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Abstract: 
 

This work is framed in the European research project Protein2Food that focuses on developing new 

protein-based food products, with the aim of increasing their production and consumption in Europe. 

This is in line with the new trends in the EU policies that promote healthier and more environmentally 

friendly agri-food systems , reflected in the general EU Food2030 initiative of Food and Nutrition 

Security.  Specifically, the objective of this study is to analyse the socioeconomic impacts along the life 

cycle of animal-protein-rich products and of possible vegetable-protein-rich substitutes and compare 

them. To do this, I have used the "Socio-economic Life Cycle Assessment" (S-LCA) methodology, which 

allows to analyse the socio-economic impacts (positive and negative) throughout the life cycle of a 

product, from its production and manufacturing to its consumption. In particular, two products rich in 

animal proteins are analysed and compared with two other products rich in plant proteins. The 

selected products are: (1) chicken meat or similar, (2) vegetable meat based on lupine; (3) dairy milk 

and (4) lentil-based vegetable milk. Following the S-LCA guidelines, different stakeholders have been 

represented throughout the life cycle of these products. In particular, impacts on farmers/Livestock 

growers and society at the production stage and consumers and society at a consumption stage have 

been analysed. The results obtained show that, in general terms, lupin-based vegetable meat and 

lentil-based vegetable milk have a worse socioeconomic profile than products of animal origin. In 

addition, a cross-scale analysis has been performed, by comparing Spain’s country-level results with 

the EU-level results obtained in Protein2Food. Results show a clear pattern at both scales (Spain and 

EU). Farmer/livestock growers are the most negatively affected stakeholder category in vegetable-

protein-rich products, while consumers are the most positively affected stakeholder category. This fact 

reinforces the idea that special attention should be paid at the production stage of vegetable protein 

rich products to improve farmers’ conditions. Furthermore, differences between vegetable and animal 

products are greater in Spain than in Europe, suggesting that scale is an important factor when 

analysing socio-economic impacts. Finally, it can be said that the differences between animal product 

and vegetable product are more important for some products than for others. Specifically, the 

differences are greater between vegetable meat and chicken meat than between vegetable milk and 

cow's milk. 
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Resumen: 
 
Este trabajo está enmarcado en el proyecto de investigación europeo Protein2Food que se centra en 

desarrollar nuevos productos alimentarios a base de proteína vegetal, con el objetivo de aumentar su 

producción y consumo en Europa. Esto está en línea con las nuevas políticas de la UE que promueven 

una alimentación más sana y respetuosa con el medio ambiente, y que se ven reflejadas en la iniciativa 

Food2030 de Seguridad alimentaria y nutricional. Concretamente, el objetivo de este estudio es hacer 

un análisis socioeconómico del ciclo de vida de productos ricos en proteína animal y de posibles 

sustitutos ricos en proteína vegetal, desde su producción hasta su consumo, y compararlos. Para ello, 

he utilizado la metodología “Socio-economic Life Cycle Assessment” (S-LCA), que permite analizar los 

impactos socioeconómicos (positivos y negativos) a lo largo del ciclo de vida de un producto, desde su 

producción y fabricación hasta su consumo. En particular, se analizan dos productos ricos en proteínas 

animales y se comparan con otros dos productos ricos proteínas vegetales. Los productos 

seleccionados son: (1) carne de pollo o similar, (2) carne vegetal a base altramuz; (3) leche de vaca y 

(4) leche vegetal a base de lenteja. Siguiendo las pautas del S-LCA, diferentes eslabones de la cadena 

alimentaria han sido representados a lo largo del ciclo de vida de estos productos. En concreto, se han 

analizado los impactos sobre los agricultores/ganaderos y la sociedad en la etapa de producción y los 

consumidores y la sociedad en una etapa de consumo. Los resultados obtenidos muestran que, en 

términos generales, la carne vegetal a base de altramuz y la leche vegetal a base de lentejas tienen un 

peor perfil socioeconómico que los productos de origen animal. Además, se han comparado los 

resultados a escala española de este estudio con los resultados a escala europea de estudios previos 

realizados en el marco del proyecto Protein2Food. En este sentido, se puede ver un claro patrón a 

ambas escalas (España-UE). El agricultor/ganadero sería el eslabón más perjudicado en el caso de 

productos vegetales, mientras que el consumidor sería el más beneficiado. Esto refuerza la idea de que 

se debe poner especial atención en la etapa de producción de los productos ricos en proteínas 

vegetales, para mejorar las condiciones de los agricultores. Además, las diferencias entre los productos 

vegetales y animales son mayores en España que en Europa, lo que sugiere que la escala es un factor 

importante en el análisis socioeconómico. Finalmente, se puede decir que las diferencias entre 

producto animal y producto vegetal son más importantes para algunos productos que para otros. 

Específicamente, las diferencias son mayores entre carne vegetal y carne de pollo que entre leche 

vegetal y leche de vaca.  
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1. Introduction 

Most of the demographic models suggest that by the year 2050 the world population will have 

surpassed 9 billion people. This will mean an increase in the use of natural resources such as land, 

water, and oil, already scarce in some regions (Alexandratos et al., 2012; Searchinger et al., 2014, 

Ehrlich et al., 2015). Particularly, in the agri-food sector the challenge is twofold, since not only must 

sufficient food be produced for a growing population, but it must be done in an environmentally 

sustainable manner and with limited resources (Godfray, H. C. J., 2010). In this sense, the last report 

of the IPCC (IPCC, 2014) points out that agriculture, forestry and other land uses are directly 

responsible for 24% of greenhouse gas emissions, and indirectly responsible for 0.87%. Within the 

agricultural sector, there are many studies that point to the production of meat, milk and derivates as 

the main emitter of GHG and cause of deforestation. For example, Ranganathan et al. (2016) points 

out that the production of meat, milk and derivatives accounts (directly and indirectly) for 75% of the 

available agricultural land and is responsible for 66% of GHI emissions of the sector, despite accounting 

for only 37% of total protein consumption at a global scale. 

In addition to the environmental problems linked to the agricultural sector, and specifically to the 

production of meat, milk and other animal products, there are others directly related to human health. 

For example, the latest global report on cancer by the World Health Organization points out that a high 

consumption of red meat and processed meats are directly related to an increased risk of cancer 

(McGuire, 2016). Another example is the report of the EAT-Lancet commission that indicates that the 

high proportion of saturated fat and the high levels of carcinogens produced when cooking meat 

products could contribute to increase the risks of cardiovascular diseases, diabetes and some types of 

cancer (Willet et al, 2019). This same report emphasises the need to increase consumption of plant-
based products in order to obtain a healthier and more environmentally responsible diet. In this sense, 

legumes such as beans, lentils, lupine and peas, and other crops such as quinoa or buckwheat are the 

ideal candidates to substitute protein of animal origin. Not only are they high in protein and low in 

cholesterol and saturated fat, but their use in agriculture provides other environmental benefits. 

Specifically, legumes are nitrogen fixers, which helps reduce the use of nitrogen fertilisers and 

therefore the eutrophication of water while improving the yields of subsequent harvests. In any case, 

obtaining animal protein is highly resource-inefficient in comparison to vegetable protein (Searchinger 

et al. 2014)  
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Figure 1. Protein consumption in 2009 in g/capita/day 

 
       Source: Ranganathan et al. (2016). 

However, the production and consumption of products rich in vegetable protein in Europe have 

decreased since 1960 while those of meat in the same period have increased (Manners, R., 2018). This 

translates into the fact that the consumption of vegetable protein represented only 41% of the daily 

protein consumption in Europe in 2009, as it can be seen in Figure 1. Similar trends can be seen if we 

look into the Spanish case. Figure 2 below shows the evolution of pulses, meat and milk production in 

Spain between 1961 and 2017. 

 
Figure 2. Meat, milk, and pulses production in Spain between 1961 and 2017 in billions of tonnes 

 
                  Source: Own Elaboration based on FAOStat (2018) 
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As it can be seen in Figure 2 for the specific case of Spain, meat and milk production have substantially 

increased since 1961, while other protein source such as pulses have decreased in the same period, 

despite the negative environmental and health effects of an animal-protein-based food production 

and consumption and the positive effects of a more vegetable based diet.  

Taking into account the population growth and the impacts of the production and consumption of 

animal-based products, the need to find new sustainable sources of proteins to respond to the growing 

demand for high quality protein becomes evident. This is reflected in the number of projects and other 

initiatives that work to change consumption habits towards more environmentally and socio-

economically sustainable diets. Some of the most important initiatives are: 

• The Sustainable Development Goals (SDG) (UN, 2015),  from the United Nations’ Development 

Program. The final purpose of the SDGs is to end poverty, protect the planet and bring peace 

and prosperity to everyone. They extend from year 2016 to year 2030 and are the evolution 

of the Millenium Development Goals (MDG), which have been in force from year 2000 to year 

2016. SDGs are divided into 17 goals that affect a great variety of humanity issues such as 

poverty, hunger, health and well-being, education, gender equality, water, energy and more. 

This work is directly related to goals numbers 3. Good health and well-being, 12. Responsible 

consumption and production, 13. Climate action. 

• Milan Urban Food Policy Pact (MUFPP) (Forster et al., 215) is an initiative boosted by the 

Mayor of Milan and presented during Milan Expo 2015. It is international protocol aimed at 

resolving food-related issues at the urban level. As many world cities as possible can adopt 

this protocol and already 100 cities have signed it. The pact is divided into six categories that 

comprises Governance, Sustainable diets and nutrition, Social and economic equity, Food 

production, Food supply and distribution, and food waste. 

• The 2015 United Nations Climate Change Conference, COP 21 or CMP 11 held in Paris in 2015. 

The conference negotiated the Paris Agreement (UNFCCC, 2015), a global agreement on the 

reduction of climate change, the text of which represented a consensus of the representatives 

of the 196 parties attending it. Expected key of the agreement is to set a goal of limiting global 

warming to "well below 2 °C" Celsius compared to pre-industrial levels. This work is especially 

relevant in this sense since animal production is one of the highest GHG emitters.  

• EU FOOD2030 (Poppe et al., 2018) is an EU research and innovation policy response to the 

recent international policy developments including the SDGs and COP21 commitments. It is 

divided into four food and nutrition security priorities which are (1) Nutrition for sustainable 

and healthy diets, (2) Climate smart and environmentally sustainable food systems, (3) 

Circularity and resource efficiency of food systems, (4) Innovation and empowerment of 

communities. 
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In particular, this work is framed within the European H2020 research project Protein2food (P2F)1 (P2F, 

2015), in which 19 international teams participate, from companies to universities, including UPM. The 

purpose of P2F is to develop protein crops and innovative food products rich in plant proteins with the 

aim of shifting Europeans’ consumption patterns from an animal-protein based diet to one with higher 

vegetable-protein consumption. P2F project includes the development of adapted crops, protein 

extraction processes, new plant-based food products, and a socio-economic and environmental life 

cycle analysis of new plant-based and animal-based protein-rich products at a European scale. 

