The culmination of such considerations resulted in the conceptualisation of a 

“protein transition” as part of a food systems sustainability transition, which Wageningen University of 

Research defines as: “the shift away from the consumption of animal proteins towards vegetable and 

new protein sources.”22 

The growing body of literature surrounding the implications of a protein transition does not 

provide a holistic approach on the topic, accounting for Life Cycle Assessments (LCAs) of both plant-

based and animal-based protein products and their comparisons, while evaluating the social 

implications of such LCA results and other related externalities. Therefore, this report addresses the 

anticipated strengths and weakness of the protein transition currently understood as the shift away from 

animal protein to plant-based and new protein sources, by investigating the following question:   

 

To what extent does the protein transition make a case for food system sustainability? 

 
 This problematic is addressed through two dimensions, namely by analysing to what extent the 

protein transition contributes to a biophysically sound food system, and to what extent the protein 

transition makes a case for a socio-environmentally just food system. Having discussed and answered 

these questions, this report further outlines recommendations to relevant stakeholders and future 

research, as well as pathways towards a sustained protein transition.  

 

2. Approach 

This work was commissioned by the Agrifood Hub of the Leiden-Delft-Erasmus Centre for 

Sustainability, represented by Coen Hubers and Dick Veerman for this project. The Agrifood Hub’s 

research focuses on how to fulfil today and tomorrow’s demand for food globally while safeguarding 

scarce resources, developing innovative solutions, and realising sustainable business driven value 

chains. Their approach aims at considering both the long-term societal and environmental challenges 

in agriculture, while keeping in mind the short-term limitations of a competitive environment and fixed 

investments. One of their areas of interests includes the protein transition.  

 
13 Clark et al. 
14 Tilman and Clark, “Global Diets Link Environmental Sustainability and Human Health.” 
15 Harry Aiking, “Future Protein Supply,” Trends in Food Science & Technology 22, no. 2–3 (March 2011): 112–20, 
https://doi.org/10.1016/j.tifs.2010.04.005. 
16 David Tilman et al., “Agricultural Sustainability and Intensive Production Practices,” Nature 418, no. 6898 (August 2002): 671–77, 
https://doi.org/10.1038/nature01014. 
17 David Pimentel and Marcia Pimentel, “Sustainability of Meat-Based and Plant-Based Diets and the Environment,” The American Journal of 
Clinical Nutrition 78, no. 3 (September 1, 2003): 660S-663S, https://doi.org/10.1093/ajcn/78.3.660S. 
18 Alan Fappi and Bettina Mittendorfer, “Dietary Protein Intake and Obesity-Associated Cardiometabolic Function,” Current Opinion in Clinical 
Nutrition & Metabolic Care 23, no. 6 (November 2020): 380–86, https://doi.org/10.1097/MCO.0000000000000689. 
19 Harry Aiking and Joop de Boer, “The next Protein Transition,” Trends in Food Science & Technology 105 (November 2020): 515–22, 
https://doi.org/10.1016/j.tifs.2018.07.008. 
20 David A. Cleveland and Quentin Gee, “Plant-Based Diets for Mitigating Climate Change,” in Vegetarian and Plant-Based Diets in Health and 
Disease Prevention (Elsevier, 2017), 135–56, https://doi.org/10.1016/B978-0-12-803968-7.00009-5. 
21 Sara González-García et al., “Carbon Footprint and Nutritional Quality of Different Human Dietary Choices,” Science of The Total Environment 
644 (December 2018): 77–94, https://doi.org/10.1016/j.scitotenv.2018.06.339. 
22 “Protein Transition,” WUR, September 20, 2019, https://www.wur.nl/en/show/Dossier-Protein-transition.htm. 
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The Commissioner requested a nuanced and holistic approach to the sustainable production of 

protein sources due to emerging concerns and movements encouraging for a protein transition. Hence, 

this work investigates the contribution of the protein transition to a biophysically sound and ethically just 

food system, as mentioned. For the former, the Commissioner expected a rational, more quantitative 

approach — with a focus on the European Union (EU). For the latter, the Commissioner suggested using 

a posthumanist lens on socio-environmental justice.  

Given the broadness of the topic and the different interpretations of dietary transitions in the 

literature, this report is limited to the European context — where discussions on the protein transition are 

most prevalent. Europe is one of the global regions with the highest rate of (animal) protein consumption 

— together with North America and Oceania — and with a relative influence on global dietary patterns 

through the Western diet model.23 The report further integrates social, economic, political, and ethical 

dimensions of shifting towards more plant-based diets in order to answer this problematic in a 

transdisciplinary manner. Transdisciplinarity is also reflected the use of a quantitative approach to 

establish a meta-analysis of LCAs and the use of a qualitative analysis of the literature relevant to build-
on the LCA results and answer the questions quantitative elements alone could not.  

As of the approach regarding a socio-environmentally just food system, posthumanism served 

the qualitative analysis of externalities which could not be analysed through the LCAs alone — namely, 

socio-economic, health, and animal welfare.24 Posthumanism consists of a philosophical lens which 

groups theories that consider human beings as part of an interconnected whole with other non-human 

entities and networks — rather than seeing humans as a self-appointed and supreme actor on planet 

Earth.25 Posthumanism thus recognises agency and meaning in all other non-human life forms and 

entities, and provides a framework for a world of companionship, interrelationship, networks, and 

assemblages between and among human and non-human entities.26 To this extent, one of the 

theoretical lenses posthumanism connects with is ecocentrism — which contends that (human and non-

human) nature should be respected and protected for their intrinsic value, rather than being granted 

rights and protection within the limits of its instrumental value.27  

Posthumanism thus offers an alternative path to inspect how the built relationship between 

humans and non-humans in the present food system influences how sustainable it is,28 namely in terms 

of food security, (in)equality, socio-environmental (in)justice, as well as inter- and intra-species 

(in)justice.29,,30 Posthumanism therefore entails seeing non-human entities as agents with whom we 

interact with through our activities, and not as mere subjects.31 While this entails a change of the 

prevailing perception that humans are agents over non-human entities, this does not necessarily lead to 

 
23 This paper understands the Western diet as a diet consisting of high intakes of conventionally-raised animal products, red meat, processed 
meat, high-fat dairy products, eggs, as well as pre-packaged foods, refined grains, high-sugar intakes (through drinks, sweets, and candies), 
fried foods, and starchy vegetable — and low intakes of unprocessed foods, fruits, vegetables, seeds and nuts, whole grains, pasture-raised 
animal products, fish.   
24 See “3. Methods” section for further details.  
25 Sarah Elton, “Posthumanism Invited to Dinner: Exploring the Potential of a More-Than-Human Perspective in Food Studies,” Gastronomica 
19, no. 2 (May 1, 2019): 6–15, https://doi.org/10.1525/gfc.2019.19.2.6. 
26 Elton. 
27 KATHERINE V. Kortenkamp and COLLEEN F. Moore, “ECOCENTRISM AND ANTHROPOCENTRISM: MORAL REASONING ABOUT 
ECOLOGICAL COMMONS DILEMMAS,” Journal of Environmental Psychology 21, no. 3 (September 1, 2001): 261–72, 
https://doi.org/10.1006/jevp.2001.0205. 
28 Elton, “Posthumanism Invited to Dinner.” 
29 Christophe Béné et al., “When Food Systems Meet Sustainability – Current Narratives and Implications for Actions,” World Development 113 
(January 1, 2019): 116–30, https://doi.org/10.1016/j.worlddev.2018.08.011. 
30 Elton, “Posthumanism Invited to Dinner.” 
31 Elton. 
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an unconditional right to life for non-human entities — the right to life not being unconditional to human 

beings either. However, this approach serves as an analytical baseline which induces us to reflect on the 

present brutality of our normal(ised) relations with non-human animals — and by extension with 

ourselves.32 As Haraway (2008) puts it, multispecies interrelationships — and by extension posthumanism 

— includes various contradictory truths, yet changing our perception that killing a sentient animal is 

killing someone, not something, presents the beginning of serious accountability inside worldly 

complexities33 — arguably needed for a shift towards a sustainable food system.  

Analysing the current food system from a posthumanist lens may however present practical 

limitations, as this entails requestioning the entire Eurocentric and anthropocentric paradigm behind the 

status quo. Therefore, the report also considers the Doughnut Economic approach established by Kate 

Raworth (2017) to contextualise the findings and establish various recommendations (See Figure 1).  

The Doughnut economy framework connects the planetary boundaries developed by 

Rockström et al (2009)34 with socio-economic indicators such as social equity, income, and work, or 

health, just to name a few.35 To this extent, it acknowledges that our economic system should operate 

within fundamental socio-economic basics and the planetary boundaries to achieve human well-being 

— which can be applied to the agri-food system so that it provides a social foundation ensuring 

everyone’s needs while remaining within the planetary boundaries. 

 
 

Figure 1: The Doughnut Economic Framework (in Green) and the current shortfall of the social 
foundation and overshoot of the planetary boundaries, Kate Raworth (2017)36  

 
 
 
 
 

 
32 Donna Jeanne Haraway, When Species Meet, Posthumanities 3 (Minneapolis: University of Minnesota Press, 2008), pp. 105 - 106. 
33 Haraway, p.105. 
34 Rockström et al., “A Safe Operating Space for Humanity,” September 2009. 
35 Kate Raworth, Doughnut Economics: Seven Ways to Think Like a 21st-Century Economist (Random House Business Books, 2017). 
36 “Doughnut | Kate Raworth,” April 28, 2013, https://www.kateraworth.com/doughnut/. 
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3. Methods 
 

3.1. Literature Review Methods  
 

To better understand the discussion around the protein transition in the scientific literature, as 

well as to conduct the analyses of the LCAs and the externalities, a thorough literature review has been 

conducted using academic search engines such as Science Direct, Google Scholar, Francis and Taylor, 

and Elsevier. The key words used in the search included: protein transition, life cycle assessment, or 

planetary boundaries (a detailed list can be found in the Appendix). Subsequently, academic articles 

were retrieved from the reference lists of flagship papers. Ideally, articles concerning LCAs should not 

have been older than 10 years, however, some key papers on LCA research have been written earlier 

than that, which is why these were also considered. Additionally, the PROFETAS research programme 

offered an important starting point for research as the authors have extensively worked on protein 

transition since the 1999. The authors retrieved a considerable amount of information from the 

publications on the PROFETAS website dating from 1999 to 2022.37 

 

3.2. Food Systems Analysis 

To determine the contribution of the protein transition to a sustainable food system, this paper 

adopts a food systems analysis approach. According to  Alarcon et al., (2021), a food systems analysis 

consists of examining the various aspects of the given system.38 The general objectives of food systems 

studies are (1) determining the efficiency of the system, (2) quantifying externalities, (3) understanding 

people’s behaviours and purposes, (4) understanding the evolution of the system, (5) assessing the 

consequences of changes, as well as (6) identifying the risk hotspots of the system. For this research, 

especially the aspects of determining system efficiency, quantifying the externalities, as well as 

understanding the evolution of the system will be of importance.39   

This method provides a holistic approach to analysing a food system, in that it not only considers 

impacts in terms of pure numbers, but also accounts for social, environmental, and economic aspects, 

their intersection, as well as the implications of these impacts. While not every aspect of this framework 

is applicable to the research at hand, it provides an adequate point of analysis, especially for examining 

the externalities that go along with the production — and consumption — of both plant- and animal-

based proteins.   