This work goes beyond the results of P2F´s socio-economic life cycle assessment of protein-rich 

products at a European scale, (1) by downscaling the analysis  to the Spanish scale, so to detect impacts 

that may have gone unnoticed at a European scale, where aggregated data  are used, and (2) by making 

a cross-scale comparison between the Spanish and the European cases. 

This document is divided in 5 chapters besides this Introduction. First, the background of this analysis 

is explained, where details are given on the S-LCA analysis performed in P2F project at a European 

scale and on other publications related S-LCA performed on food products, all of which can be 

considered the basis of this work. Second, the specific objectives of this work are explained. Third, the 

methodology adapted to the particular case of high-protein products in Spain is detailed. Forth, results 

of the S-LCA are exposed, which include results per product, comparison between products, a cross-

scale comparison between Spanish and EU scales and the discussion. And lastly, the conclusion that 

sum up this work. 

2. Background 

First, as stated out earlier, this study has as its starting point in the socio-economic and the 

environmental life cycle analysis (S-LCA and E-LCA) which were performed in the context of 

Protein2Food on innovative plant-protein-rich products and their traditional counterparts at a 

European Scale. Both E-LCA and S- LCA have played a major role in the project’s development by 

identifying environmental and socioeconomic impacts of different vegetable protein products at a 

European scale and by comparing them with their traditional animal-based alternative (Detzel et al., 

2018; Blanco et al., 2018). Products analysed and compared in P2F project are “vegetable meat 

alternative” versus “traditional meat alternative” (chicken), “vegetable pâté” versus “pork pâté”, 

“vegetable milk” versus “dairy milk”, “vegan pasta” versus “egg pasta”, and “plant-protein-rich bread” 

versus “traditional wheat bread”. Products analysed in this work have been chosen among the 

products analysed in P2F project so that results can be comparable. Furthermore, pasta and bread 

products were discarded as this work focuses on comparing animal-based products and substitute 

plant-based products.  Lastly, pâté products were discarded as meat and milk products adequately 

represents by their own the environmental and health problematic discussed earlier in the 

                                                
1 The project P2F ‘Development of high quality food protein from multi-purpose crops through optimized, sustainable 
production and processing methods’ (2016-2020) is funded by the European Union Horizon 2020 Programme (H2020-SFS-
2014-2) under grant agreement no. 635727-2. More information can be found at https://www.protein2food.eu/ 
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introduction. In addition, Meat and Milk are the ones who presented greater differences between 

animal and vegetable products.  

The S-LCA performed in this Master´s thesis goes beyond P2F findings by downscaling the analysis to 

the Spanish context and by comparing national (Spain) and continental (European Union) results. This 

will allow to investigate the differences across spatial scales (EU and national level) and the factors 

that might determine these differences. Results of the S-LCA performed in P2F at European scale can 

be seen in Annex III.  

Second, this work cannot ignore previously published S-LCA analyses , and more importantly, the ones 

performed on agri-food products. A revision was made of the methodologies applied in an ample series 

of published works concerning different agri-food products, companies, sectors, or services. Some 

examples of sector analysis are: Average Irish dairy farm (Chen et al., 2017); Palm oil biodiesel in 

Indonesia (Manik et al., 2013); Cheese production in New Zealand (Paragahawewa et al., 2009); 

Compost and mineral fertiliser production in Spain and Israel (Martinez-Blanco et al., 2014); Coffee 

sector world-wide (Lemeilleur  et al., 2010). Some examples of product analysis are: Canadian Milk 

(Couture et al., 2012); Cut roses in Ecuador and Netherlands (Franze et al., 2011); Tomato cuore di buo 

in south Italy (Petti et al., 2018); Natura’s cocoa soap (Ramirez et al., 2016); Examples of technology 

analysis are the assessment of the production of electricity from jatropha oil (Muñoz Mayorga, 2017) 

the assessment of salmon production system (Kruse et al., 2009). As it can be seen, analyses are very 

varied and can imply a whole sector, a company, a product, or even a specific company’s product. 

However, no analysis was found focusing on protein-rich food products, and therefore this work will 

contribute to the expansion of Socio-economic Life Cycle Assessment methodology applied to agri-

food products. 

3. Objectives 

The objectives of this work are: (1) To analyse the socio-economic impacts in Spain of the life cycle of 

two plant-protein-based products (P2F fibre-like vegetable meat alternative and P2F prototype vegan 

milk)  and the two animal-based products they aim to replace (Traditional chicken meat and traditional 

dairy milk respectively) and (2) compare results of animal and vegetable products. Additionally, (3) to 

make a cross scale-comparison between the results obtained in this analysis at Spain’s country-level 

scale and those obtained at EU-scale. (4) This will allow us to detect impacts that may have gone 

unnoticed due to the aggregation of data when analysing these products at a European level and (5) 

will help increase understanding of each product system. 

To facilitate the reading of this document and the subsequent comparisons, the four products have 

been grouped into two categories: Milk category (Vegan milk vs Dairy milk) and Meat category 

(Vegetable fibre-like meat vs Chicken meat).  
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It is important to highlight that a S-LCA analysis is not enough to categorically proclaim that a product 

is ‘better’ than another one. A more integrated assessment is needed to do so, including S-LCA and 

Environmental LCA (Sala et al. 2015).  

 

4. Methodology: Socio-economic Life Cycle Assessment	
Environmental analysis belongs to the area of natural sciences and that is why it is done from a 

positivism-oriented point of view. On the contrary, socio-economic analysis belong to the area of 

human and social sciences, which allows the practitioner to use other families of paradigms such as 

interpretivism-oriented point of view (Iofrida et al., 2018). The UNEP-SETAC guidelines, differentiates 

between these two approaches and classifies them as Type I and Type II for the interpretivism-oriented 

and the positivism-oriented approaches respectively (Garrido et al., 2018; Petti et al., 2018; Macombe 

et al., 2013). The difference between the two approaches relies on the pathway between the indicator 

and the impact category. In type I S-LCA, the one used in this study, indicators are summed up into 

impact categories (or into impact sub-categories, or stakeholder categories) and therefore indicators 

can be weighted according to the importance they have for the stakeholders within each impact 

category. In Type II approach, an evidence-based model traces a unique path between indicators and 

each impact category. Given the variety of socio-economic impacts and the difficulties to perform an 

evidence-based model for each one, most of the S-LCA performed until know, including the UNEP-

SETAC guidelines, fall into Type I category (Iofrida et al., 2018), which can be performed as long as 

there  are  data to assess the indicators. In this work, Type I approach is used. This chapter presents 

the S-LCA Type I methodological aspects. 

Furthermore, The UNEP-SETAC guidelines offer a flexible methodology that allows practitioners to 

adapt their analysis to their objectives and to the context. Therefore, the methodology has been 

adapted to evaluate and compare the negative and positive socio-economic impacts along the life cycle 

of animal-protein-rich products and of vegetable protein products in Spain.  

The chapter has been divided as follows: First, the methodological framework is explained, in which 

the basic steps of an S-LCA are highlighted. Second, the scope of the analysis is established. It includes 

the definition of functional units and system boundaries (selection of lifecycle stages, and stakeholder 

categories and subcategories). Third, available socio-economic indicators adapted to this work are 

preselected. Fourth, the inventory analysis is performed, where data bases that have been used are 

detailed and the final selection of indicators is done based on the available data. Fifth, the weighting 

process is explained. Sixth, the evaluation scale that allows us to group different kind of indicator is 

shown.  
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4.1. Methodological	framework	

There are different analytical tools available to assess socio-economic impacts depending on whether 

it’s performed over a project, a company, a service, a product or others. For example, Corporate Social 

Responsibility (CSR) type I and II are specially indicated to assess companies, while CSR type III is 

specially indicated to assess companies and part of the supply chain and Social Impact Assessment is 

often used to assess single-site projects (UNEP-SETAC, 2009). This work will make use of the Socio-

economic Life Cycle Assessment (S-LCA) methodology, developed by the United Nations Environment 

Program (UNEP) and the Society of Environmental Toxicology and Chemistry (SETAC), commonly 

abbreviated as UNEP-SETAC, under the Life Cycle Initiative to assess products along the whole value 

chain from “cradle to grave” (Benoit et al. 2010). This methodology was published in 2009 under the 

name “guidelines for social life cycle assessment of products” (UNEP-SETAC, 2009) with the purpose 

of complementing environmental LCA and Life Cycle Costing and contributing to the full assessment of 

goods and services within the context of sustainable life cycle development. The methodology has 

been refined and expanded in recent years, and publication of S-LCA analysis have been growing since 

2004, with an important increase after the publication of the guidelines (Jørgensen, A., 2013). 

Nonetheless, of all the literature consulted, no S-LCA studies related to new products rich in vegetable 

protein were found, and therefore this study aims to contribute with a novel approach and application 

of the proposed S-LCA methodology, applied to high-protein rich food products. The guidelines are 

very versatile, which allows practitioners to adapt their analysis to the great variety of socio-economic 

contexts. This work’s methodological aspects are based on the UNEP-SETAC guidelines and have been 

adapted to analyse and compare plant-protein-rich and animal-protein-rich products in Spain. 

Specifically, the UNEP-SETAC guidelines have been adapted to this work, which is divided into 4 steps: 

(1) Knowledge base , (2) Methodology of Socio-economic LCA, (3) Results, and (4) Discussion and 

Conclusions.  Below, details are given for each step. 

• Knowledge base. S-LCA performed on this work is based on an extensive literature review, on 

Protein2Food results, and on the UNEP-SETAC guidelines for S-LCA. Furthermore, a research is 

performed to detect available socio-economic databases to be used in this work. After that, 

the goal of this S-LCA is established which can be to highlight socio-economic hotspot along 

the life cycle of a product and/or to compare different products´ life cycles. 

• Methodology of Socio-economic LCA. First, the scope is defined, which includes the selection 

of the functional unit and system boundaries. The purpose of the functional unit is to provide 

a reference to mathematically normalise input and output data. System boundaries include 

the selection of the life cycle stages and stakeholders that define the selected functional unit. 

Among others, life cycle stages may include “extraction of raw materials”, “design”, 

“production”, “processing”, “retail” and “consumption”, and stakeholder categories may 

include “workers”, “local community”, “society”, “consumers”, and “value chain actors”. Next 

step consists in choosing the impact categories and/or their respective subcategories and 

indicators, that reflect the socio-economic impacts on stakeholders along the life cycle of the 
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product as good as possible.  First, literature review and/or stakeholder consultation is needed 

to select a series of preliminary indicators and impact subcategories and categories. Then, data 

collection phase is carried out, which consist in exploring data availability to assess the 

preselected indicators. In case some data is missing, a system refinement is needed to redefine 

the system boundaries or the preselected indicators in order to adapt it to data availability. 

This phase is completed when all indicators of the life cycle has data to be assessed. Indicator 

are then weighted according to experts’ or stakeholders’ opinion. Then an evaluation scale 

able to homogenise units of measure is needed given the variety of units of measure when 

assessing socio-economic indicators. For example, an evaluation scale that classifies each 

indicator into different assessment categories such as good, medium, upgradeable. Thresholds 

between the assessment categories are different for each indicator and can be selected from 

literature or using for example, an average value. 

• Results. Indicators are then assessed one by one, and then summed up into a final score for 

impact categories, subcategories ore stakeholder category. Results can be analysed under 

different perspectives. First, products are analysed independently, in order to detect hotspots 

along their life cycle. Second, products are compared in order to highlight their differences. 

Finally, this work includes a cross scale comparison between results at a Spanish scale and 

results at a European scale.  

• Discussions and Conclusions. Methodologial and decision-making implications are discussed in 

this steps based on results of each product, on the comparison of products, and on the cross-

scale comparison. Finally, conclusions sum up the most relevant outputs of this work.  

 
This work is divided into chapters that correspond with these steps. Chapter 4 corresponds with the 

methodology of socio-economic LCA. Chapter 5 correspond to the Results. Chapter 6 and 7 correspond 

to the discussion and conclusions respectively. The methodological scheme of this work can be seen 

below in Figure 3. 
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Figure 3. Methodological scheme 
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4.2. Scope 

In this work, the scope includes the description of the functional unit and the definition of its system 

boundaries which are defined by the life cycle stages and stakeholder categories and subcategories. 

4.2.1. Functional Units 

In order to compare products by means of a S-LCA, it is necessary to define a functional unit (Lehmann 

et al. 2013). However, it is difficult to link social issues to a functional unit, which is why defining a 

functional unit is harder to do in S-LCA than in environmental LCA (Iofrida et al., 2018; Martínez-Blanco 

et al., 2014; Benoit et al., 2010). In this work, functional units have been chosen among the ones 

analysed in P2F. This allows us to compare results obtained in the project  at a European scale with 

results from this work at a Spanish scale.  

Specifically, the functional units correspond to 100 grams of product. The four products, each 

composed of different ingredients, correspond each to a different functional unit. The four functional 

units are presented below (Tables 1 to 4) 

• Functional unit 1= 100 grams of Product 1 ‘P2F fibre-like vegetable meat alternative’ 

 
Table 1. Functional Unit 1: P2F fibre-like vegetable meat alternative 

Ingredients Grams 
Water 60 

Lentil or lupin protein isolate 30 
Amaranth or buckwheat flour 10 

           Source: Own elaboration based on UPM research in Protein2Food (Blanco et al., 2018, 
IFEU, 2018) 
 

• Functional Unit 2= 100 grams of Product 2 ‘Traditional chicken meat’ 

 
Table 2. Functional Unit 2: Traditional chicken meat 

Ingredients Grams 
Chicken meat 100 

            Source: Own elaboration based on UPM research in Protein2Food (Blanco et al., 2018, 
IFEU, 2018) 
 

• Functional unit 3= 100 grams of Product 7 ‘P2F prototype vegan milk’ 

 
Table 3. Functional Unit 3: P2F prototype vegan milk 

Ingredients Grams 
Water Confidential 

Legume isolate Confidential 
Oil Confidential 

Sugar Confidential 
            Source: Own elaboration based on UPM research in Protein2Food (Blanco et al., 2018, 
IFEU, 2018) 
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• Functional unit 8= 100 grams of Product 8 ‘Traditional dairy milk’ 

 
Table 4. Functional Unit 4: Traditional dairy milk 

Ingredients Grams 
Raw dairy milk 100 

                         Source: Own elaboration based on UPM research in Protein2Food (Blanco et al., 2018, 
IFEU, 2018) 
 

Very little literature was found were the functional unit consisted in a product composed of different 

other products. Regarding this aspect, this work explores a novel methodological approach where each 

indicator is assessed using data of all the ingredients that make up the product, weighted according to 

their weight in the final product. 

4.2.2. System boundaries  

System boundaries refer both to life cycle stages and stakeholder categories and subcategories. They 

must be defined taken into account the functional units chosen previously. That means that life cycle 

stages, and stakeholder categories and subcategories must be defined to match high-protein food 

products as well as possible.  

 

4.1.2.1. Life cycle stages 

Life cycle of high-protein food products include three stages. First, a production stage, representing 

crop and animal production at farm level. Second, a processing and retail stage for the food 

transformation industry. And a third and final consumption stage. More details can be seen below in 

Table 5.  

 
Table 5. Description of life cycle stages 

Stage Description 

Production stage 
It includes the primary production of crops for human consumption, and the 

production of feed crops and cattle farming in those products with animal 
proteins. 

Processing & 

Retail stage 

From the moment the raw material (with an animal or vegetable origin) is sold 

by the primary producers and until the product is purchased by the final 

consumer. It therefore includes the processes performed by the food industry 

(such as food storage, protein extraction, design, food processing, packaging, 

etc.) and by distribution enterprises (product distribution and sale). 

Consumption 

stage 

From the moment the product is purchased until it is used or consumed by the 

final client. 

Source: Own elaboration based on UPM research in Protein2Food (Blanco et al., 2018, IFEU, 2018) 

Energy consumption, fertilisers and pesticides, irrigation water and others background flows are not 

considered in this work as social hotspots depend on company or sector behaviour more than on 
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background flows (Martínez-Blanco et al. 2014). Additionally, several authors such as Couture (2012) 

and Revére et al. (2015) state that S-LCA analysis should adapt to data limitation and budget restriction, 

making it not always relevant to consider inputs or certain stages in the life cycle of the product.  

 

4.1.2.2. Stakeholder categories and subcategories 

Specific Stakeholder categories  have been selected for this study considering the life cycle of high-

protein food products and its impacts on a variety of social agents. Furthermore, they have been 

chosen among the five stakeholder categories proposed in the S-LCA guidelines (UNEP-SETAC, 2009) 

(workers, consumers, society, value chain actors, and local community). With the purpose of dealing 

with context variability, the guidelines envisage the possibility to exclude one or more stakeholder 

categories, or to introduce new ones. In this work, four stakeholders have been chosen, excluding local 

community because in this context, it is considered to be represented in society and workers 

categories. 

Afterwards, stakeholder subcategories are chosen for each stakeholder category. These are 

agricultural workers and processing and retail workers for workers category, farmers for value chain 

actor, and consumers and society for consumers and society categories respectively. Table 6 presents 

the stakeholder categories and subcategories. 

These system boundaries allow us to assess the entire life cycle of high-protein food products “from 

cradle to fork”, including the three main stages of the value chain. Also, they resolve the need to realise 

the assessment from a holistic point of view (Jørgensen 2013). 

Table 6. Stakeholder categories and subcategories 

SH Category SH Subcategory Definition 

Workers 

Agricultural 

Worker 

Employees within the production sector, who work in farms 

or holdings but do not own those agricultural businesses. 

Processing & 

Retail Worker 
Employees working within the processing and retail sectors 

Value Chain 

Actors 
Farmer 

Agricultural protein producers (mainly family-owned farms) 

whose economic situation and well-being depend on the 

profitability and performance of what they produce 

Consumer Consumer 
Persons that will buy these protein products for personal 

use 

Society Society 
Aggregate of people, institutions and interest groups who 

share customs, laws and acknowledged social values 

Source: Own elaboration based on UPM research in Protein2Food (Blanco et al., 2018, IFEU, 2018) 
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4.2. Selection of impact subcategories and socioeconomic indicators 

A combination of bottom-up and top-down indicators have been preselected as proposed by Dreyer 

et al. (2006) and Kruse et al. (2009). Top down indicators are general indicators and can be used to 

assess any sector. Bottom-up indicators are adequate to assess a specific sector ore company and are 

generally selected after carrying out a survey, a stakeholder consultation or other methods to detect 

sector or company peculiarities. A consultation was carried out in the context of P2F with the 

participation of different stakeholder like farmers, transformation companies and consumers. Results 

of this consultation (Varela-Ortega et al., 2017), together with other studies, have been used as a guide 

for the selection of ad hoc indicators to fulfil the bottom-up approach (Dreyer et al. 2006; Lemeilleur 

and Vagneron 2010). This combination of indicators goes the idea that specific indicators must 

complement general indicators (Sala et al. 2015). 

A preliminary examination of data availability, and an analysis of its suitability regarding the 

accomplishment of the S-LCA objectives was carried out before the preselection of indicators. The two 

main sources that were used are the stakeholder consultation carried out in the context of P2F and 

literature review. The stakeholder consultation was carried out in Caserta (Italy) and implied the use 

of a stakeholder participatory method to detect barriers and opportunities in the plant-protein sector. 

In total, 12 participants took place in this workshop including representatives of non-profit 

organisation, farmers association, food processors, primary producers, agricultural machinery 

companies and research institutions. Six out of twelve participants were Italian, other three were 

French, two Spanish and one Maroccan (Varela-Ortega et al., 2017). 

Then, indicators must be grouped into impact subcategories (Carmo et al. 2016). In this case, 

preselected indicators were sorted in thirteen impact subcategories (fair salary, hours of work, equal 

opportunities/discrimination, health and safety, contribution to farm income, economic security, 

management attributes, contribution to economic development, contribution to food security, 

commitment to sustainability issues, choice, product features relevant for consumers, contribution to 

protein affordability). These impact subcategories were chosen because they adequately connect to 

stakeholder subcategories and depict the major socio-economic impacts of high-protein food products 

of both animal and vegetable origin. 

Preselected indicators and correlated impact and stakeholder subcategories are shown sorted by life 

cycle stage in Table 7 (production stage), Table 8 (processing and retail stage) and Table 9 

(consumption stage). 
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Table 7. Preselected list of indicators relating to the Production stage 

SH Impact 
subcategory Indicator Unit of measure Description 

Ag
ric

ul
tu

ra
l w

or
ke

rs
  

Fair Salary 

Risk of Average Wage 
being lower than non-

poverty line (*) 

Average Wage (AW): €/hour; Non-
poverty Guideline (NPL):  €/hour 

This indicator aims to represent the risk of having wages below a country's non-
poverty guideline. It compares the sector average wage in the country (AW) 

with the country's non-poverty guideline (NPL). 
Risk of Average Wage 

being lower than 
minimum wage (*) 

Average Wage (AW): €/hour; Non-
poverty Guideline (MW):  €/hour 

This indicator aims to represent the risk of having wages below a country's 
minimum wage. It compares the sector’s average wage in the country (AW) 

with the country's minimum wage (MW). 