 

3.3. Meta-Analysis of Lifecycle Assessments of Various Protein Sources   

The first sub-question of this project focuses on whether the protein transition makes a case for 

a biophysically sound food system. To answer this question, this paper conducted a meta-analysis of 

LCAs within the larger framework of the Food Systems Analysis, and then considered the environmental 

externalities, as well as the planetary boundaries that set the limits for a sustainable system. For animal-

based proteins, the focus was put on production in Europe, whereas plant-proteins were considered on 

 
37 “PROFETAS: Homepage,” accessed February 3, 2022, https://www.profetas.nl/. 
38 Alarcon, Pablo, Paula Dominguez-Salas, Eric M. Fèvre, and Jonathan Rushton. “The Importance of a Food Systems 
Approach to Low and Middle Income Countries and Emerging Economies: A Review of Theories and Its Relevance for 
Disease Control and Malnutrition.” Frontiers in Sustainable Food Systems 5 (2021): 92. 
https://doi.org/10.3389/fsufs.2021.642635.  
39 Alarcon, et al.  
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a global scale, due to their limited cultivation requirements in Europe. The LCAs have been gathered, 

and their data aggregated, according to each protein type, as well as the different impact indicators that 

were mentioned in each paper (see the Appendix for all proteins). We accounted for both cradle to farm 

and cradle to gate system boundaries, as the latter was especially prevalent for plant-based meat 

substitutes. The impact indicators most reported by the LCAs were: Global Warming Potential (GWP) (in 

kg Carbon Dioxide equivalent (CO2eq.)), Acidification (in kg Sulfur Dioxide equivalent (SO2eq)), 

Eutrophication (in kg Phosphate equivalent (PO4eq)), Photochemical Ozone Potential (in kg Ethylene 

equivalent (C2H4eq)), Ozone Layer depletion (in kg Trichlorofluoromethane equivalent (CFC-11eq)), as 

well as Abiotic depletion (in kg Antimony equivalent (Sb eq)). These indicators also corresponded to the 

ones most used in different accredited LCA methods, put together in the overview by Acero et al., 

(2016).40 A limitation that must be considered here is that while based on the Leiden Institute of 

Environmental Sciences (CML) methodologies, International Reference Life Cycle Data System (ILCD) 

2011 or ReCiPe – all following ISO standards 14040, no LCA was able to provide the same results, as 

there were differences in system boundaries, indicators assessed, functional units, or the calculation 

methods used for establishing the impacts.  

To gain a more standardised overview, all data was converted from the functional units into 1 

kg of protein, to establish a baseline for analysis. For animal-based proteins this accounted for 

conversion rates from kg live weight to kg carcass weight, which are ca. 0.55 for cattle,41 0.75 for 

chickens,42 and 0.74 for pigs.43 Since the dressing percentage is based on the live weight of the animal, 

the above values serve as an estimate, rather than set values. Furthermore, in case exact units were not 

given for meat products, the protein type was assumed as kg of meat, rather than kg of carcass 

weight.  To establish the conversion rates to protein for each product, the corresponding protein content 

was taken from either the United States Department of Agriculture (USDA) database,44 FAO reported 

values,45 or amounts reported in the reviewed papers. The exact protein contents can be found in the 

appendix.  

 

3.4. Analysis of Socio-Economic, Health, and Animal Welfare Externalities  

Having conducted the literature review, the three key issues most investigated by the reviewed 

papers consisted of socio-economic and health concerns, as well as animal welfare. As mentioned in 

Section 2, these provided the starting point for analysing non-environmental externalities of protein 

products, using a combination of posthumanism as a philosophical lens and the Doughnut Economics 

framework developed by Kate Raworth.  

The analysis of the status of the current system was followed by determining the projected 

impacts of a future protein transition and their position in the Doughnut Economic framework. 

Additionally, this report applied a posthumanism lens to the analysis, thereby not only examining how 

 
40 Aitor P. Acero, Andreas Ciroth, and Christina Rodríguez, “LCIA Methods: Impact Assessment Methods in Life Cycle Assessment and Their 
Impact Categories,” May 11, 2016, https://www.openlca.org/wp-content/uploads/2016/08/LCIA-METHODS-v.1.5.5.pdf. 
41 McKiernan, Bill. “Dressing Percentages for Cattle,” n.d., 3. 
42 Colt W. Knight, “Bulletin #2223, Understanding Poultry Yields - Cooperative Extension Publications - University of Maine Cooperative 
Extension,” Cooperative Extension Publications (blog), accessed December 11, 2021, https://extension.umaine.edu/publications/2223e/. 
43 D. D. Boler, “SPECIES OF MEAT ANIMALS | Pigs,” in Encyclopedia of Meat Sciences (Second Edition), ed. Michael Dikeman and Carrick Devine 
(Oxford: Academic Press, 2014), 363–68, https://doi.org/10.1016/B978-0-12-384731-7.00079-9. 
44 “FoodData Central,” accessed February 3, 2022, https://fdc.nal.usda.gov/fdc-app.html#/. 
45 The values were provided directly to the authors by their supervisor Nicolas Navarre, PhD in form of an Excel table and can be found in the 
Appendix for replicability purposes. 
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the current agricultural system impacts humans, but also providing an overview of how these impacts 

connect human and non-human entities.  

 

4. Biophysically Sound Food System: A Meta-Analysis of Different Protein Sources within the 
Planetary Boundaries  

  
4.1. Comparison within Indicators 

 
4.1.1.  Greenhouse Gas Emissions 

Greenhouse gas (GHGs) emissions constitute one of the main drivers of climate change, and 

their GWP is therefore one of the most analysed indicators of LCAs, especially in the agricultural sector. 

A total of 80 data points were assessed for animal-based proteins regarding this indicator, while 42 

plant-based proteins were examined, presented in Figure 2. The production of 1kg of protein emits 

between ca. 55 and 120 kg of CO2eq for beef, ca. 18 to 50 kg CO2eq for pork, ca. 30 to 50 kg CO2eq for 

eggs, as well as ca. 18 to 45 kg CO2eq for chicken, and between ca. 30 and 40 kg CO2eq for milk. Insects 

emit around ca. 4.35 to 20 kg CO2eq, thereby performing best for the animal-based proteins.  

Given scarce LCA data on grain legumes, especially as a sole crop, the different indicators here 

must be evaluated with caution. Generally, mushrooms (between ca. 95 and 150 kg CO2eq), as well as 

soy products (ca. 2 to 30 kg CO2eq) have the highest GWP, followed by beans (between 1 and 20 kg 

CO2eq) and grains (ca. 6 to 12 kg CO2eq). Meat substitutes emit between ca. 1 and 21 kg CO2eq, while 

plant milk emissions range from ca. 6 to 97 kg CO2eq, with one outlier of 700 kg CO2eq, due to the low 

protein content of the specific almond milk examined. Some of these high numbers might not 

necessarily be due to the inherent traits of the plant, but rather because of inefficient machinery and 

fertilizer application on the side of the farmers, as well as high energy usage necessary for 

greenhouses.46, 47, 48, 49 

Emissions associated with agricultural activities including land cover change have been 

estimated as accounting for 25% of the total anthropogenic GHG emissions.50 A further breakdown shows 

that 14.5% of the total anthropogenic GHG emissions are associated with livestock farming and its supply 

chain, i.e. feed crops and land-use change.51 The production of animal-based proteins therefore 

seemingly contributes to climate change more than plant-based proteins, ultimately contributing to 

rising mean temperatures, severe weather events, as well as sea-level rises.52 

 

 
46 Amin Nikkhah et al., “Environmental Impacts of Peanut Production System Using Life Cycle Assessment Methodology,” Journal of Cleaner 
Production 92 (April 1, 2015): 84–90, https://doi.org/10.1016/j.jclepro.2014.12.048. 
47 Cindybell Gamboa et al., “Sustainability of Smallholder Quinoa Production in the Peruvian Andes,” Journal of Cleaner Production 264 (August 
2020): 121657, https://doi.org/10.1016/j.jclepro.2020.121657. 
48 Georgios Bartzas and Kostas Komnitsas, “Life Cycle Analysis of Pistachio Production in Greece,” Science of The Total Environment 595 
(October 2017): 13–24, https://doi.org/10.1016/j.scitotenv.2017.03.251. 
49 Erica Dorr et al., “Life Cycle Assessment of a Circular, Urban Mushroom Farm,” Journal of Cleaner Production 288 (March 2021): 125668, 
https://doi.org/10.1016/j.jclepro.2020.125668. 
50 Campbell et al., “Agriculture Production as a Major Driver of the Earth System Exceeding Planetary Boundaries,” 2017. 
51 Pierre J. Gerber and Food and Agriculture Organization of the United Nations, eds., Tackling Climate Change through Livestock: A Global 
Assessment of Emissions and Mitigation Opportunities (Rome: Food and Agriculture Organization of the United Nations, 2013). 
52 Timothy M. Lenton et al., “Climate Tipping Points — Too Risky to Bet Against,” Nature 575, no. 7784 (November 2019): 592–95, 
https://doi.org/10.1038/d41586-019-03595-0. 
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Figure 2: Global Warming Potential for Different Protein Categories (per kg of protein)  

4.1.2. Acidification and Eutrophication Potential 

Next to GWP, acidification and eutrophication are the most examined indicators in many LCAs, 

especially those related to agricultural products. This can be attributed to the increasing reliance on 

synthetic fertilizer that accompanied the 1960s Green Revolution and intensification of the current 

agricultural system.53 For acidification potential, 54 animal-based and 14 plant-based proteins were 

considered. 

 As shown in Figure 3, values for acidification potential follow a similar pattern as GWP, since 

beef has the highest SO2eq. emissions with values ranging from 2.7 to 4 kg SO2eq., ca. 0.3 to 2.7 kg 

SO2eq. for pork, between 0.1 and 2.7 kg SO2eq. for eggs, as well as ca. 0.7 to 1.7 kg SO2eq. for chicken, 

and around 0.5 kg SO2eq. for milk. Insects account for the lowest amount of kg SO2 emitted by an 

animal-based protein, with values ranging from 0.05 to 0.15 kg SO2eq. Acidification potentials for plant-

based proteins were significantly lower, with mushrooms (ca. 0.2 to 0.4 kg SO2eq.), pea products (ca. 0.4 

kg SO2eq.), and beans (ca. 0.05 to 0.18 kg SO2eq.) reporting the highest values. Meat substitutes 

meanwhile comprise the lowest number, due to being processed in factories and differing system 

boundaries where only the production itself is assessed, and not the cultivation of the plant inputs. 

 

 
53 P. L. Pingali, “Green Revolution: Impacts, Limits, and the Path Ahead,” Proceedings of the National Academy of Sciences 109, no. 31 (July 31, 
2012): 12302–8, https://doi.org/10.1073/pnas.0912953109. 
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Figure 3: Acidification Potential for Different Protein Categories 

 

Eutrophication potential levels provide a similar picture to the indicators above: here, as visible 

in Figure 4. Here, 51 data points were available for animal-based proteins, while 15 were available for 

plant-based proteins.  

The highest PO4 values correspond once again with beef production, ranging from 0.07 to 1.88 

kg PO4 eq. Eggs follow with 0.68 to 0.9 kg PO4eq., with pork as the third-highest emitter (0.008 to 0.85 

kg PO4eq.). Chicken has a similar range of values, while milk and insects emit the least amount of PO4 

eq.  

Plant-based proteins have a lower eutrophication potential, with soy products (ca. 0.02 to 0.08 

kg PO4eq.) and beans (ca. 0.009 to 0.1 kg PO4eq.) having the highest values. The reported numbers of 

the remaining plant proteins are very low, ranging from ca. 0.006 kg PO4eq. (meat substitutes) to ca. 0.03 

kg PO4eq. (grains).  
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Figure 4: Eutrophication Potential for different protein types 

 

The Green Revolution framework of focusing on high-yielding monocultures and optimised 

fertilizer input has created a vicious cycle of soil degradation and lowered long-term productivity and 

yield losses due to e.g., fertilizer overuse.54 Apart from crops cultivated as a food source, crops grown 

for animal feed make up 35% total crop farming.55, 56 In addition to the manure produced by the animals, 

these feed crops factor into the nitrogen runoff caused by livestock farming, in turn accounting for 73% 

of water pollution and 80% of soil acidification.57 These trends can be confirmed by the meta-analysis 

conducted above, where animal-based proteins demonstrated the highest values for both the 

acidification and eutrophication potential indicators.  

The agricultural intensification through excess fertilization has put pressures on both terrestrial 

and aquatic ecosystems. According to Kopittke et al., 2021, the amount of nitrogen and phosphorous 

added to the soils by human activities (139 teragrams and 22 teragrams respectively) is more than double 

than the planetary boundaries established by Rockström et al. (2009)58, 59 and Steffen et al, 2015,60 which 

are 62 teragrams for nitrogen and 11 teragrams for phosphorous. In the case of nitrogen, high levels not 

 
54 Peter M. Kopittke et al., “Soil and the Intensification of Agriculture for Global Food Security,” Environment International 132 (November 2019): 
105078, https://doi.org/10.1016/j.envint.2019.105078. 
55 Jonathan A. Foley et al., “Solutions for a Cultivated Planet,” Nature 478, no. 7369 (October 2011): 337–42, 
https://doi.org/10.1038/nature10452. 
56 This estimate may however vary.  
57 Adrian Leip et al., “Impacts of European Livestock Production: Nitrogen, Sulphur, Phosphorus and Greenhouse Gas Emissions, Land-Use, 
Water Eutrophication and Biodiversity,” Environmental Research Letters 10, no. 11 (November 1, 2015): 115004, https://doi.org/10.1088/1748-
9326/10/11/115004. 
58 Johan Rockström et al., “A Safe Operating Space for Humanity,” Nature 461, no. 7263 (September 2009): 472–75, 
https://doi.org/10.1038/461472a. 
59 Kopittke et al., “Soil and the Intensification of Agriculture for Global Food Security.” 
60 Will Steffen et al., “Planetary Boundaries: Guiding Human Development on a Changing Planet,” Science 347, no. 6223 (February 13, 2015): 
1259855, https://doi.org/10.1126/science.1259855. 
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only potentially cause soil acidification,61 but also leach into the atmosphere and water bodies, 

increasing the ozone layer formation potential, as well as eutrophication of aquatic ecosystems.62 High 

levels of phosphorous have similar effects on soils and waterbodies, potentially leading to their 

eutrophication as well.63,,64  

Closely coupled to the issue of nutrient leaching is the aspect of water pollution, as well as water 

use for protein production. As mentioned, excesses of nitrogen and phosphorous lead to the acidification 

and eutrophication of water bodies,65 mostly due to agricultural activities related to livestock farming.66 

This in turn leads to aquatic biodiversity losses, and additionally affects drinking water quality.67 

 

4.1.3. Abiotic Depletion and Energy Use 

The two other more data scarce indicators to evaluate are abiotic depletion and energy use. 

Although similar, abiotic depletion describes the depletion of resources (e.g. fossil fuels to water or 

minerals), while energy use is determined by the amount of megajoules (MJ) required for producing the 

product.68 For abiotic depletion (Figure 5), animal proteins contribute more than plant-based ones. 

However, for energy use (Figure 6), mushrooms and meat substitutes score relatively high due to their 

production requirements (ranging from ca. 3000 to 5000 MJ and 97 to 268 MJ, respectively). Especially 

for mushrooms, energy use is high due to their low protein content, and the few LCAs available 

examining their cultivation in greenhouses – and in some cases on specialised substrates – both of which 

require the majority of the energy input in terms of heating and lighting costs.69, 70 These graphs must be 

considered with some caution though, as only a few datapoints on abiotic depletion were available for 

selected protein categories, and therefore cannot provide any determinate results. For abiotic depletion, 

24 animal-based and 5 plant-based protein sources were examined, while energy use counted 47 

animal-based and 8 plant-based proteins.  

These two indicators can be related back to the GWP aforementioned, since energy use and 

materials required to produce the different proteins in turn produce GHG emissions.71,72 While this report 

focuses on crops cultivated in the field – due to LCA availability, greenhouse cultivation and its related 

heating energy inputs form a considerable part of the current agricultural system.73 Additionally, fertiliser 

use, machinery – also in open-field cultivation, and livestock shelters require energy inputs, too.74 

 
61 Dashuan Tian and Shuli Niu, “A Global Analysis of Soil Acidification Caused by Nitrogen Addition,” Environmental Research Letters 10, no. 2 
(February 1, 2015): 024019, https://doi.org/10.1088/1748-9326/10/2/024019. 
62 Kopittke et al., “Soil and the Intensification of Agriculture for Global Food Security.” 
63 Peter M. Kopittke et al., “The Role of Soil in Defining Planetary Boundaries and the Safe Operating Space for Humanity,” Environment 
International 146 (January 1, 2021): 106245, https://doi.org/10.1016/j.envint.2020.106245. 
64 James N. Galloway et al., “The Nitrogen Cascade,” BioScience 53, no. 4 (2003): 341, https://doi.org/10.1641/0006-
3568(2003)053[0341:TNC]2.0.CO;2. 
65 Kopittke et al., “Soil and the Intensification of Agriculture for Global Food Security.” 
66 Leip et al., “Impacts of European Livestock Production.” 
67 Leip et al. 
68 Aito Acero, Ciroth, and Rodríguez, “LCIA Methods: Impact Assessment Methods in Life Cycle Assessment and Their Impact Categories.” 
69 Dorr et al., “Life Cycle Assessment of a Circular, Urban Mushroom Farm.” 
70 F. J. Leiva et al., “Environmental Impact of Agaricus Bisporus Cultivation Process,” European Journal of Agronomy 71 (November 1, 2015): 141–
48, https://doi.org/10.1016/j.eja.2015.09.013. 
71 Depending on the system boundaries of the LCA, some studies include energy use and abiotic depletion in the GWP indicator, which is why 
there might be less data on these two indicators 
72 Georgios K. Ntinas et al., “Carbon Footprint and Cumulative Energy Demand of Greenhouse and Open-Field Tomato Cultivation Systems 
under Southern and Central European Climatic Conditions,” Journal of Cleaner Production 142 (January 20, 2017): 3617–26, 
https://doi.org/10.1016/j.jclepro.2016.10.106. 
73 Koen Desimpelaere et al., “EIP-AGRI Focus Group Circular Horticulture Starting Paper,” 2017, 
https://ec.europa.eu/eip/agriculture/en/publications/eip-agri-focus-group-circular-horticulture. 
74 Marta Torrellas, Assumpció Antón, and Juan Ignacio Montero, “An Environmental Impact Calculator for Greenhouse Production Systems,” 
Journal of Environmental Management 118 (März 2013): 186–95, https://doi.org/10.1016/j.jenvman.2013.01.011. 
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Currently, these inputs mainly stem from fossil resources, thereby both contributing to climate change 

and to the depletion of natural resources.75,76 Shifting towards renewable energies is therefore necessary 

to achieve emission reductions in the sector, an undertaking requiring large-scale systemic 

transformations. 

 
 
Figure 5: Abiotic Depletion for Selected Protein Categories  

 
 

 
75 Ntinas et al., “Carbon Footprint and Cumulative Energy Demand of Greenhouse and Open-Field Tomato Cultivation Systems under Southern 
and Central European Climatic Conditions.” 
76 M. Canakci and I. Akinci, “Energy Use Pattern Analyses of Greenhouse Vegetable Production,” Energy 31, no. 8 (July 1, 2006): 1243–56, 
https://doi.org/10.1016/j.energy.2005.05.021. 
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Figure 6: Energy Use in MJ for Selected Protein Categories  

 

4.1.4. Other Indicators Considered  

Other indicators following the CML2000 method are Water Depletion, Ozone Layer Depletion, 

as well as Photochemical Ozone Potential. As the names suggest, both ozone-related indicators refer to 

gases that damage the ozone layer, ozone layer depletion indicates atmospheric gas concentrations, 

while photochemical ozone depletion relates to these gases on a ground level, directly affecting 

humans.77 However, data on these indicators is quite scarce, on one hand due to the generally low 

availability of LCAs for legumes and pulses, and one the other hand due to the aggregated effects of 

analysing the inclusion of legumes and pulses in crop rotations, making distinctions between each crop 

difficult.  

Only selected data points (n=10) for Photochemical Ozone Formation (kg C2H4eq.) are available 

for animal, as well as plant-based proteins, with pork and pistachios ranking the highest. This, however, 

does not consider missing values for beef and other protein categories which are possibly higher, and 

therefore, no final conclusions can be drawn for this indicator. The same holds true for Ozone Layer 

Depletion (kg CFC-11eq.), where only relatively few data points (n = 20) are available for selected animal 

and plant proteins.   

 

4.2. Results Not Quantified in LCAs 

4.2.1. Legume Crop Rotations 

Although seldomly examined in an LCA context, crop rotations are an important factor to keep 

in mind when investigating the impacts of plant proteins. Cai et al., (2018) found that winter legume-rice 

 
77 Acero, Ciroth, and Rodríguez, “LCIA Methods: Impact Assessment Methods in Life Cycle Assessment and Their Impact Categories.” 
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rotations were able to reduce carbon emissions by ca. 45%, as well as N losses. Furthermore, an analysis 

of pulse-oilseed-cereal rotations by MacWilliam et al., (2014) found a positive effect on all indicators by 

including pulses in the rotation.78 Reductions in GWP were about 25%, 24% for acidification, 8-20% for 

eutrophication, and 25% for ozone layer depletion. A third paper on grain legume rotations also reported 

positive impacts of grain legume crop rotations, especially on fertilizer reduction and thus GWP and 

human and eco-toxicity, due to soil nitrogen fixation.79 

All three studies reported slightly lower yields for the legumes introduced in the rotations, but 

similar or slightly higher yields for the other rotation crops. These findings can therefore serve to support 

the argument for an increased legume cultivation, not only for a higher plant-based protein supply, but 

also for its mostly beneficial environmental effects. The currently relatively low cultivation levels80 can 

be attributed to the increased yield stability that fertilisation and high yielding grain varieties provided 

since the 1960s, that in turn pushed aside the supposedly less reliant biological nitrogen fixation by and 

yield levels of legumes,81,82 thereby also lowering their production and value as a protein source. 

However, the LCA findings serve to support the argument for an increased legume cultivation, not only 

for a higher plant-based protein supply, but also for its mostly beneficial environmental effects.  