Hours of Work 
Risk of Excessive 
Working time (*) 

Percentage of workers working 
more than 48h 

This indicator represents the risk of the sector workers being working for an 
excessive number of hours per week (>48h and >60h) 

Equal 
Opportunities/ 
Discrimination 

Risk of Gender Equality 
(*)  

Percentage of women working in 
the sector (%) 

This indicator has been developed as a proxy of gender equality in the sector 

Health and Safety 
Risk of Fatal Injuries (*) 

Number of cases per 100,000 
workers 

This indicator measures the risk that a worker of the sector has of suffering a 
fatal injury 

Risk of Non-fatal Injuries 
(*) 

Number of cases per 100,000 
workers 

This indicator measures the risk that a worker of the sector has of suffering a 
non-fatal injury 

Unemployment 
Risk of unemployment 

(*) 
Unemployment percentage at 

sector level 
This indicator measures the risk that a worker of the sector has of being 

unemployed 

Labour Laws 
Risk that a country does 

not provide adequate 
labour laws by sector (*) 

Number of labour laws by sector 
This indicator measures the risk that a worker of the sector has of not being 

protected by labour laws 

Fa
rm

er
s  

Contribution to 
Farm Income 

Profitability (*) Farm's Output / Input ratio (%) 
This indicator represents the profitability of each option, measured using the 
output/input Ratio. This ratio measures the amount of profit earned from the 
sale of a product or service, allowing to compare products in relative terms. 

Net Margin (*) 000' euros-average farm 
This indicator represents the net margin of each option. This measures the 
amount of profit earned from the sale of a product or service in an average 

European farm, allowing to compare products in absolute terms. 

CAP Voluntary coupled 
Support (**) 

Share of Total EU Budget of 
Voluntary Coupled Support 

destined to each type of product 
(%) 

This indicator represents the support that crops, or animal products are 
currently receiving from the Common Agricultural Policy. 
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Economic 
Security 

Yield Variability (**) Coefficient of Variation 

This indicator represents the variability in the yields of crops and animal 
products by using a coefficient of variation. This indicator will measure the 
yield-related risk that a farmer takes when cultivating/producing a crop or 

animal product. A higher variability will imply a higher risk 

Production Price 
Variability (**) 

Coefficient of Variation 

This indicator represents the variability in the production prices of crops and 
animal products. This indicator measures the price-related risk that a farmer 

takes when cultivating/producing a crop or animal product. A higher variability 
will imply a higher risk 

So
cie

t
y 

 Contribution to 
Food Security 

Contribution to Protein 
Security (**) 

Kg of protein/hectare 
This indicator estimates how much protein per hectare can be produced using 
each option. This indicator represents the efficiency (in terms of land use) of 

these crops or animal products in producing proteins. 

(*) General indicators, (**) Tailored indicators. (Source: Own elaboration based on UPM research in Protein2Food (Blanco et al., 2018, IFEU, 2018)) 
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Table 8. Preselected list of indicators relating to the Processing and Retail stage 

SH Impact subcategory Indicator Unit of measure Description 

Pr
oc

es
sin

g 
an

d 
re

ta
il 

w
or

ke
rs

 

Fair Salary 

Risk of Average Wage 
being lower than non-

poverty line (*) 

Average Wage (AW): €/hour; Non-
poverty Guideline (NPL):  €/hour 

This indicator aims to represent the risk of having wages below a 
country's non-poverty guideline. It compares the sector average wage in 

the country (AW) with the country's non-poverty guideline (NPL). 
Risk of Average Wage 

being lower than 
minimum wage (*) 

Average Wage (AW): €/hour; Non-
poverty Guideline (MW):  €/hour 

This indicator aims to represent the risk of having wages below a 
country's minimum wage. It compares the sector’s average wage in the 

country (AW) with the country's minimum wage (MW). 

Hours of Work 
Risk of Excessive 
Working time (*) 

Percentage of workers working 
more than 48h 

This indicator represents the risk of the sector workers being working for 
an excessive number of hours per week (>48h) 

Equal Opportunities/ 
Discrimination 

Risk of Gender 
Equality  (*) 

Percentage of women working in 
the sector (%) 

This indicator has been developed as a proxy of gender equality  in the 
sector 

Health and Safety 

Risk of Fatal Injuries 
(*) 

Number of cases per 100,000 
workers 

This indicator measures the risk that a worker of the sector has of 
suffering a fatal injury 

Risk of Non-fatal 
Injuries (*) 

Number of cases per 100,000 
workers 

This indicator measures the risk that a worker of the sector has of 
suffering a non-fatal injury 

Unemployment 
Risk of 

unemployment (*) 
Unemployment percentage at 

sector level 
This indicator measures the risk that a worker of the sector has of being 

unemployed 

Labour Laws 

Risk that a country 
does not provide 

adequate labour laws 
by sector (*) 

Number of labour laws by sector 
This indicator measures the risk that a worker of the sector has of not 

being protected by labour laws 

(*) General indicators, (**) Tailored indicators (Source: Own elaboration based on UPM research in Protein2Food (Blanco et al., 2018, IFEU, 2018)) 

 

 



 25 

 

 

 

Table 9. Preselected list of indicators relating to the Consumption stage 

(*) General indicators, (**) Tailored indicators. (Source: Own elaboration based on UPM research in Protein2Food (Blanco et al., 2018, IFEU, 2018))

SH Impact 
subcategory Indicator Unit of measure Description 

Co
ns

um
er

  

Product 
Features 

Relevant for 
Consumers 

Saturated Fat Content (**) grams/100 grams of product 

These indicators provide a glimpse of each product's nutritional value, by attending 
to their performance with regard to 3 criteria mentioned in Protein2Food's DoA: 

saturated fat, fibre and minerals. Besides, a fourth criterion has also been included: 
level of cholesterol.  

Fibre Content (**) grams/100 grams of product 

Vitamin Content (**) grams/100 grams of product 

Cholesterol Content (**) grams/100 grams of product 
Protein Content (**) grams /100grams of product This indicator represents the protein content of the final product. 

So
cie

ty
 

Contribution 
to Food 
Security 

Protein Affordability (**) €/kg of protein 
This indicator represents the price of protein of the final product based on the 

price of similar products in the market. 
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4.3. Analysis of life cycle inventory 

Data used to assess preselected indicators are collected during the inventory analysis. In this section, 

first data collection is presented, where information is given about the databases used in this analysis. 

Second, the system refinement is displayed, where the final selection of indicators is performed and 

justified.  

4.3.1. Data	collection	

Databases used in this work have been selected so that Spanish scale results presented in this analysis 

can be compared with the S-LCA performed in P2F at EU scale.  

The Social Hotspot Data base (SHDB) is the source of all preselected indicators that represent 

agricultural workers and processing and retail workers (these indicators are namely: average wage 

being lower than country's non poverty guideline, average wage being lower than country's minimum 

wage, excessive working time, gender equality, fatal Injury, and non-fatal Injury). The SHDB not only 

provides a series of general indicators, but also raw data that allow practitioners to make their own 

analysis in a systemic way. More information on the SHDB can be found at 

https://www.socialhotspot.org/about-shdb.html. 

Data relating to Spanish farms´ economic factors such as outputs, inputs, taxes, and others were 

obtained from the European Farm Accountancy Data Network. The EU Commission Document on the 

decision taken by member states (EC, 2015) provides data regarding CAP voluntary coupled support. 

With respect to yield and production price variability indicators, yield and price data from 2003 to 2016 

was gathered from FAOStat. FAO Balance Sheets and IFEU (2016) offers detailed information on total 

feed for EU meat production and total meat production which, along with meat protein content, allows 

us to calculate animal protein yield in kg per hectare so it can be compared with vegetable products.  

Data concerning protein content and other nutritional values (such as vitamin, fibre, saturated fat, and 

cholesterol content) was obtained from the French Agency for Food, Environmental Health and Safety 

and for Protein Content, specifically from its Food Composition Table Tool (ANSES, 2018). Finally, prices 

of vegetable and animal based products, used to calculate protein affordability, have been obtained 

from Mercadona’s web site (Mercadona, 2019), which is the supermarket with the biggest market 

share in Spain (KANTAR, 2017).  All information concerning data sources can be found in Annexes I.  

 

 
4.3.2. System	refinement		

The “system refinement phase”, where indicators are reviewed, is common to all S-LCA (Benoît et al., 

2009). One of the obstacles to overcome when performing this S-LCA is data availability, source 

reliability, or logistic barriers such as the difficulty of carrying out specific research across the whole 

country in four sectors.  
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In the case of this analysis, all indicators preselected from the SHDB had to be omitted because, despite 

offering it as an option, the database does not distinguish between animal husbandry (or meat 

industry) and crop production (or vegetable industry), and therefore was not suited for this analysis, 

where animal-based products are compared with similar vegetable-based products.  

This means that workers in the production stage and workers in the processing and retail stage (and 

hence all processing and retail stage, as this stage is represented only by workers) had to be omitted 

too, as they are entirely assessed by SHDB indicators  

Regarding indicator contribution to protein security (society stakeholder in the production stage), no 

reliable data could be found for calculating animal meat yield (and thus animal protein yield in 

kilograms per hectare) at a Spanish scale. For this reason, European scale data was used to calculate 

animal protein. 

Table 10  and  Table 11  show the final selection of indicators for the S-LCA of protein products, with 

their specific units of measurement and their source.
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Table 10. Final list of indicators relating to the production stage  
Production Stage 

SH Impact 
subcategory Indicator Unit of measure Source Description Justification/comments 

Fa
rm

er
s  

Contribution 
to Farm 
Income 

Profitabil
ity (*) 

Farm's Output / 
Input ratio (%) 

Farm 
Accountancy 
Data Network 

This indicator represents the profitability of 
each option, measured using the 

output/input Ratio. This ratio measures the 
amount of profit earned from the sale of a 

product or service, allowing to compare 
products in relative terms. 

This ratio has been calculated by dividing 
output by inputs of each product for the 

average European farm. This indicator was 
chosen during the International SH 
Consultation. 2nd Annual Meeting 

Protein2Food (Varela-Ortega et al., 2017) 

Net 
Margin 

(*) 

000' euros-
average farm 

Farm 
Accountancy 
Data Network 

This indicator represents the net margin of 
each option. This measures the amount of 
profit earned from the sale of a product or 

service in an average European farm, allowing 
to compare products in absolute terms. 

The net margin is obtained by subtracting total 
inputs to total outputs for the average 

European farm. This indicator was chosen 
during the International SH Consultation. 2nd 
Annual Meeting Protein2Food (Varela-Ortega 

et al., 2017) 

CAP 
Voluntar

y 
coupled 
Support 

(**) 

Share of Total EU 
Budget of 
Voluntary 

Coupled Support 
destined to each 
type of product 

(%) 

European 
Regulation 

1307/2013, and 
European 

Commission 
(2015) 

This indicator represents the support that 
crops, or animal products are currently 

receiving from the Common Agricultural 
Policy. 