 

4.2.2. Water Use  

Another indicator rarely quantified by LCAs, but nevertheless important is water use. Livestock 

farming does not only contribute most to water pollution caused by agriculture as established above, 

but it also accounts for the highest levels of water use. According to Gerbens-Leenes et al. (2013), 

livestock farming requires 29% of all water use for agriculture — which makes up for 92% of the global 

freshwater footprint, mostly due to growing feed crops.83 This results in high requirements for blue but 

also green water necessary for the cultivation and irrigation of feed crops.84 Among the animal-based 

proteins, beef possesses the highest water use, however this depends on the farming system and type 

of feed composition.85 This is consistent with the results from the meta-analysis, where beef consistently 

accounted for the highest values in relation to the examined indicators, especially regarding acidification 

and eutrophication.   

 

4.2.3. Land Use Change and Biodiversity Loss  

A final important indicator to consider is land-use change. The current pressures on land are 

increasing as not only a larger population will require up to 70% more food, but also because the land 

degradation poses additional risks to food security, coupled with the food-feed-fuel competition, 

 
78 MacWilliam, S., M. Wismer, and S. Kulshreshtha. “Life Cycle and Economic Assessment of Western Canadian Pulse 
Systems: The Inclusion of Pulses in Crop Rotations.” Agricultural Systems 123 (January 2014): 43–53. 
https://doi.org/10.1016/j.agsy.2013.08.009. 
79 Thomas Nemecek et al., “Environmental Impacts of Introducing Grain Legumes into European Crop Rotations,” European Journal of 
Agronomy 28, no. 3 (April 2008): 380–93, https://doi.org/10.1016/j.eja.2007.11.004. 
80 Peter Zander et al., “Grain Legume Decline and Potential Recovery in European Agriculture: A Review,” Agronomy for Sustainable 
Development 36, no. 2 (June 2016): 26, https://doi.org/10.1007/s13593-016-0365-y. 
81 Christine A. Watson et al., “Chapter Four - Grain Legume Production and Use in European Agricultural Systems,” in Advances in Agronomy, 
ed. Donald L. Sparks, vol. 144 (Academic Press, 2017), 235–303, https://doi.org/10.1016/bs.agron.2017.03.003. 
82 Zander et al., “Grain Legume Decline and Potential Recovery in European Agriculture.” 
83 P.W. Gerbens-Leenes, M.M. Mekonnen, and A.Y. Hoekstra, “The Water Footprint of Poultry, Pork and Beef: A Comparative Study in Different 
Countries and Production Systems,” Water Resources and Industry 1–2 (March 2013): 25–36, https://doi.org/10.1016/j.wri.2013.03.001. 
84 Isabelle Weindl et al., “Livestock Production and the Water Challenge of Future Food Supply: Implications of Agricultural Management and 
Dietary Choices,” Global Environmental Change 47 (November 2017): 121–32, https://doi.org/10.1016/j.gloenvcha.2017.09.010. 
85 Gerbens-Leenes, Mekonnen, and Hoekstra, “The Water Footprint of Poultry, Pork and Beef.” 
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housing, and infrastructure. Agriculture is the main driver of land-use change, already occupying ~ 40% 

of the ice-free Earth surface using 1.5 billion hectares (ha) as cropland and 3.4 billion ha as pastures.86  

Estimates suggest livestock production systems account for 28% of the land surface in the EU, 

equivalent to 65% of the agricultural land in the EU.87 Livestock land distribution in the EU shows that 

around 84 million ha are used for grasslands, while 35 million ha are dedicated to the production of 

animal feed, which makes up 60% of the total cropland.88 Despite the large land allocation to produce 

animal protein, the EU imports 70% of crop proteins to feed animals.89 Accordingly, a recent study found 

argue that a shift in dietary patterns in the EU could spare agricultural land for other uses such as carbon 

sequestration strategies and/or bioenergy.90  

Such land-use patterns have considerable impacts on biodiversity. 30 % of terrestrial biodiversity 

loss in 2011 was attributed to livestock production indirectly through land use, nutrient leaching, and 

pesticide use.91 Livestock farming is one of the major drivers of habitat change, be it from livestock 

housing or feed production.92  For instance, cattle farming in Latin America and Africa has the highest 

impact on species extinction93 primarily due to conversion of forests for pasture and cropland.94, 95 While 

in Europe traditional grazing practices are considered beneficial for biodiversity,96 increased cattle on 

these lands results in overgrazing and sowing of grass, achieving the opposite effects.97 

 

4.2.4. Novel Proteins 

Novel proteins, e.g., insects, lab-grown meat, or algae, provide a further alternative for shifting from 

“traditional” animal-based proteins. While several LCAs of insects have been conducted and analysed 

in the meta-analysis results, the data on lab-grown meat, as well as algae is still scarce or challenging 

to specifically retrieve from the available literature. Sinke and Odegard (2021) found that 1kg of protein 

in cultivated meat emits up to 70kg of CO2eq when produced with a conventional energy mix. 98 If only 

renewable energy is used, the emissions lower to 10 kg CO2eq., since electricity for production makes 

up the largest part of cultivating the lab-grown meat.99 While only quantified graphically, the study 

further suggests that cultivated meat also scores lower than most animal-proteins in terms of the other 

indicators examined above, especially when produced with decarbonised energy.100  

 

 
86 Campbell et al., “Agriculture Production as a Major Driver of the Earth System Exceeding Planetary Boundaries,” 2017. 
87 Leip et al., “Impacts of European Livestock Production.” 
88 Bertrand Dumont, Pierre Dupraz, and Catherine Donnars, “Role, Impacts and Services Provided by European Livestock Production. Short 
Summary of the Collective Scientfic Assessment Report,” Other (INRA, 2016), https://doi.org/10.15454/rbay-1s15. 
89 Henk Westhoek et al., The Protein Puzzle: The Consumption and Production of Meat, Dairy and Fish in the European Union (The Hague: PBL 
Netherlands Environmental Assessment Agency, 2011). 
90 Zhongxiao Sun et al., “Dietary Change in High-Income Nations Alone Can Lead to Substantial Double Climate Dividend,” Nature Food 3, no. 
1 (January 2022): 29–37, https://doi.org/10.1038/s43016-021-00431-5. 
91 Westhoek et al., The Protein Puzzle. 
92 Henning Steinfeld et al., Livestock’s Long Shadow: Environmental Issues and Options (Rome: Food and Agriculture Organization of the United 
Nations, 2006). 
93 Alexandra Marques et al., “Increasing Impacts of Land Use on Biodiversity and Carbon Sequestration Driven by Population and Economic 
Growth,” Nature Ecology & Evolution 3, no. 4 (April 2019): 628–37, https://doi.org/10.1038/s41559-019-0824-3. 
94 Westhoek et al., The Protein Puzzle. 
95 Brian Machovina, Kenneth J. Feeley, and William J. Ripple, “Biodiversity Conservation: The Key Is Reducing Meat Consumption,” Science of 
The Total Environment 536 (December 2015): 419–31, https://doi.org/10.1016/j.scitotenv.2015.07.022. 
96 D. M. Broom, F. A. Galindo, and E. Murgueitio, “Sustainable, Efficient Livestock Production with High Biodiversity and Good Welfare for 
Animals,” Proceedings of the Royal Society B: Biological Sciences 280, no. 1771 (November 22, 2013): 20132025, 
https://doi.org/10.1098/rspb.2013.2025. 
97 Westhoek et al., The Protein Puzzle. 
98 Pelle Sinke and Ingrid Odegard, “LCA of Cultivated Meat. Future Projections for Different Scenarios,” CE Delft - EN, February 2021, 
https://cedelft.eu/publications/rapport-lca-of-cultivated-meat-future-projections-for-different-scenarios/. 
99 Sinke. 
100 Sinke.  
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4.3. Comparison between Animal-Based and Plant-Based Proteins  
In terms of GWP, plant-based proteins (except for mushrooms when looking at energy use — 

see Figure 6) score lower than animal-based proteins. The same holds true for acidification and 

eutrophication (see Figures 8, 9, 10). Energy use meanwhile tells a different story, due to the 

aforementioned high energy requirements for plant-based proteins cultivated in greenhouses (see 

Figure 11). Determining a general trend for the two indicators regarding impacts on the ozone layer 

meanwhile poses a challenge due to the few datapoints available. Reviewing the overall environmental 

impacts of livestock production, global warming potential accounts for the majority, as production of 

animal proteins is responsible for 15% of all anthropogenic emissions when considering CO2, CH4 and 

NO2.101, 102 

 

    
Figure 8: GWP for Protein Categories Figure 9: Acidification Potential for Protein 

Categories  

 
101 Gerber and Food and Agriculture Organization of the United Nations, Tackling Climate Change through Livestock. 
102 Although estimates may vary from one source to another.  
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Figure 10: Eutrophication Potential for Protein     Figure 11: Energy use for Protein Categories 
Categories     
 

Impacts on environmental indicators must be considered in the context of how much protein 

each kilogram of product contains — in other words: how much product needs to be produced to receive 

1 kg of protein. In terms of protein content, plant-based proteins provide similar levels as animal-based 

ones, meaning that the production of 1 kg of plant-based proteins can maintain lower levels of 

agricultural impacts – i.e., CO2 and methane emissions, or nutrient leaching, among others - while still 

producing similar amounts of protein. Figure 8 shows that certain plant-based proteins even score 

higher than animal proteins in terms of protein content, for example soy products, as well as different 

types of meat substitutes.  
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Figure 8: Protein Content of All Protein Categories 
  

Figure 9 suggests that for foods with high protein content, less product is necessary to receive 

1kg of product (plant milks not pictured due to graphical reasons). Therefore, shifting towards a higher 

consumption of plant-based proteins can be considered as more biophysically sound here. This is 

especially true if products like meat substitutes are produced with renewable energies, further lowering 

their impact.   

 

 
Figure 9: Kilograms of Product Necessary for 1kg of Protein 

 
The necessity of a shift towards a more sustainable diet becomes especially clear when 

considering the data from a consumption-based perspective. Distinguishing between a consumption of 



 21 

only plant-based proteins (vegan-friendly), a consumption of plant-based proteins, as well as dairy and 

eggs (vegetarian-friendly), and an omnivorous protein consumption reveals that while a vegan-friendly 

protein consumption fares best in terms of the examined impacts, already a vegetarian-friendly protein 

consumption could help reduce the negative effects an excess of the examined indicators will bring. 

Figure 10 shows the values for GHG emissions for each consumption category.  

 Conversely, research suggests that an exclusively vegan diet will require more land than small 

amounts of protein mostly derived from milk, as lower consumption of animal protein mostly sourced 

from grazing ruminant animals on marginal land will have a positive impact on land use efficiency.103 In 

terms of resource efficiency, it is important to acknowledge the role of animals in converting by-

products derived from crop production and food industry into protein-rich products such as milk and 

meat. Large populations cannot be supported neither by a vegan diet, nor by an omnivorous diet high 

in animal derived proteins, mostly due to land concerns. Hence the recommended intake of dietary 

protein derived from animal products ranges from 15 to 45% dependent mostly on the soil types 

available for food production.104 These findings contradict existing LCAs classifying the vegan and 

vegetarian diets as having lower land use requirements on the basis that previous LCAs do not account 

for synergies between land management, circular economy practices, and co-production of meat and 

milk.105  

 

 

 
103 Heleen R. J. Van Kernebeek et al., “Saving Land to Feed a Growing Population: Consequences for Consumption of Crop and Livestock 
Products,” The International Journal of Life Cycle Assessment 21, no. 5 (May 2016): 677–87, https://doi.org/10.1007/s11367-015-0923-6. 
104 Eva Gladek et al., “The Global Food System: An Analysis” (Amsterdam: Metabolic, March 2017), 
https://www.metabolic.nl/publications/global-food-system-an-analysis-pdf/. 
105 Van Kernebeek et al., “Saving Land to Feed a Growing Population.” 
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Figure 10: Global Warming Potential according to Protein Type Consumption 

  
4.4. Conclusion: A Biophysically Sound Food System and the Protein Transition:  

The previous sections lay open the various inefficiencies of the current agri-food system with 

respect to the current production of proteins — in Europe for animal-based proteins, and globally for 

plant-based ones — as well as their environmental ramifications, i.e., negative environmental 

externalities. As the meta-analysis suggests, the production of animal-based proteins carries with it large 

impacts in terms of GHG emissions, as well as the acidification and eutrophication of soils and aquatic 

bodies, consequently leading to a reduction in genetic diversity of flora and fauna, and the degradation 

of ecosystem functioning. Moreover, inefficient feed conversions and comparable protein contents to 

plant-based proteins imply further inefficiencies in terms of land-use, which affects and is affected by 

the above-mentioned consequences. Some thresholds of the planetary boundaries have already been 

passed by maintaining the current agricultural system. Finally, a recent study published by Sun et al. 

(2022) is consistent with our overall findings.106 They argue increased plant-based consumption — and 

therefore production — in high-income nations — including the EU — would not only reduce our carbon 

footprint (through a reduction of CO2eq. and subsequent GWP) but also increase carbon capture. 107 More 

specifically, the study found shifting towards plant-based diets could reduce as much as 61% of high-

income nations’ annual agricultural production emissions while sequestrating as much as 98.3 (55.6–

 
106 Sun et al., “Dietary Change in High-Income Nations Alone Can Lead to Substantial Double Climate Dividend.” 
107 Sun et al.,  
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143.7) GtCO2eq. — equal to ca. 14 years of current global agricultural emissions until natural vegetation 

matures. 108 

Thus, there is a need to refocus animal-based protein production on not only producing in a 

more sustainable manner, but also producing less. Instead, as reported in the non-LCA results, an 

increase in legume cultivation, especially as part of crop rotations, could serve to mitigate the above 

inefficiencies. The recommendations at the end of this report will elaborate on the further research and 

steps necessary to realise a more sustainable agricultural system that intents to reduce its impact on 

the planetary boundaries.  

  

5. A Socio-Environmentally Just Food System and the Protein Transition: Externalities  

5.1. Health Externalities  

The co-dependency of a healthy environment and healthy living beings is a central element of 

posthumanist thought. Approaching the health impacts of the agri-food system, through production and 

consumption, from a posthumanist perspective entails applying the term ‘healthy’ not only to the impact 

of dietary choices on human health but considering the impact that this choice has on non-human health 

as well.109   

The relationship between food and health has been exemplified during the Covid-19 pandemic, 

as the initial virus transmission likely occurred on a market for wild animals.110 The pandemic is 

representative of a global increase of viral diseases since 1980, with more than half of them of zoonotic 

origin.111 Previous disease outbreaks like Bovine Spongiform Encephalopathy or influenza diseases have 

shown the sanitary risk potential of intensive animal farming.112 Additionally, the intensified use of 

antibiotics in animal husbandry facilitates the emergence of multi-resistant bacteria, that cannot be 

treated by most antibiotics with the potential to be a threat to human health in the mid- to long-term.113 

Animal farming and the increased use of fertiliser are causing eutrophication and acidification 

of groundwater, as outlined in the LCA meta-analysis. The ongoing nitrogen crisis in European countries 

like the Netherlands can be partially attributed to intensified (animal) agricultural practices.114 

Furthermore, fertiliser runoff and excess manure have shown to be significantly impacting groundwater 

quality in Spain.115 Yet, a high nitrogen concentration in groundwater can be a health hazard to humans, 

for instance representing risks for children and infants and possibly increase the risk of cancer.116 

Moreover, our LCA results suggested animal-protein production contributes more significantly to GWP, 

implying higher CO2eq. emissions, than plant-based protein production. Although animal farming is not 

the only source of CO2eq. emissions and driver of GWP, it is interesting to see that higher levels of CO2 
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result in plants taking up less potassium, calcium, zinc, iron, and protein.117 Current forecasts of CO2eq. 

emissions for the end of the century suggest plants will lose ca. 8% in such nutrients.118 To this extent, 

environmentally damaging agricultural practices do impact the quality of the food produced. This would 

in turn impact humans, as such nutrients are vital for human health, particularly zinc and iron,119 which 

the human brain — specifically the hippocampus — needs.  

Through the ‘One Health’ program, the FAO aims to minimise the risks and impacts of zoonotic 

diseases by illustrating the interconnected relationship between non-human and human animals with 

environmental health.120 The program falls short in considering the power relations between humans 

and animals.121 Explicitly by framing the potential health risks as originating in non-human animals and 

primarily threatening human health, the ‘One Health’ approach detracts human involvement in this 

causal chain.122 Moreover, while the interdependency between ecosystems and human wellbeing is 

recognised, economic development and ecosystem health are often positioned as opposing 

objectives.123 To this extent, the Doughnut Economic framework reflects a better integrated approach 

towards this interdependency, as it views a healthy environment and access to freshwater not only as a 

prerequisite for human health but for economic development and social cohesion.124 While this approach 

may contradict with a posthumanist lens to the extent that it may come across as anthropocentric, it still 

accounts for the interdependency between human and non-human nature, which is closer to what a 

posthumanist philosophy conceives than the current system.   

An evaluation of the average Western diet reveals a vast overconsumption of protein and 

calories, which can be understood as a reason for the emergence of chronic diseases like diabetes and 

different forms of cancer.125 On the other hand, access to food and especially to protein remains a critical 

factor for human health as malnutrition remains a risk in European countries despite the overabundance 

of protein, usually related to imbalanced diets.126 The rationale behind dietary choices cannot be 

understood as homogeneous but as a reflection of the interplay between individual values, material 

circumstances, and the individuals’ societal experiences.127, 128, 129 Additionally, the level of consumer 

awareness on the environmental and health impact of their dietary choices can be a significant factor in 

reducing meat consumption.130 Facilitating this dietary shift is a core element of the ‘Farm to Fork 

Strategy’ and the European plan to ‘beat cancer’.131 Consumer agency in considering health and 

environment in their dietary choices is meant to be strengthened by improving access to information on 
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the impact of their dietary choices.132 In addition, the new regulation on veterinary medical products is 

part of the EU’s approach to tackle antimicrobial resistance by setting restrictions on the application of 

antibiotics in animal feed.133 European public health organisations welcomed this new legislation but 

emphasised the importance of supplementing it with improved policies on animal husbandry and animal 

health.134 Similarly, the European agricultural sector faces the challenges of strengthening the resilience 

of the industry to health risks arising through large scale husbandry, as well as the responsiveness to 

the demand of healthier products.135 

A posthumanist approach would rather approach phasing out of animal proteins, not only 

because non-human animals’ “shall not be made killable,”136 but because the lack of consideration for 

the health of ecosystems and non-human animal health inevitably impacts human health as well — for 

the various reasons aforementioned. However, a protein transition that is structured around the 

reduction of meat consumption and a stronger reliance on plant-based proteins could be a first step 

towards an improved relationship between the individual non-human animals who serve humans as 

food and health. A less intensive production of animal protein that adopts a posthumanist approach to 

the integration of health in its production will subsequently benefit human health — despite the practical 

limits of posthumanism.137 Besides, a proactive approach to reduce the outbreak and spread of diseases 

from the agricultural sector can minimise the subsequent economic burdens caused by pandemics — 

which further reinforce intra-species inequalities.138 

5.2. Socio-Economic Externalities  

As outlined in the meta-analysis of LCAs, animal-based protein production is associated to 

higher environmental damage on almost all indicators analysed therein than the production of plant-

based proteins. One of such indicators is GWP (Figure 10), which indicates the contribution of a given 

product to climate change,139 and therefore means that animal-based protein production has a higher 

contribution to climate change than plant-based protein production — as mentioned. Beyond its 

contribution to climate change, the agricultural sector itself is vulnerable to climate change, as outlined 

before (see i.e. 5.1. Health Externalities). In the context of socio-economic externalities, the European 

Environment Agency (EEA) in 2019 warned that crop and livestock production is expected to decrease 

or may have to be abandoned in certain parts of Europe’s southern and Mediterranean regions due to 

the increased negative impacts of climate change.140 This includes changes in temperature and 

precipitation, as well as weather and climate extremes, already negatively impacting crop yields and 
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livestock productivity in Europe.141,142 These also affect water availability needed for irrigation, livestock 

watering practices, processing of agricultural products, and transport and storage conditions.143 

In drastically impacting and changing processes of non-human nature and of the non-human 

environment, climate change impacts on agriculture will equally affect human beings — including 

European citizens. These impacts will negatively influence the agricultural sector through the price, 

quantity, and quality of food products, and by extension trade patterns, agricultural income, and food 

prices.144,145,146 This will jeopardise food security and nutrition globally, especially for people who directly 

depend on agriculture for their food and livelihood.147 Other impacts include the widening of inequalities 

caused by climate change, as marginalised and low-income communities and citizens living in areas 

which are more vulnerable to the effects of climate change and other stress factors — e.g. conflicts148 — 

are more exposed to the risks of diseases and famine (see for instance, Action Track 5, Food Systems 

Summit 2021).149 Mitigating or adapting to the effects of climate change is especially difficult for 

communities in a vulnerable position a consequence of structural barriers — e.g. climate education, 

infrastructure, or markets — or lower incomes.150   

However, and as mentioned, the demand for animal-based proteins is expected to rise based 

on current trends, although less importantly in Europe than in the rest of world.151,152 Trends regarding 

animal-based protein consumption and production in the EU however depend on policy decisions and 

scenarios made with respect to increasing, maintaining, decreasing and/or changing animal-based 

protein production and consumption.153,154 As it stands, the EU offers interesting prospects regarding the 

protein transition via the European Green Deal framework, for instance resulting in the Farm to Fork 

Strategy — a policy plan aiming to accelerate the transition to a sustainable food system through, for 

instance, neutral environmental impact, climate change mitigation and adaptation measures, as well as 

reversing the loss of biodiversity.155 Moreover, a 2018 report from the European Commission suggests 

the EU contributed to a positive market environment enabling the EU plant protein sector to grow 

dynamically thanks to the previous Common Agricultural Policy (CAP) providing several instruments that 

directly or indirectly recognise legume and other protein crops benefits from an environmental 

perspective.156 This included, for instance, greening through a crop diversification requirement and the 