This support has been estimated attending to: 
a) Share of EU coupled payments; b) Ecological 

Focus Areas Regulation 
This indicator was chosen during the 

International SH Consultation. 2nd Annual 
Meeting Protein2Food (Varela-Ortega et al., 

2017) 

Economic 
Security 

Yield 
Variabilit

y (**) 

Coefficient of 
Variation 

FAOSTAT 
average yields 
(2003-2016) 

This indicator represents the variability in the 
yields of crops and animal products by using a 

coefficient of variation. This indicator will 
measure the yield-related risk that a farmer 
takes when cultivating/producing a crop or 

Yield variability has been estimated by 
calculating the coefficient of variation 

(standard deviation divided by each option's 
average) of EU average yields through the 
period 2003-2016. (Kathage et al. 2015) 
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animal product. A higher variability will imply 
a higher risk 

Producti
on Price 
Variabilit

y (**) 

Coefficient of 
Variation 

FAOSTAT 
European 

producer prices 
(2003-2016) 

This indicator represents the variability in the 
production prices of crops and animal 

products. This indicator measures the price-
related risk that a farmer takes when 

cultivating/producing a crop or animal 
product. A higher variability will imply a 

higher risk 

Production price variability has been 
estimated by calculating the coefficient of 

variation (standard deviation divided by each 
option's average) of EU average production 
prices through the period 2003-2016. This 

indicator was chosen during the International 
SH Consultation. 2nd Annual Meeting 

Protein2Food (Varela-Ortega et al., 2017) 

So
cie

ty
  Contribution 

to Food 
Security 

Contribut
ion to 

Protein 
Security 

(**) 

Kg of 
protein/hectare 

FAO Balance 
Sheets,                                                                                  

P2F D5.1, and                                                                                                
French agency 

ANSES  

This indicator estimates how much protein 
per hectare can be produced using each 

option. This indicator represents the 
efficiency (in terms of land use) of these 
crops or animal products in producing 

proteins. 

Protein production per hectare has been 
estimated using product yields per hectare 

and their protein content. Yields per hectare 
of animal products have been calculated using 
data from the FAO Balance Sheets and IFEU's 

flow model calculations within D5.1. This 
indicator was chosen during the International 

SH Consultation. 2nd Annual Meeting 
Protein2Food (Varela-Ortega et al., 2017) 

(*) General indicators, (**) Tailored indicators. Source: Own elaboration 
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Table 11. Final list of indicators relating to the consumption stage 

(*) General indicators, (**) Tailored indicators. Source: Own elaboration 

Consumption Stage 

SH Impact 
subcategory Indicator Unit of measure Source Description Justification/comentary 

Co
ns

um
er

  Product 
Features 

Relevant for 
Consumers 

Saturated Fat 
Content (**) 

grams/100 
grams of product 

'French agency for food, 
environmental health and 

safety and for protein 
content' 

These indicators provide a glimpse 
of each product's nutritional 
value, by attending to their 

performance with regard to 3 
criteria mentioned in 

Protein2Food's DoA: saturated fat, 
fibre and minerals. Besides, a 
fourth criterion has also been 
included: level of cholesterol. 

  

These indicators combine two 
positive components (fibre and 

vitamins) with two negative 
components (Cholesterol and 
saturated fats). (Drichoutis et 

al. 2006) 
 
  

Fibre Content 
(**) 

grams/100 
grams of product 

Vitamin 
Content (**) 

grams/100 
grams of product 

Cholesterol 
Content (**) 

grams/100 
grams of product 

Protein 
Content (**) 

grams 
/100grams of 

product 

Based on data from D3.2 (IVV, 
2018) and D3.1 (UCC, 2016), 

and from ANSES (ANSES 
2018) composition table. 

This indicator represents the 
protein content of the final 

product. 

This indicator aims at 
comparing protein content of 

different products. 

So
cie

ty
 Contribution 

to Food 
Security 

Protein 
Affordability 

(**) 
€/kg of protein 

Product prices have been 
taken from Mercadona 

(Mercadona, 2018). Protein 
content has been taken from 

D3.2 (IVV, 2018) and D3.1 
(UCC, 2016), and from ANSES 

(ANSES 2018) composition 
table. 

This indicator represents the price 
of protein of the final product 
based on the price of similar 

products in the market. 

This indicator has been 
calculated by dividing product 

prices from D3.1. and Rewe 
(2018) by protein content data 

from D3.1 (UCC, 2016) and 
D3.2 (IVV, 2018). This indicator 

was chosen during the 
International SH Consultation. 

2nd Annual Meeting 
Protein2Food ( Varela-Ortega 

et al., 2017) 
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As it can be seen in previous tables, a total of twelve indicators are selected  to assess protein-rich food 

products, including two general indicators (“profitability” and “net margin”), and ten tailored 

indicators  (“CAP voluntary support”, “yield variability, “price variability”, “saturated fat content”, 

“cholesterol content”, “fibre content”, and “vitamin content”, “protein content”, “contribution to 
protein security”, and “Protein affordability”). 

 

4.4. Indicator	weighting	

As explained in the introductory paragraph of chapter 4. “Methodology: Life Cycle Assessment”, type 

II S-LCA relies on an interpretivist paradigm, which introduces some sort of value judgment on the 
analysed subject, as opposed to positivist paradigm, which relies on evidence-based models. Following 

UNEP-SETAC guidelines, value judgment is introduced by weighting indicators based on information 

obtained from surveys, workshops, or other participatory methods. In this work, a survey has been 
carried out to capture experts’ opinion about the importance (on a scale from 1 to 10) of each socio-

economic indicator for achieving  P2F objectives. The survey was carried out during the fourth annual 

meeting of Protein2Food project in Utrecht, between the 3rd and the 6th June 2019. The 20 experts 

that completed the survey were familiarised with high-protein food production, processing and 
consumption, and also with P2F objectives, as they all belong to Protein2Food consortium. The survey 

can be seen in ANNEX I chapter H. Table 12 shows indicators’ weights according to experts’ opinion, 

as well as non-weighted indicators’ weights (8.33% which is the result of dividing 100% by 12 

indicators). 

 

Table 12. Expert weighting and proportional weighting (non-weight) 
Indicator Expert weight Non-weight 

Profitability 7,72% 8,33% 
Net Margin 8,30% 8,33% 

CAP Direct Support 7,02% 8,33% 
Yield Variability 8,65% 8,33% 
Price Variability 8,89% 8,33% 
Protein Security 8,42% 8,33% 

Saturated Fat Content 7,37% 8,33% 
Fibre Content 7,25% 8,33% 

Vitamins Content 8,19% 8,33% 
Cholesterol Content 8,65% 8,33% 

Protein Content 9,82% 8,33% 
Protein Affordability 9,71% 8,33% 

Total 100% 100% 
Source: Own elaboration 
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Then, a comparison was made between non-weighted and weighted indicators´ results. Establishing a 

level of significance of a=10%, the t-test and the var-test performed with R software showed that 

weighted results are not found to be statistically different from the non-weighted results (t-test p-

value=0.9495; var-test p-value=0.9783). Therefore, and to avoid confusion when reading the results, 

it has been decided to use the non-weighted results in this work.  

 

4.5. Evaluation scale  

Due to the great diversity of impacts addressed in most socio-economic analysis, which translates into 

indicators having each a different unit, an evaluation scale must be chosen so that products can be 

easily compared. There are many evaluation scale methodologies available, but there is no consensus 

among S-LCA practitioners on which one apply (Aparcana et al., 2013). One example is the Subcategory 
Assessment Method (SAM) that considers the level of development of the country where the activity 

takes place (Ramirez et al., 2016). Spillemaeckers et al. (2001) uses a semi-quantitative method where 

indicators score 1 when a social threshold is reached, and 0 when not.  

In this work, the evaluation scale is based on UNEP-SETAC recommendations (UNEP-SETAC, 2009) and 
the SHDB evaluation scale model (Benoit et al., 2013). It includes four assessment categories: Good 

performance (green), Medium performance (yellow), Upgradeable performance (orange) and Bad 

performance (red). This colour scheme makes it easier to understand and compare results (Franze et 

al. 2011). 

Then, threshold to delimitate the above-mentioned assessment categories had to be chosen. For that, 

a first threshold model was applied that consisted establishing for each indicator, limits at a 25% or a 

30% deviation from the average value of all ingredients that make up all the products. These three 
limits (+25%, +0%, -25% or +30%, +0%, -30%) allows us to group results into the four assessment 

categories. It is important to emphasise that this evaluation scale implies that a product having, for 

example good performance, is not necessarily a good product, but is ‘better’ than another one having 

medium performance as assessment category limits are relative to each other. Hence, it is crucial that 
ingredients are balanced between assessment categories. That is why when an indicator using a 25% 

or 30% deviation model didn’t meet this requirement, other limits were explored until ingredients 

were balanced along the four assessment categories.  

After having assessed each indicator using the abovementioned evaluation scale, an average score is 
calculated by using a semiquantitative approach, where each assessment category corresponds to a 

given value (good=1, medium=2, upgradeable=3, bad=4). This results in a final value that can go from 

1 to 4. The evaluation scales for each indicator and for the final average score can be seen below in 

Table 13. 
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Table 13. Evaluation scales by indicator 

Indicator 
Evaluation scale 

Description Bad 
Performance 

Upgradeable 
Performance 

Medium 
Performance 

Good 
Performance 

Profitability (%) <120% >120% >125% >130% Limits have been established to balance ingredients 
along the four assessment categories Net Margin (000´€) <5 >5 >15 >30 

CAP Coupled Support (%) <4% >4% >5.56% >7% 

25% deviation model has been used. Yield Variability (%) >16,13% <16.13% <12.91% <9.68% 

Price Variability (%) >27.74% <27.74% <22.19% <16.64% 

Protein Security (kg/ha) <191.74 >191.74 >273.92 >356.09 30% deviation model has been used. 

Saturated Fat Content (mg/100g) >1.86 <1.86 <1.49 <1.12 

25% deviation model has been used. 
Fibre Content (mg/100g) <3.45 >3.45 >4.61 >5.76 

Vitamins Content (mg/100g) <8.29 >8.29 >11.05 >13.82 

Cholesterol Content (mg/100g) >38.83 <38.83 <31.06 <23.30 

Protein Content (mg/100g) <5 <9 <13 >13 
Limits have been established to balance ingredients 

along the four assessment categories 

Protein Affordability (€/kg) >39,35 <39,35 <34,22 <29,09 15% deviation model has been used. 

Final average score >3,25 <3,25 <2,5 <1,75 (1-4)/4=0.75 
Source: Own elaboration



 

 34 

5. Results 
In the following section, first assessment results are presented. Second, products are compared by 
product category. Third, Spanish-scale results are compared with European-scale results  

5.1. Socio-economic impact assessment by product 

The assessment phase is where the S-LCA methodology is applied and, consequently, where results 
are shown for each product. In the present study, a value is given to each indicator for each ingredient. 
Then, those values are weighted in function of ingredients’ percentages in the product and summed 
to calculate the total (the value of the indicator for the product being assessed). The assessment is 
done using the evaluation scales aforementioned. Finally, a score is given to each assessment result 
(Good=1; Medium=2; Upgradeable=3; Bad=4) so that a final average assessment result can be given 
for each product as it was mentioned in previous heading 4.5. Additionally, an average score is 
calculated for each stakeholder to facilitate the identification of hotspots. Calculations from raw data 

to indicator assessment can be seen in ANNEX II. Data Processing.  

The reader should bear in mind that this work tries to understand what are the most important socio-
economic differences between food alternatives and in which point of the life cycles are these 
differences located.  