 
141 European Environment Agency. 
142 J.P. Powell and S. Reinhard, “Measuring the Effects of Extreme Weather Events on Yields,” Weather and Climate Extremes 12 (June 2016): 
69–79, https://doi.org/10.1016/j.wace.2016.02.003. 
143 European Environment Agency., Climate Change Adaptation in the Agriculture Sector in Europe. 
144 European Environment Agency. 
145 Miodrag Stevanović et al., “The Impact of High-End Climate Change on Agricultural Welfare,” Science Advances 2, no. 8 (August 5, 2016): 
e1501452, https://doi.org/10.1126/sciadv.1501452. 
146 Donata Faccia, Miles Parker, and Livio Stracca, “What We Know about Climate Change and Inflation,” VoxEU.Org (blog), November 12, 2021, 
https://voxeu.org/article/what-we-know-about-climate-change-and-inflation. 
147 Stevanović et al., “The Impact of High-End Climate Change on Agricultural Welfare.” 
148 Although this is more relevant outside of the European Union.  
149 Saleemul Huq, Sandrine Dixson - Declève, and Mike Khunga, “Action Track 5 Solution Clusters” (United Nations World Food Programme, 
May 2021), https://foodsystems.community/members/mimansha/activity/5997/. 
150 Barros, Vicente R., Christopher B. Field, David Jon Dokken, Michael D. Mastrandrea, Katharine J. Mach, T. Eren Bilir, Monalisa Chatterjee et 
al. "Climate change 2014 impacts, adaptation, and vulnerability Part B: regional aspects: working group II contribution to the fifth assessment 
report of the intergovernmental panel on climate change." In Climate Change 2014: Impacts, Adaptation and Vulnerability: Part B: Regional 
Aspects: Working Group II Contribution to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change, pp. 1-1820. 
Cambridge University Press, 2014. 
151 This tendency also depends on policy decisions and scenarios made with respect to increasing, maintaining, or decreasing animal-based 
protein production and consumption. 
152 Westhoek et al., The Protein Puzzle. 
153 Westhoek et al. 
154 “REPORT FROM THE COMMISSION TO THE COUNCIL AND THE EUROPEAN PARLIAMENT on the Development of Plant Proteins in the 
European Union” (2018), https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52018DC0757. 
155 “Farm to Fork Strategy,” accessed February 2, 2022, https://ec.europa.eu/food/horizontal-topics/farm-fork-strategy_en. 
156 REPORT FROM THE COMMISSION TO THE COUNCIL AND THE EUROPEAN PARLIAMENT on the development of plant proteins in the 
European Union. 



 27 

possibility to grow certain nitrogen-fixing crops that are beneficial for biodiversity on Ecological Focus 

Areas157 pursuant to the previous CAP projects.158  

The EU formally adopted a reform of the CAP for 2023-2030 in December 2021, which the 

European Commission considers in line with the Green Deal, as it is “greener”, “fairer”, and “more 

performance based”, than the previous ones.159 The reform received much criticism from climate 

activists, civil society organisations, and green political parties.160, 161, 162, 163, 164, 165, 166 Such critiques against 

denounce an agreement that will fall short of social and environmental objectives for economic short-

term profits.167,168,169,170 Moreover, while the CAP reform touches upon reducing emissions in the livestock 

sector, it did not include any explicit provisions to reduce livestock.171,172,173,174 Measures ensuring 

environmental protection were only a minor element of the final reform — with only 20% of the direct 

payments of the 270 billion-euro subsidies amounting to be tied to “eco-schemes.”175, 176, 177, 178 These eco-

schemes refer to measures aimed at halting the impact of agriculture on climate and biodiversity, 

including provisions to reinforce and encourage animal welfare standards and the reduced use of 
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antibiotics.179,180,181,182 The lack of measures outlined in the CAP to decrease livestock farming appears 

even more problematic when farms with the largest areas will continue to receive the highest 

payments.183,184,185,186 However, introducing stronger animal welfare standards without explicitly 

introducing a common willingness on transitioning away from and decreasing livestock farming may 

indeed improve non-human animals’ welfare — however, still within the limits of their instrumental value 

— but may result in even more arable and grassland area used than now, partly due to lower feed 

efficiency.187  

 On top of a CAP reform that does not establish a clear ambition to reduce livestock, overall, 

EU’s trade and agricultural policies enabled availability of cheap feed, maintained prices of animal 

products competitive in the international market via export subsidies and import tariffs, as well as 

regulated the market through production quotas and buying excess agricultural products.188. 

Greenpeace (2019) estimated that between 69% to 79% of the previous CAP direct payments were 

directed to producers of fodder for animals or went directly to livestock producers as coupled support.189 

In 2017, this represented between 18 to 20% of the EU’s 157.86-billion-euro budget190 — which could 

instead be spent to assist a sustainable ecological transition, starting from the food systems. 

This is relevant in the context of the protein transition because current consumption patterns 

have been shaped by increased welfare and lower food prices, to which such policies have contributed 

to since post-World War II economic recovery and the early days of the CAP project — which resulted 

in a 50% increase in animal products intake in the period between 1961 and 2007. Increases in 

consumption of animal products in Europe during that time reflect a disproportionate contribution of the 

Europe Union’s and other high-income countries’ global GHG emissions associated with the production 

of animal-based products.191 Both the EU and other high-income countries represent 70% of emissions 

associated with the production of animal-based products, compared to 22% for low-middle income 

countries, accounting for both national and regional production capacity, but also emissions embodied 
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in international trade.192 While not specific to the EU, the impacts of EU’s growing meat and dairy industry 

disproportionately impact other regions of the world who are more vulnerable to climate change — 

sometimes on top of conflict or poverty — when they represent a minor contribution to the issue, which 

represents another case of intra-species inequality associated with the production of animal proteins.   

Rising incomes and a simultaneous drop in production costs have caused a global surge in the 

demand for meat. Subsidy schemes for livestock farming in CAP reforms and the liberalisation of labour 

laws enabled the growth of the EU’s meat and dairy industry.193 The free movement of labour and the 

eastward expansion of the EU granted employers a greater access to labour which has become a 

mainstay of the meat industry.194 However, especially the meat industry relies heavily on migrant 

workers,195 going up to 50% of the workforce of slaughtering in Italy196 and up to 69% of Germany’s 

workers within the four largest meat processing companies are posted workers.197,198 This reflects 

another case of how inter-species injustice relates back to intra-species injustice. (Migrant) workers are 

often employed through subcontracts — with terms “resembling modern slavery” according to 

Greenpeace,199 making them vulnerable to exploitation, as they are unable to enter collective bargaining 

agreements with their employers to negotiate for better wages and employment security.200,201 Long 

shifts in cold environments, monotonous and physically demanding labour, abusive practices like 

disproportionate wage deductions for housing or work tools, as well as disproportionality low pay 

compared to hours worked or experience are common in the industry, especially towards migrant 

workers..202,203 Beyond physically demanding labour, threatening workers’ physical health through higher 

risk of work-related musculoskeletal disorders,204,205,206 the mental health consequences such labour 

conditions can have on some workers are non-negligible. Various studies on slaughterhouse workers 

have reported various instances of maladjustment in the workplace — behaviour that deviates from 
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positive mental health and psychological well-being.207,208,209,210,211. These include emotional detachment, 

sleep disturbances, depression, concentration loss, and destructive social consequences such as 

substance abuse and violence.212 Developing diagnosable mental illnesses such as post-traumatic stress 

disorder, or due to this work context, a perpetrator-induced traumatic stress syndrome,213, 214  is also 

common. Yet, it is important to note that similar and other forms of exploitative structures also exist in 

European fruit and vegetable sector which equally depends on migrant workers and is complicit of 

abusive practices towards their employees. 215  

Such physically and demanding working conditions in the meat industry have contributed to a 

shortage of labour forces, which brings the industry looking at robotisation of meat processing 

procedure.216,217 While, on the one hand, this may prevent further human damage with fewer/no more 

workers being subjected to such intensive labour conditions, what is approached as a solution by the 

industry might be perceived as an extension of the problem — from a posthumanist perspective. Indeed, 

automating the entire process to meet the gap in labour fails to question and address why there is a gap 

in labour in the first place. To a posthuman extent, what harms non-human nature is ultimately harming 

human nature, as they are interdependent and interconnected, which from this perspective explains 

why there is gap in labour: the underlying violent nature of working in a slaughterhouse — towards non-

human animals — and in other areas of the industry,218, 219 is equally violent for (non-dominant) human 

beings. Moreover, substituting humans with robots in the industry will result in unemployment220 which 

will affect people in already precarious conditions — without the guarantee of assisting them to obtain 

another occupation. Furthermore, there is already a strong disconnect between meat and its animal 

origins on the consumer side,221 which relates to posthuman cartographic of ghost murder spaces, with 

the placing and enormous dimensions of these “factories” presented as blank in the map and built 

environment — effectively making them disappear from the eyes of human society. Automating the 

meat processing procedure will further reinforce this disconnection between humans and non-human 

animals killed for the instrumental value their flesh generates. This disconnect is especially interesting, 

as well as concerning, when dissociation currently prevents consumers from experiencing cognitive 

dissonance when consuming meat, even when they feel uncomfortable with the harming of animals this 
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entails.222 In relation to the EU’s ambition to render the livestock sector more sustainable, developing 

advanced (interspecies) mass-murder technologies as a direct result of extractivist capitalism will 

unlikely contribute to reducing livestock production but encourage it even more — and will therefore 

fail to significantly reduce the socio-environmental negative externalities associated with it.    

In addition to the disproportionate contribution of the production of animal-based proteins to 

various forms of environmental damages, which would jeopardise the stability of the agricultural and 

sector, elements of the agricultural and food sectors are exposed to oligopolistic market tendencies.223, 
224 These tendencies manifest themselves through a concentration of vital means of production 

throughout fewer actors along the agricultural value chain.225 Especially a restricted access to arable 

land proves a hinderance to smallholder farmers, which perpetrates the market concentration even 

further.226 These market dynamics and the increasing scarcity of resources could cause an increase in 

food prices up to 90 percent by 2030.227 These developments would threaten food security especially 

for low-income households. A protein transition could potentially mitigate such risks, as it would result 

in more availability since land used for feed crops can now be used for humans. Moreover, plant crops 

are most of the time cheaper — if we were to internalise externalities — than animal ones, so it would be 

more accessible.  Furthermore, animal proteins have negative health effects, whereas plant proteins are 

more nutritious in many ways, and switching towards a predominantly plant-based system would 

contribute to mitigating climate change and thus reducing the risks of the worst consequences of 

climate change, which would render the food system unstable. However, other elements such as lack 

of access to land for small farmers and market dominance by influential players in the agri-business 

market may act as barriers to the potential benefits a protein transition could result in.  

5.3. Animal Welfare  

Livestock farming in not only heavily relies on the exploitation of non-human animals to fulfil the 

increasing demand for animal-based proteins, but also to gain a maximum profit in an efficient manner. 
228, 229 Animals are kept and transported in poor conditions, with the associated risks of not only disease 

but also death considered as a common adverse side effect.230 While the risk of disease has been 

touched upon in the previous part, the ethical aspect of the animals’ right to live and be treated with 

respect, as sentient beings and not mere commodities, be considered, too.231 At present, the livestock 

sector has not escaped the prevailing notion of “human exceptionalism”, the mainstream premise of our 

society’s approach to ‘nature’ and the ‘environment’, setting humans as a distinct and superior entity than 

the rest of nature and their environment. Animals are commodified, their “welfare” remains within the 

limits of the instrumental/monetary value their flesh and secretions provide, rather than being 
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considered as entities with intrinsic value.232,233,234 This disconnect and resulting dualism between the 

nonhuman and human realms furthermore leads to an overshoot of the ideal operation zone as 

established by Raworth’s Doughnut Economic Model, where the intensification of livestock farming and 

thus exploitation of animals leads to adverse environmental effects – as established above - due to a 

lack of acknowledgement of animals as “recipients of justice [with] needs for a dignified and flourishing 

life.”235  

The disconnect is also apparent when considering the commodification of animals as a food 

product in relation to how consumers interact with animals, viewing them rather as abstract objects, than 

something interrelated with humans.236, 237 Despite an increasing awareness of European consumers on 

the importance of animal welfare standards,238 purchase attitudes have been less susceptible to this 

trend, also due to a lack of information.239,240 If consumers did consider animal welfare standards, they 

prioritised individual considerations like quality or food safety over the importance of wellbeing intrinsic 

to the animal,241 thereby purporting the idea of “human exceptionalism”, as mentioned above.  