Also, it should be clarified that Water is not included in the production stage because it is considered 
irrigation water and, hence, it is considered as a background flow   

The display of results is shown in the next four sub-sections, corresponding each of them to the four 
products that are being analysed.  

5.1.1. Milk category: Vegan milk and dairy milk 

Table 14 and Table 15 below present the assessment results for (1) vegan milk and (2) Dairy milk 
respectively. 
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Table 14. Assessment results. P2F prototype vegan milk in Spain 

St
ag

e  

St
ak

eh
ol

de
r Indicator P2F prototype vegan milk 

Lentil 
Protein 
Isolate 

Sunflower 
oil 

Sugar Water Total Assessment Score Stakeholder 
average 

3,4g 3,3g 1,7g 91,6g 100g 

Pr
od

uc
tio

n 

Fa
rm

er
 

Profitability (Output/Input) (%) 108 117 117 
 

113 Bad 4 3,6 
Net Margin (000’ euros per average farm) 3,00 6,85 6,85 

 
5,29 Upgradeable 3 

CAP Direct Support (% of total coupled support) 7,68 0,00 2,90 
 

3,70 Bad 4 
Yield Variability (% of variability) 23,19 14,03 13,45 

 
18 Bad 4 

Production Price Variability (% of variability) 23,51 29,60 20,57 
 

25 Upgradeable 3 
Soc. Contribution to Protein Security (Kg protein/ha) 180,90 232,78 5541,61 

 
1286,19 Good 1 1 

Co
ns

um
pt

io
n 

Co
ns

um
er

 Saturated Fat Content (g/100g) 0 10,9 0 0 0,36 Good 1 2,8 
Fiber Content (g/100g) 0 0 0 0 0,00 Bad 4 

Vitamins Content (g/100g) 0 58,3 0 0 1,92 Bad 4 
Cholesterol Content (g/100g) 0 0 0 0 0,00 Good 1 

Protein Content (g/100g) 3,30 Bad 4 
Soc. Protein Affordability (€/Kg of protein) 34,55 Upgradeable 3 3 

P2F prototype vegan milk final score Upgradeable 3  
Source: Own elaboration 
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Table 15. Assessment results. Traditional dairy milk in Spain 

St
ag

e 

St
ak

eh
ol

de
r 

Indicator 

Traditional dairy milk 

Milk 
Assessment Score Stakeholder 

average 
100g 

Pr
od

uc
tio

n 

Fa
rm

er
 

Profitability (Output/Input) (%) 119,59% Bad 4 

2,2 
 

Net Margin (000’ euros per average farm) 24,43 Medium 2 
CAP Direct Support (% of total coupled support) 16,04% Good 1 

Yield Variability (% of variability) 12,92% Upgradeable 3 

Production Price Variability (% of variability) 15,23% Good 1 
Soc. Contribution to Protein Security (Kg protein/ha) 176,17 Bad 4 4 

Co
ns

um
pt

io
n 

Co
ns

um
er

 Saturated Fat Content (g/100g) 2.16 Bad 4 

3,4 
Fiber Content (g/100g) 0.00 Bad 4 

Vitamins Content (g/100g) 0.04 Bad 4 
Cholesterol Content (g/100g) 14.00 Good 1 

Protein Content (g/100g) 3,32 Bad 4 
Soc. Protein Affordability (€/Kg of protein) 26,81 Good 1 1 

Traditional dairy milk final score Upgradeable 2,75  
Source: Own elaboration 
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Vegan milk 
 

It can be seen in Table 14 that six out of twelve indicators for vegetable milk are assessed as having 
bad performance (“profitability”, “CAP direct support”, “yield variability”, “fibre content”, “vitamin 
content”, and “protein content”). Besides, three indicators are assessed as having upgradeable 
performance (“net margin”, “production price variability”, and “protein affordability”) and other three 
as having good performance (“contribution to protein security”, “saturated fat content”, and 
“cholesterol content”). No indicator is assessed with medium performance in this case.  

Regarding how stakeholders are affected by the lifecycle of this product, it can be seen that farmers 
are the most negatively affected in the production stage which stands out for having all indicators 
showing bad or upgradeable performance. This can be considered as a socio-economic hotspot in 
vegetable meat life cycle production process. Society stakeholder in production stage is assessed with 
the best score due to the fact that “contribution to protein security”, the only indicator for this 
stakeholder group, is measured in kilograms of protein per hectare, and sugar beet has a very high 
yield (around 80 tons per hectare) which translates into high protein yields per hectare, despite sugar 
beet containing only 6.8% of protein. Consumers stakeholder has a slightly better assessment profile 
than society stakeholders in the consumption stage, although their score is in between farmers and 
society in the production stage.  The overall score for vegetable milk is 3 which is assessed as 
upgradeable. 

 

Dairy milk 
 

Also in the case of traditional dairy milk six out of twelve indicators are assessed as having bad 
performance (“profitability”, “contribution to protein security”, “saturated fat content”, “fibre 
content”, “vitamin content”, and “protein content”), but only one as having upgradeable performance 
(“yield variability”), one as having medium performance (“net margin”), and four as having good 
performance (“CAP direct support”, “production price variability”, “cholesterol content”, and “protein 
affordability”). If we look at stakeholder average performance in the lifecycle of this product, it can be 
seen that society stakeholder in production stage is the most negatively affected due to the fact that 
cattle require higher level of inputs such as food to produce milk. Consumer stakeholder in 
consumption stage is also negatively affected due to low fibre and vitamin content. On the contrary, 
society stakeholder in consumption stage is positively affected as dairy milk is a cheap source of 
protein. Farmer stakeholder is assessed as having medium performance, highlighting low price 
variability and high CAP direct support as advantages and low profitability as a disadvantage. The 
overall score for traditional dairy milk is 2,75 which is assessed as having upgradeable performance. 

 

5.1.2. Meat category: Fibre-like vegetable meat and chicken meat 

Table 16 and Table 17 below presents the results for (3) fibre-like vegetable meat alternative 
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(4) Traditional chicken meat respectively.
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Table 16. Assessment results. Fibre-like vegetable meat alternative (VMA-fibre) and Traditional meat alternative in Spain 

St
ag

e 

St
ak

eh
ol

de
r 

Indicator 

Fiber-like vegetable meat alternative (VMA-fiber) 
Lupin 

protein 
isolate 

Buckwheat 
flour Water Total 

Assessment Score Stakeholder 
average 

30g 10g 60g 100g 

Pr
od

uc
tio

n 

Fa
rm

er
 

Profitability (Output/Input) (%) 108% 117%  110% Bad 4 

3,4 
 

Net Margin (000’ euros per average farm) 3,00 6,85  3,96 Bad 4 
CAP Direct Support (% of total coupled support) 7,68% 0,00%  6% Medium 2 

Yield Variability (% of variability) 20,43% 13%  19% Bad 4 
Production Price Variability (% of variability) 22,88% 30,73%  25% Upgradeable 3 

Society Contribution to Protein Security (Kg protein/ha) 246,22 207,04  236,43 Upgradeable 3 3 

Co
ns

um
pt

io
n 

Co
ns

um
er

 Saturated Fat Content (g/100g) 0 0,33 0 0,03 Good 1 

2,2 
Fiber Content (g/100g) 0 4,2 0 0,42 Bad 4 

Vitamins Content (g/100g) 0 7,96 0 0,80 Bad 4 
Cholesterol Content (g/100g) 0 0 0 0,00 Good 1 

Protein Content (g/100g) 30,00 Good 1 
Society Protein Affordability (€/Kg of protein) 40,00 Bad 4 4 

Fiber-like vegetable meat alternative (VMA-fiber) final score Upgradeable 2,92  
Source: Own elaboration 
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Table 17. Assessment results. Traditional meat alternative in Spain 

St
ag

e  

St
ak

eh
ol

de
r 

Indicator 

Traditional Meat alternative 

Chicken 
Assessment Score Stakeholder 

average 
100g 

Pr
od

uc
tio

n 

Fa
rm

er
 

Profitability (Output/Input) (%) 132% Good 1 

1,8 
Net Margin (000’ euros per average farm) 59,32 Good 1 

CAP Direct Support (% of total coupled support) 0,00% Bad 4 
Yield Variability (% of variability) 5,95% Good 1 

Production Price Variability (% of variability) 16,70% Medium 2 
Society Contribution to Protein Security (Kg protein/ha) 403,86 Good 1 1 

Co
ns

um
pt

io
n 

Co
ns

um
er

 Saturated Fat Content (g/100g) 0,55 Good 1 

2,4 
Fiber Content (g/100g) 0 Bad 4 

Vitamins Content (g/100g) 13,29 Medium 2 
Cholesterol Content (g/100g) 70,4 Bad 4 

Protein Content (g/100g) 21,40 Good 1 
Society Protein Affordability (€/Kg of protein) 37,15 Upgradeable 3 3 

Traditional Meat alternative final score Medium 2,08  
Source: Own elaboration
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Vegetable meat  

Here again, six out of twelve indicators are assessed as having bad performance (“profitability”, “net 
margin”, “yield variability”, “fibre content”, “vitamin content”, and “protein affordability”). Two 
indicators are assessed as having upgradeable performance (“production price variability” and 
“contribution to protein security”), one as having medium performance (“CAP direct support”), and 
three as having good performance (“saturated fat content”, “cholesterol content”, and “protein 
content”). Looking at how stakeholders are affected by the lifecycle of this product, it can be seen that 
society stakeholder in consumption stage has the worst score due to high protein price, closely 
followed by farmers stakeholder in production stage with CAP direct support assessed with medium 
performance as its best indicator. Consumer is the most positively affected stakeholder with a medium 
average performance. The final score for fibre-like vegetable meat is 2.92 which is assessed as 
upgradeable performance.  

 
Chicken meat 

In this case, only three indicators are assessed as having bad performance (“CAP direct support”, “fibre 
content”, and “cholesterol content”), one as having upgradable performance (“protein affordability”), 
two as having medium performance (“production price variability” and “vitamin content”) and six as 
having good performance (“profitability”, “net margin”, “yield variability”, “contribution to protein 
security”, “ saturated fat content”, and “protein content”). If we look at how stakeholders are affected 
by the lifecycle of this product, it can be seen that society stakeholder in consumption stage is the 
most negatively affected with an upgradeable performance, followed by consumer stakeholder with a 
medium performance. Farmers stakeholder and society stakeholder both in production stage are the 
most positively affected. The overall score for traditional chicken meat is 2.08 which is assessed as 
medium performance.  
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5.2. Comparison of results 

Comparison of results is done for milk (Figure 4) and meat (Figure 556) categories using a  radar chart  
so that products features (indicators) can easily be compared. 

 

5.2.1. Vegan milk vs Traditional dairy milk 

As seen in the previous section, final scores for vegan milk and dairy milk are 3 and 2,75 respectively. 
Therefore, it can be said that vegetable-based milk has a worse overall socio-economic performance 
than its traditional counterpart. Although both are assessed as having upgradeable overall 
performance, score differences must be taken into consideration.  

 
Figure 4. Comparison of results. P2F prototype vegan milk and Traditional dairy milk. 

 

5.2.2. Vegetable fibre-like meat vs chicken meat 

Final score for vegetable fibre-like meat is 2,92 which is assessed as having upgradeable performance 
and final score for traditional meat is 2,08 which is assessed as having medium performance. It can be 
said that vegetable fibre-like meat has a worse overall socio-economic performance than its traditional 
counterpart, with more marked differences than previous comparison.  

 
Figure 5. Comparison of results. Fibre-like vegetable meat alternative (VMA-fibre) and Traditional 

meat alternative 

 
Source: Own elaboration 

With respect to each indicator, vegetable fibre-like meat has two indicators with better performance 
than its traditional counterpart (“CAP direct support” in the production stage and “cholesterol 



 43 

content” in consumption stage), three indicators with similar performance (“saturated fat content”, 
“fibre content”, and “protein content” in consumption stage), and seven indicators with worse 
performance (“profitability”, “net margin”, “yield variability”, “price variability” and “protein security” 
in production stage, and “vitamin content” and “protein affordability” in consumption stage). 

Here again it can be said that farmers stakeholder would be the most negatively affected by a 
hypothetical increase in vegetable protein consumption and a decrease in animal protein 
consumption, with only one indicator showing improvement (“CAP direct support”). Consumers 
stakeholder would be slightly benefited despite lower vitamin content thanks to lower cholesterol 
content.  

Society stakeholder would be negatively affected during the production stage and during the 
consumption stage as vegetable meat produces lower amounts of protein per hectare and is more 
expensive than chicken meat protein respectively. 

 

5.3. Cross-scale	comparison	Spain-EU	

Here, results at a Spanish scale from this analysis are compared to the ones obtained in Protein2Food 
at a European Scale for both milk and meat products.  

 

5.3.1. Milk category: Vegan milk and dairy milk 

Looking at the results from P2F socio-economic Life Cycle Analysis, similar impacts can be seen at a 
European scale with vegetable milk scoring 2,58 and dairy milk scoring 2,42 (see ANNEX III: EU scale S-
LCA results). Although they are assessed as having upgradeable and medium performance respectively, 
gaps between scores are smaller than in Spain. It is especially interesting to compare the impacts on 
stakeholders at a European and Spanish scale. Figure 6 shows how stakeholders are affected at both 
scales.  
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Figure 6. Negative socio-economic impacts of dairy milk and vegetable milk life cycles by stakeholder 
category in the EU and in Spain 

 

Source: Own elaboration 

It can be seen that at both EU and Spanish scale, farmers and society at a consumption stage would be 
negatively affected, and consumers and society at a production stage would be positively affected. 
Furthermore, all stakeholders except farmers seem to have a similar assessment profile at both 
Spanish and European scale, as no differences can be found in their final scores, despite raw data being 
slightly different. For instance, European scale animal and vegetable protein price (in society in the 
consumption stage) is different than at a Spanish scale, but given the evaluation scale in each case, 
they are similarly assessed (good and upgradeable for animal and vegetable protein respectively at 
both scales). Lastly, when looking at the average overall scores, it can be seen that differences between 
animal and vegetable products are bigger at a Spanish scale than at a European scale. Specifically, 
when moving from animal protein to vegetable protein, average negative impacts increase in less than 
2% at a European scale (going from 2.25 to 2.29 in a scale from 1 to 4) while at a Spanish scale, average 
negative impacts increase in more than 9% (going from 2.75 to 3 in a scale form 1 to 4). 

 

5.3.2. Meat category: Fibre-like vegetable meat and chicken meat 

P2F socio-economic Life Cycle Analysis shows similar differences of impacts between vegetable fibre-
like meat and traditional chicken meat at a European scale, with vegetable meat scoring 2,33 and 
chicken meat scoring 2,00 (see annex I), both assessed as having medium performance. Despite being 
both assessed as having medium performance, vegetable meat has a slightly worse performance than 
chicken meat, as it happens at a Spanish scale.  
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Figure 7. Negative socio-economic impacts of chicken meat and vegetable meat life cycles by 
stakeholder category in the EU and in Spain 

 
   Source: Own elaboration 

 

At a European scale, farmers would be negatively affected, consumers would be positively affected, 
and society would be neutral as it will be affected neither in the production nor in the consumption 
stages. Things are slightly different at a Spanish scale where consumers are positively affected but 
farmers and society both at production and consumption stage are negatively affected. In this case, 
society at a production stage is negatively affected due to the low yield of lupin in Spain, which 
translates into low protein yields compared to other product of this analysis. Society at a production 
stage is negatively affected due to higher prices of vegetable based high protein products in Spain in 
comparison with the German market, which has been used as a proxy in the European scale S-LCA. 

Lastly, when looking at the average overall scores, it can be observed that differences between animal 
and vegetable products are bigger at a Spanish scale than at a European scale. Specifically, when 
moving from animal protein to vegetable protein, average negative socio-economic impacts increase 
in less than 5% at a European scale ( from 2.11 to 2.21 in a scale from 1 to 4) whereas  at a Spanish 
scale, average negative impacts increase in more than 40% (from 2.08 to 2.92 in a scale from  1 to 4). 
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6. Discussion	
This section presents a critical analysis of relevant methodological aspects within this work, and of the 
assessment results.  

Regarding the methodology, this work supports the findings of other research (Benoit et al. 2010; 
Iofrida et al. 2018; Martínez-Blanco et al. 2014) suggesting that the selection of the functional unit is 
one of the most difficult decisions to be taken, as impacts on different stakeholders depend more on 
company decisions, sector´s specific laws or country development than on mass flows, as it occur in 
environmental analyses. In the present study, functional units were chosen from the ones analysed in 
P2F project so that a cross-scale comparison was possible. More precisely, functional units are 
products composed of different ingredients and hence different sectors. As no literature was found 
were a composed product is analysed, new methodological paths were explored, where indicators are 
weighted for each ingredient in function of its proportion in the final product.  

System boundaries may significantly influence S-LCA results (Martínez-Blanco et al. 2010), and can 
focus on one part of the life cycle of a product, like a particular sector, company or process, or can 
analyse the life cycle from “cradle to grave” (Benoit et al. 2010). Therefore, differences in the system 
boundaries of different published studies are notorious. For example, the assessment of an average 
dairy Irish farm carried out by Couture et al. (2012) focuses on the production stage at a farm level, 
including background flows or inputs (i.e., those necessary to produce the desired product but that are 
not present in it; e.g., electricity, fuel, irrigation water consumption or machine replacements), and 
discarding processing and consumption stages. Ramirez et al. (2016) analysis the life cycle of a 
company’s (Natura) cocoa-based soap bar taking into account the production at a farm level, the 
processing, and the transportation, but not the consumption stage. When comparing cut roses in 
Ecuador and in the Netherland, Franze and Ciroth (2011) consider the production at a farm level, the 
cutting, and the packaging of roses, and discard background flows, retail and transport, and 
consumption. Martinez-Blanco et al. (2010) compares the life cycle of fertilisers in Spain and in Israel 
and includes not only the three main stage of the life cycle (production, processing and consumption) 
but also the most important background flows such as electricity, water, or emissions.  

The next step that had to be taken is the selection of stakeholder categories and subcategories. The 
link between stakeholder categories and impact categories can be difficult to do (Dreyer et al. 2006) 
which is why the UNEP-SETAC guidelines proposes five stakeholder categories (Workers, Value chain 
actors, Consumers and Society), with the possibility of including or excluding categories in a justified 
manner (Benoit et al. 2010). Initially in this work, four stakeholder categories were chosen, leaving out 
value chain actors at it is implicitly considered in society and consumption stakeholders. However, due 
to lack of data to assess workers, this stakeholder had to be omitted. In addition, stakeholder 
categories have been split into subcategories to adapt the UNEP-SETAC methodology to the particular 
case of protein-rich food products analysis and comparison. The subcategories are: farmers 
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subcategory for value chain actor category; consumers subcategory for consumer category; and 
society in production stage and society in consumption stage subcategories for society category. 

Concerning the inventory analysis, Socio-economic life cycle assessment strongly relies on data 
availability, making the selection of indicators and the data collection one of the most crucial but also 
tedious steps of an S-LCA (Ciroth et al. 2011; Zanchi et al. 2018). Concerning this work, a combination 
of top-down and bottom-up indicators were selected, which allows us to specifically assess protein-
rich food products. Furthermore, they were chosen so that results of this analysis can be compared 
with results from P2F. 

 Regarding data collection, data can be site-specific or generic according to the goal of the study 
(Parent et al. 2010). In the case of this work, a site-specific data collection was discarded as too many 
sectors are involved at a national scale (FU are composed of different products, each represented by 
a different sector in Spain). As state out by Jørgensen et al. (2013) and Kathage et al. (2015), data 
availability has been one of the principal limitations to ensure the quality of results and to allow their 
comparison. In fact, all indicators belonging to the SHDB had to be discarded as this data base does 
not distinguish between animal and vegetable sectors (even though there is the option to select 
different vegetable and animal sectors such as cereals, other vegetables, cattle, or their animal, data 
seem to have been gathered from the same source as they present the same results).This has strongly 
influenced the analysis as workers stakeholders in production stage and in processing and retail stage 
were consequently eliminated, and hence the whole processing and retail stage too. Another limitation 
concerning data collection is that it is an ex ante analysis, as products have not yet been 
commercialised (Demont et al. 2009), making it difficult to precisely assess some indicators such as 
protein price. Indeed, certain uncertainty had to be taken, not only regarding the aforementioned 
aspects, but also regarding other sources of information, as depending on the selected data bases, 
results could vary significantly. For instance, protein product prices to calculate protein price were 
taken from Mercadona’s web page (Mercadona, 2019), which can be different from prices in other 
supermarkets. Also, updated agro-economic data at a farm level, that distinguish sectors 
homogenously across all European countries was difficult to find. Finally, the FADN data base was used, 
which offers data from 2010 to 2014, which could be a limitation. Protein yield per hectare to assess 
indicator contribution to protein security on products with animal origin, had to be calculated using 
the total area for EU animal feed and the total meat from animal origin, as no data was found at a 
Spanish scale. Despite all these data collection inconvenience, usual in any socio-economic or 
environmental life cycle assessment, this work has been carried out with reliable data, resulting in a 
study analysis that includes two general indicators and ten tailored indicators. 