Efforts have been made with regards to raising awareness on animal welfare, such as certain 

standards and labels, like the Dutch “Beter Leven” measure. It ranks living conditions along the supply 

chain from one to three stars, with systems that provide conditions better than the minimum standard 

receiving one star, and systems with increasingly improving circumstances receiving up to three stars.242 

Although an initiative for improvement, labels like these can still be considered to serve the goal of 

profitability by focusing solely on living conditions – thereby appealing to the consumers conscience 

instead of exposing the “less marketable” aspects of animal welfare science that focus directly on animal 

health and behaviour, such as tail-biting or lameness of animals.243,, 244 Furthermore, despite existing EU 

legislation on animal welfare,245 national differences in labels and standards still exist, rendering 

consumer and farmer information more complicated.  

Not only retailers and consumers play an important role in the discussion around animal welfare. 

Livestock farmers are perceived as key actors in implementing animal welfare standards, and although 

many farmers tend to bond with their animals,246 the prevailing attitude towards animal welfare 
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certification concerns itself with economic incentives rather than being ethically driven.247, 248 In this 

respect, the current functioning of the livestock industry does not meet the social foundation basis of 

what a Doughnut Economic model would ensure, as it fails to provide sufficient and stable income, as 

well as work security for farmers.249, 250 By extension, farmers cannot necessarily base their decisions 

according to ethically just or environmentally sound standards — as they must first focus on meeting 

their own needs;251 in return contributing to an excess of the ecological ceiling through their activity — 

and once more suggesting the interconnection between human and non-human well-being. Moreover, 

livestock industry interest groups heavily advocate for the maintenance of the current livestock system 

by focusing on aspects of circularity,252 detrimental impacts of vegetables from overseas, e.g., 

deforestation and water use,253 voluntary measures, as well as the prohibition of terms such as “veggie 

burger” or “plant milk.”254 Meanwhile, companies producing plant-based protein alternatives seek to 

transform the system by advocating for a turn away from the intensified livestock system as well as a 

reduction of animal-based protein consumption255,256,257 and therefore a return to the ideal operating 

space of the doughnut model. Despite the above legal barriers, the plant-based substitute sector 

managed to log increases in market share 258,259Nevertheless, while the products by these companies 

might meet the ecological boundaries of the doughnut model, as supported by the results of this reports 

meta-analysis, it does not mean they are free from market constraints like competition concerns and 

profit growth-oriented business models, as asset managers Blackstone recent investment in plant-milk 

company Oatly suggests.260  

Not only did plant-based market share grow, but also citizen engagement increased, with ca. 

1.6 million people signing the successful European citizens’ initiative to ban the use of cages in livestock 

farming261 and consequently driving forward European legislation on animal welfare262 and pathways 

towards a healthier human-animal interaction. Another campaign that takes a step beyond these efforts 

is the “Plant-Based Treaty”, which aims at halting all construction of new livestock farms, shifting towards 

a completely plant-based consumption, as well as restoring currently damaged ecosystems as a result 

of livestock farming.263 

The impacts of a protein transition in terms of animal welfare can be considered to appear in 

form of improved animal welfare standards and metrics, as the number of animals in the agricultural 
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system is most likely to reduce, and their role newly defined.264 Moreover, farming systems where 

livestock plays a lesser role compared to plant cultivation will become central to provide proteins in 

form of legumes, but also to grow ingredients for plant-based alternatives.265,, 266 Finally, the protein 

transition could result in a shift of thinking wherein a heightened respect for animals is reflected in more 

respectful behaviour towards all living beings.267   

  
6. Discussion & Recommendations:  

This projects two-part analysis points first to a trend of increased negative environmental 

externalities that is associated with an intensified production of animal-based proteins, resulting in the 

transgression of the planetary boundaries. However, as the second part of the analysis suggests, animal-

based protein production in its current form does not only lead to an excess of the planetary boundaries, 

but is also accompanied by an underperformance in terms of the social foundations laid out by Kate 

Raworth’s Doughnut Model (2017). A further intensification of livestock farming to cater for the projected 

increase in animal protein demand is characterised by adverse effects on human and animal health, 

human rights violations in terms of labour conditions, as well as insufficient farmer livelihoods resulting 

from a mismanagement of political and economic support, and the commodification of animals that 

disregards their intrinsic value and disperses the “human exceptionalism.” 

All in all, this report establishes that the protein transition would make a case for a sustainable 

food system, both on a biophysical and ethical basis, however, only if considerations on structural 

barriers are incorporated in determining solutions and pathways for change. The posthumanist lens 

employed in this approach serves to facilitate such a manner of thinking but is rather difficult to translate 

into targeted action plans. Therefore, Raworth’s Doughnut Model268 proves to be just as important, in 

that the following recommendations build on this reports analysis by aiming to provide a just and ethical 

social foundation, while staying within the planetary boundaries that provide the parameters for a safe 

operating space for humanity.  

 

We recommend the following:  

6.1. Increased Focus on Human and Non-Human Interconnections and Well-Being  

One of the key issues at hand is that the present agri-food system generally fails to consider 

well-being of most non-dominant actors involved — either human or non-human. Accordingly, we 

recommend that the concept of human and non-human mental and physical well-being shall be 

increasingly considered and introduced in the EU and respective Member States’ agricultural and 

environmental policy. We also recommend an increased recognition that, although anthropocentrism is 

difficult to overcome, it does not prevent us to try thinking beyond anthropocentric motivations and draft 

biophysically sound and socio-environmentally just measures accordingly. One could start with the 
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prohibition of all abusive practices in the industry — be it towards humans or non-human beings — and 

implement stronger enforcement mechanisms and stronger sanctions for failing to comply. 

Enforcement could be effective if a reward system was introduced for those who report such abuses 

with proof beyond reasonable doubt that such abuses in fact occurred.   

6.2. Redirect Subsidies and Public Investment Towards Transitionary Educational 
Schemes  

Despite the difficult working conditions and abuses occurring in the sector, it remains a 

substantial source of employment — and livelihoods — from farmers to workers in the processing 

factories. A protein transition could entail many people lose their occupation and end up in a more 

precarious situation than they currently are in. Therefore, should a protein transition be the EU’s target, 

it should redirect some of the (poorly redistributed) subsidies from the CAP towards funds supporting 

inter- and cross-sectoral re-education and training for those who would like to switch occupation or 

would be at risk of becoming unemployed because of the protein transition — in the area of their choice, 

while encouraging such professional reconversions towards a sustainable activity.  

6.3. Gradually Internalise Externalities in the Price of Animal Products 

A further incentive to encourage a reduction of animal products consumption on the consumer 

side would be internalising externalities associated with animal products in the price. Pieper et al. (2020) 

calculated the external climate costs for food and how much the price of animal-based products would 

increase — in Germany.269 The results suggest between a 71 to 146% price increases for organic and 

conventional meat products, and between a 40 to a 91% price increase for organic and convention dairy 

products — as opposed to 9 to 25% if climate externalities were internalised in organic and conventional 

plant-based products. 270 Concretely, internalising the price of such externalities would take the form of 

a meat tax. However, Guyomard et al. (2021) found that while consumption of red meat would be most 

impacted — because it would be the most taxed, due to higher negative environmental externalities, as 

outlined in our LCAs — the consumption of white meat would be less impacted.271 The reason for this is 

because it would be less taxed, but also acts as a substitute to red meat for the consumer.  Yet, one of 

the most interesting finding was that introducing a tax on meat would only decrease GHG emissions to 

a limited extent — less than 10%, even when taxes are based on high carbon prices. 272 Moreover, the 

effects on health of such a tax depend on the scheme and is found to be most effective if tax revenues 

are then used to subsidise the consumption of fruits and vegetables. 273 Therefore, a meat tax is 

recommended, it should not be the only measure implemented to foster a protein transition — as it 

would not generate the most benefits of its own. Moreover, the tax revenues should be redistributed to: 

(1) subsidise fruits, vegetables, and other non-processed plant-based foods targeted at human 

consumptions, (2) the transitionary educational schemes, (3) land restoration and reforestation if deemed 

 
269 Maximilian Pieper, Amelie Michalke & Tobias Gaugler, Calculation of External Climate Costs for Food Highlights Inadequate Pricing of 
Animal Products, Nature Communication (15 December 2020),. https://www.nature.com/articles/s41467-020-19474-6. 
270 Pieper et al.  
271 Guyomard, H., Z. Bouamra-Mechemache, V. Chatellier, L. Delaby, C. Détang-Dessendre, J. -L. Peyraud, and V. Réquillart. “Review: Why 
and How to Regulate Animal Production and Consumption: The Case of the European Union.” Animal, Sustainable livestock systems for 
high-producing animals, 15 (December 1, 2021): 100283. https://doi.org/10.1016/j.animal.2021.100283. 
272 Guyomard et al.  
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appropriate, and (4) support (smallholder) farmers and (small) businesses in transitioning their activity, 

especially if they suffered a substantial loss in revenue threatening their livelihoods due such measures.  

6.4. Recommendation for Reduction  

While factors influencing consumption are multi-faceted varying from socio-economic, 

ideological, cultural, psychological, and other aspects, national dietary guidelines have been based 

mainly on health considerations274 and very recently some states have included the environmental factor 

when drafting recommendations.275 In the Netherlands, the Green Protein Alliance, a coalition of actors 

both from the private and the public sector convened to bring the protein consumption ratio from 60:40 

animal protein: plant protein to 50:50 in the short-term and 40:60 in the long-term. We consider short-

term as 2030, and long-term as 2050, but would suggest further research builds on our findings to do 

such recommendations. For instance, The Netherlands Nutrition Centre proposes a maximum amount 
of 500 grams of meat per person per week, hence reducing consumption by one third.276  

Achieving a protein transition will require a critical analysis of the current consumption patterns 

both in terms of quantities and quality of food products, not excluding food waste. To be fully 

environmentally sound, the wide adoption of gradually plant-based diets must be accompanied by 

halving food waste and improving production practices. However, and as mentioned, reduction should 

not only be driven through the consumption but also the production side — for instance, thanks to the 

help of the EU and Member States’ governments.  

6.5. Recommendation for Refinement 

Accompanying a transition towards an increased consumption of plant-based protein sources, 

improving the efficiency for the remaining animal husbandry is of similar importance. Animal agriculture 

can reap the benefits from a reduced consumption of animal protein, as a lower demand lends itself to 

less intensive production, which can be advantageous for improving animal health and welfare, which 

allows the farmer to produce a higher quality good. Additionally, despite existing EU animal welfare 

standards, with an ambition to “improve”, the harmonisation of national labels must be included and 

made mandatory in the Farm to Fork Strategy to improve consumer information. Unlocking the sectors’ 

potential for benefitting the (non-human) environment must be a cornerstone of a sustainable European 

agricultural sector. Effective land management with a stronger focus on less intensive grazing, the 

utilisation of areas unsuitable for crop planting, and the possible inclusion of agroecology promises a 

variety of benefits ranging from improvements in biodiversity to the prevention of erosion.277,278  

As these benefits align with the objectives of the EU biodiversity strategy for 2030 and could 

help to build a more sustainable and resilient agricultural sector, the EU should refocus their ambitions 

to strengthen ‘Greening’ measures in the next reform cycle of the CAP by 2027 and increase the 

proportion of permanent grassland for low intensity grazing purposes. Additionally, the inclusion of food 
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https://doi.org/10.1093/advances/nmy130. 
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waste into the feed cycle could reduce the land-use impact of animal protein production, while 

simultaneously lowering the costs for feed.279 Reducing food waste is also a central objective of the 

‘Farm to Fork’ strategy of the EU and using food waste in animal feed might support the fulfilling the 

goal of halving food waste by 2030. Finally, a stronger incorporation of precision farming technologies 

and the use of real-time data, can offer support to farmers by optimising feeding processes and feed 

conversion.280 Funding to implement precision agriculture measures, which also must include technical 

education, must be promoted in the next national action plans for the common agriculture policy. This 

policy can also be supported through EU rural development programs or through eco-schemes to 

ensure the availability of digital infrastructure.  

 

6.6.  Recommendation for Research 

Apart from targeted action plans, the field furthermore requires more research into many topics. 

First, an increase in LCAs on plant-based and novel proteins would ensure a solid base for further 

research on the protein transition and alleviate the issue of data scarcity. Second, while the 

ISO/CML/ReCiPe methods provide a list of indicators to examine, the indicators within each impact 

category vary, in turn complicating possible meta-analyses — so further research should focus on 

indicators which are especially scarce, and not solely focus on GWP when conducting LCAs.  

Our research showed that transitioning away from animal products as the main protein source 

towards more diversified diets including plant-based proteins and higher intake of fruits and vegetables 

has indeed benefits for climate change mitigation, individual human health, as well as non-human 

animals. Yet the potential of a protein transition to transform the food system remains marginal if issues 

of food security and food justice are not integrated in the debate.281 While this report partially addressed 

the social, economic and politic aspects of the protein transition, there is much more emphasis to be put 

on structural inequalities that impair the ability of individuals and communities to access nutritious, 

affordable and culturally appropriate food.282 From the literature, we observed that a great deal of 

attention is allocated to consumer preferences,283, 284, 285, 286, 287 and their part in socio-technical processes 

of the protein transition as either blockers or enablers,288 nevertheless, income inequalities as well as 

unequal distribution of power in the global food chains are less explored in the literature on dietary 

transitions,289 yet cannot be overlooked. Structural barriers are a characteristic of the whole food 

system,290, 291 rather than a sole concern of the protein provisioning system, however the implications of 
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a dietary transition may exacerbate injustices and fail to contribute to a genuine transformation of the 

food system that will benefits the well-being of the planet and the people.292 Therefore, more research 

should focus on this. More research connecting posthumanism and/or the Doughnut Economic 

framework to the topic and build on our findings would also be interesting — as this is, as far as the 

authors are aware, the first attempt to combine both theoretical approaches applied to the protein 

transition and to the animal farming industry.  

7. Limitations of the approach  

While this report aims to provide a holistic perspective on the protein transition and has managed 

to touch upon many key issues, certain limitations to the research still occurred. Given the size of the 

author team and the limited time frame of the project, some aspects could not be considered in as much 

detail as desired, necessitating a focus on the core problems of the current protein production system.  

With regards to the LCA meta-analysis, data scarcity especially for plant-based proteins and 

certain indicators was prevalent. Animal-based proteins have been investigated to a considerably higher 

extent than plant—based ones, which is also reflected in this report’s analysis. Here, the authors were 

able to find 80 datapoints on several animal-based proteins just for the geographical scope of the EU, 

while only encountering 40 data points for plant-based proteins on a worldwide scale. Additionally, 

many LCAs did not elaborate on several indicators (apart from GWP) mentioned in the ISO/CML/ReCiPe 

methods, with only a few data points available for eutrophication levels, and almost none for ozone layer 

and water depletion. In terms of data availability, oftentimes, units did not correspond, for example 

eutrophication – while measured in kg PO4 eq in the ISO/CML methods – was often expressed in kg 

NO3. Similar issues arose for the units regarding abiotic depletion, which in the ISO/CML method is 

expressed in kg Sb eq, but in many LCAs was measured in MJ. Furthermore, an analysis based on 

statistical methods would have provided useful insights, however, due to the limited time available and 

the humanities background of the authors, a detailed statistical analysis was not feasible.  

Furthermore, while the analysis of the socio-economic externalities provides a useful overview 

of the current dynamics in the agricultural system, certain aspects like trade or a more detailed approach 

on food justice and sovereignty could not be included, due to the aforementioned time constraints.  

8. Conclusion  

As the contribution of diets becomes increasingly central to sustainability, it is important to 

understand how a protein transition may assist in the efforts to tackle climate change. This study has 

explored the biophysical, ethical, and overall socio-environmental implications for a protein transition 

employing the LCA method together with reflections of the protein provisioning system applying a 

posthumanist lens supplemented by and nuanced with the doughnut economy model. The results 

clearly state that the current production and consumption patterns cannot be sustained in the long-term 

due to the disproportionate environmental impact animal proteins have in comparison with plant 

proteins. Furthermore, the excess animal consumption has rippling effects on the social fabric directly 

and indirectly influencing the well-being of human and non-human beings, by affecting health, 

livelihoods and posing serious moral concerns related to animal welfare. Transitioning towards more 
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plant-based diets, with strong emphasis on plant proteins has the potential to solve some of the existing 

tensions between food production and planetary boundaries. Nevertheless, transitions pose justice 

concerns in terms of recognising different values, including marginalised communities, and ensuring 

equity. While this report has managed to offer a snapshot of the socio-economic, health and animal 

welfare implications, greater attention must be placed on ensuring that a dietary transition is not 

exacerbating existing inequalities, while also solving some of the tensions existent in the food system.  
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Number: 16108 

36.5g 

Peanuts, spanish, raw 
Data Type: SR Legacy Food  
Category: Legumes and Legume Products  
FDC ID: 174263  
NDB Number: 16091 

26.2g 

Nuts, pistachio nuts, raw 
Data Type: SR Legacy Food  
Category: Nut and Seed Products  

20.2g 
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FDC ID: 170184  
NDB Number: 12151 
Chickpeas (garbanzo beans, bengal gram), 
mature seeds, raw 
Data Type: SR Legacy Food  
Category: Legumes and Legume Products  
FDC ID: 173756  
NDB Number: 16056 

20.2g 

Almond milk, unsweetened, plain, shelf stable 
Data Type: Foundation Food  
Category: Beverages  
FDC ID: 1999631  
NDB Number: 14091 

0.55g 

 

Protein contents taken from Articles 

Article Protein type with protein content 
per 100g of product 

Saerens, W., Smetana, S., Van Campenhout, L., Lammers, V., 
& Heinz, V. (2021). Life cycle assessment of burger 
patties produced with extruded meat substitutes. 
Journal of Cleaner Production, 306, 127177. 
https://doi.org/10.1016/j.jclepro.2021.127177 

HME/TVP Soymeal Concentrate: 
67g 
HME/TVP Pumpkin Seed Flour: 61g 

Heller, M. C., & Keoleian, G. A. (2018, September 14). Beyond 
Meat’s Beyond Burger Life Cycle Assessment: A detailed 
comparison between a plant-based and an animal-
based protein source | Center for Sustainable Systems. 
https://css.umich.edu/publication/beyond-meats-
beyond-burger-life-cycle-assessment-detailed-
comparison-between-plant-based 

Beyond Burger: 20g 

Khan, S., Loyola, C., Dettling, J., & Hester, J. (2019). 
COMPARATIVE ENVIRONMENTAL LCA OF THE 
IMPOSSIBLE BURGER WITH CONVENTIONAL GROUND 
BEEF BURGER. 64. 

Impossible Burger: 19g 

Detzel, A., Krüger, M., Busch, M., Blanco‐Gutiérrez, I., Varela, 
C., Manners, R., Bez, J., & Zannini, E. (2021). Life cycle 
assessment of animal‐based foods and plant‐based 
protein‐rich alternatives: An environmental 
perspective. Journal of the Science of Food and 
Agriculture, jsfa.11417. 
https://doi.org/10.1002/jsfa.11417 

VMA Lupin Extrudate: 30g  
VMA Faba Bean Extrudate: 30g 

Henderson, P. A., & Unnasch, S. (2017). Life Cycle Assessment 
of Ripple Non-Dairy Milk. 22. 

Pea protein milk: 3.31g 
Soy Milk: 3.31g 

Nikkhah, A., Van Haute, S., Jovanovic, V., Jung, H., Dewulf, J., 
Cirkovic Velickovic, T., & Ghnimi, S. (2021). Life cycle 
assessment of edible insects (Protaetia brevitarsis 
seulensis larvae) as a future protein and fat source. 
Scientific Reports, 11(1), 14030. 
https://doi.org/10.1038/s41598-021-93284-8 

PBS Larvae: 50.5g 

Oonincx, D. G. A. B., & de Boer, I. J. M. (2012). Environmental 
Impact of the Production of Mealworms as a Protein 
Source for Humans – A Life Cycle Assessment. PLoS 
ONE, 7(12), e51145. 
https://doi.org/10.1371/journal.pone.0051145 

Mealworm: 53g 

Gamboa, C., Bojacá, C. R., Schrevens, E., & Maertens, M. 
(2020). Sustainability of smallholder quinoa production 
in the Peruvian Andes. Journal of Cleaner Production, 

Conventional Quinoa: 13.1g 



 61 

264, 121657. 
https://doi.org/10.1016/j.jclepro.2020.121657 

Cancino-Espinoza, E., Vázquez-Rowe, I., & Quispe, I. (2018). 
Organic quinoa (Chenopodium quinoa L.) production in 
Peru: Environmental hotspots and food security 
considerations using Life Cycle Assessment. Science of 
The Total Environment, 637–638, 221–232. 
https://doi.org/10.1016/j.scitotenv.2018.05.029 

Organic Quinoa: 13.6g 

 

Protein contents taken from FAO Table Values: 

Protein Type Protein content per 100g of product 
Soymeal  3.9g 
Oats 13g 
Wheat + Rye  12.2g 
Nuts 16g 
Peas 2.9g 
Eggs 11g 
Milk 3.5g 
Chicken Carcass 12.3g 

 

Keywords for the literature review 

Protein transition, protein supply, protein consumption, sustainable food protein, plant-based proteins, 
meat substitutes, livestock production, the name of each protein type (for animal-based proteins both 
the name of the animal and the animal product were included, i.e. pig and/or pork), Life Cycle 
Assessment, Life Cycle Analysis, agriculture, environmental impact, environmental externalities, animal 
welfare, economic externality, economic impacts, social externality, social impacts, health externalities, 
health impacts 

 