Concerning the expert survey, indicators have been weighted but results didn’t appear to be 
significantly different than non-weighted results. This means that all indicator should weight the same 
(8,33% in the case of having 12 indicators) which is what has been done in this analysis. Nonetheless, 
more surveys should be performed to equally represent every stakeholder concerned and be sure that 
misrepresentation is not influencing results.  
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Then the evaluation scale, which can strongly bias the analysis (Parent et al., 2010). Depending on the 
objective of the analysis, and hence on the type of indicator, several methods to establish the 
evaluation scale are available (Martínez-Blanco et al. 2014). For this, most S-LCA analysis use 
Performance Reference Points (PRP) (Parent et al. 2010), which can be international consensus 
threshold ore other reliable values that can be used as threshold to rank the performance of a product 
regarding a particular indicator. This type of evaluation scale is suited to highlight hotspots during a 
product’s life cycle by looking if each assessed indicator is above or under the PRP and is also suited to 
compare products by contrasting how many indicators are above ore under the PRP in each case. In 
this work, an evaluation scale with four assessment categories was chosen (good, medium, 
upgradeable, and bad performance). To be able to compare assessment results, it was necessary that 
ingredients do not fall all in the same assessment category, which is why PRPs were calculated so that 
ingredients were distributed along the four assessment categories. Finally, following the 
recommendation of Paragahawewa et al. (2009), assessment categories have been transformed into 
semi-quantitative indicators, which allows to sum up all indicators of a product, even though relating 
semi-quantitative indicators to the FU can be difficult (Couture 2012) 

Regarding the assessment of results, five indicators relative to farm income and economic security 
were used to assess farmer stakeholder, which show that vegetable-based product have a worse 
performance profile than animal-based products. In fact, for this stakeholder all indicators show better 
performance in animal-based products except for indicator CAP voluntary support in meat category, 
as poultry meat does not beneficiate from CAP support.   

In contrast to farmer stakeholder, only one indicator related to protein yield is used to assess Society 
stakeholder in the production stage. In this case, vegetable milk has a better performance than dairy 
milk, but chicken meat has better performance than vegetable meat, hindering its interpretation. It is 
worth mentioning that vegetable milk has a very high protein yield compared to other products due 
to the fact that beetroot, used to obtain sugar, has a very high yield (around 90 tonnes per hectare) 
producing large amount of protein despite beetroot only having 6% protein. If sugar wasn’t considered, 
it can be seen that vegetable milk would actually have worse performance than dairy milk. Therefore, 
we can state that animal-based products have better performance profile than vegetable-based 
products regarding contribution to protein security.   

Consumer stakeholder is assessed with five indicators related to nutritional values and results show 
that vegetable products have better performance than animal-based products. When looking each 
indicator individually, it can be seen that, except for protein content, vegetable products stand out for 
having the same consumer stakeholder profile (good performance regarding saturated fat and 
cholesterol content, and bad performance regarding fibre and vitamin content). This may be a bias of 
the selected indicators as vegetable product may have other type of vitamins and sterols. Protein 
content in both vegetable and animal milk is similar and are normal values for this type of product 
(milk) despite being assessed with bad performance due to the chosen evaluation scale. Another 
limitation of this S-LCA when assessing consumer stakeholder is that protein digestibility and/or 
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quality, which can greatly defer between products and affect consumers’ choice, has not been 
analysed due to lack of data. In any case, it is difficult to objectively assess consumer stakeholder as 
impact largely depend on their own behaviour (Parent et al. 2013). 

In society stakeholder, vegetable meat and vegetable milk have worse performance regarding protein 
affordability at both Spanish and European scale. It can be seen in annex II that both vegetable 
products are more expensive, sometimes twice the price of their animal-based alternative. This may 
be due to different reasons like demand and fashion but can clearly be considered a hotspot in the life 
cycle of high-protein vegetable products.  

Regarding the cross-scale comparison, a clear pattern can be seen at both Spanish and European 
scales. All vegetable products have a worse socio-economic assessment profile than animal products 
regarding farmers stakeholder category, but a better performance regarding consumers stakeholder 
category. Nonetheless, socio-economic differences between vegetable and animal products are 
greater at a Spanish scale than at a European scale. This fact highlights the important of the 
geographical scale when performing a S-LCA. Furthermore, the fact that negative socio-economic 
impacts at a Spanish scale are greater than the ones at an EU scale, means that negative impacts in 
other countries must be lesser than the ones at an EU scale, which highlights the importance of the 
location when performing a S-LCA.  

7. Conclusions 

This S-LCA compares vegetable protein products and their traditional animal-based alternative. 
Findings from this analysis show that there are differences in the socio-economic performance of 
animal and vegetable-based products and hotspots along their life cycle. These findings have led to 
the next conclusions:   

• This work contributes to the enrichment of S-LCA methodology applied to food products, 
especially high-protein products. 

This work strongly contributes to the enrichment of the S-LCA methodology as no S-LCA was found 
performed on high-protein product, and few were found performed on agri-food products in general. 
It also contributes with an original method to assess composed products, where indicator data for each 
ingredient is weighted in function of its proportion in the product.  

• S-LCA data bases still need to improve regarding agri-food sectors so to distinguish different 

agricultural and food industry sectors such as vegetable or animal at an international scale. 

S-LCA methodology is relatively new, and publications have been increasing ever since the publication 
of the UNEP-SETAC guidelines in 2009. Despite this encouraging fact, socio-economic data bases suited 
to perform S-LCA in the agricultural sector must be improved to distinguish agricultural sectors 
(different types of crops, animal husbandry, food transformation industry and others) and specially the 
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SHDB. In this study, most of the preselected indicators had to be omitted due to lack of data, data 
reliability, or because data bases did not distinguish specific agricultural sectors analysed in this work. 

• Farmers, the most negatively affected stakeholder, and consumers the most positively 
affected. Same pattern than at European scale.  

In any case, a clear pattern can be seen at a Spanish scale, where farmers would be the most negatively 
affected stakeholder, and consumers would be the most positively affected. This pattern can also be 
seen at European level, where farmers are also the most negatively and consumers the most positively 
affected stakeholders, which reinforces the idea that special attention should be put on the production 
stage of plant-protein based products. Moreover, a decrease in animal-based product and an increase 
in vegetable-based products would have a more notorious impact on Spanish farmer than at European 
level, suggesting the idea that each country should be considered individually to address socio-
economic issues.  

• More differences in Meat category than in Milk category between vegetable protein products 
and animal protein products. Same pattern than at European scale. 

It can be said that negative socio-economic impacts of a hypothetical diet shift are more important for 
some products than for others. Specifically, the biggest socio-economic differences between vegetable 
and animal products can be found in meat product category both at a Spanish and European scale. 
Here again it is important to highlight that, despite having more differences between vegetable and 
animal products, meat products have better socio-economic performance profile than milk products. 
Nonetheless, socio-economic analysis is not enough to categorically declare that a product is ‘better’ 
than another one. To do so, a broader analysis, that include other aspects such as environmental 
impacts is needed. In fact, an environmental analysis was performed at a European level in the context 
of P2F showing that, unlike the socio-economic impacts, a hypothetical shift in European diet would 
have a positive environmental impact, especially regarding meat category. It is then safe to say that 
socio-economic impacts must be considered in order to achieve a policy that will prevent negative 
impacts on farmers, consumers, and society in general, and encourage them to decrease animal 
protein consumption and increase vegetable protein consumption and hence, positively affect the 
environment. 

• More differences in Spain than in Europe between vegetable protein products and animal 
protein products. 

This work has demonstrated that in general terms, products with high vegetable protein content have 
a worse socio-economic assessment profile than animal-based products. This fact is more pronounced 
at a Spanish scale (over the EU average) that at a European scale, possibly due to different reasons 
such as the importance of the agricultural sector in Spanish GDP, the level of modernisation, brand 
positioning, or others. This suggests the existence of other European countries where this fact must 
be less pronounced (under the EU average) or even countries where vegetable products have a better 
assessment profile than animal products.  
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9. Annexes	

ANNEX I. Data Collection  

The aim of this section is to display all the data used in this work. Calculations for each indicator, 
based on this data, are detailed in ANNEX II.  

This ANNEX is divided as follows: First, data from the Farm Accountancy Data Network (FADN, 
2018) is shown, which is used to calculate profitability and net margin. Second, The document 
from the commission “CAP voluntary couple support: Decision notified to the commission by 4 
August 2014” (EC, 2015) which includes data on voluntary coupled support designated per 
country and sector, and is used to calculate CAP voluntary coupled support; Third, the Food and 
Agriculture Organization Data Base (FAOStat, 2018) that includes data about yields and producer 
prices and is used to calculate yield and price variabilities; Fourth, Deliverable 5.1. of 
Protein2Food “Report on the scenarios” (IFEU, 2016) contains data on EU meat supply and on 
the area harvested for EU meat supply, which was used to calculate animal protein yield in 
kilograms per hectare; Fifth, the French Agency for Food, Environmental and Occupational 
Health and Safety (ANSES, 2018) which includes a food composition table with data on saturated 
fat, fibre, vitamins and cholesterol content per ingredient; Sixth, results from the S-LCA 
performed on protein-rich products at a European scale and available in P2F public deliverable 
D5.3 “Report on results of Socio-economic Asessment” (Blanco et al. 2018) are exposed 

A. Farm Accountancy Data Network: Economic data  

This data base provides economic information on average farms across Spain. Among others, it 
provides data for twelve sectors: Wheat, durum wheat, barley, grain maize, COP (cereals, 
oilseeds and protein crops), cattle, milk, field crops, horticulture, granivores, mixed farming, 
fruits. “Total output” and “total input” were used to calculate sectors’ profitability and net 
margin indicators. COP sector is shown in Table 18 as an example of the data available in the 
FADN.  

Table 18. Economic situation of Spanish average COP farm 
FADN variable  Unit 2010 2011 2012 2013 2014 
Total output EUR'000 41,3 40,5 35,7 44,1 46,8 

Output crops EUR'000 39,8 38,8 34,2 42,3 45,4 
Output livestock EUR'000 0,3 0,3 0,3 0,7 0,3 

Other output EUR'000 1,1 1,4 1,2 1,1 1,1 
Total input  EUR'000 34,9 36,1 38,3 42,7 41,4 
Intermediate consumption EUR'000 25,8 26,8 27,1 30,6 30,0 

Depreciation EUR'000 3,3 3,6 5,8 4,8 4,8 
External factors EUR'000 5,8 5,8 5,4 7,3 6,6 

Source: FADN (2019) 
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The correspondence between FADN’s sectors and ingredients used in P2F products are shown 
below in Table 19.  

Table 19. Correspondence between FADN sectors and P2F ingredients 

FADN sectors COP Milk Field Crops Granivores 

P2F ingredients 
Lupin Milk Sugar beet Chicken meat 

Lentil  Buckwheat Egg 
Sunflower oil    

                    Source: FADN (2019) 

B. DG Agriculture and Rural Development: CAP voluntary couple support.  

The document, from DG Agriculture and Rural Development, “CAP voluntary couple support: 
Decision notified to the commission by 4 August 2014” (EC, 2015) provides information on the 
specific amount of CAP voluntary coupled support designated to each sector in each country.  
This is used to assess the indicator CAP support. Table 20 shows the total amount designated 
per sector in Spain and its percentage over the total.  

 
Table 20. Voluntary coupled support notified by SPAIN to the commission by 1 august 2014 

Source: EC (2014) 
 

Sector CAP Voluntary coupled 
Support (Millions of €) 

Percentage (%) over total CAP 
Voluntary coupled Support 

Beef and veal 228 38,91 
Cereals 0 0,00 
Flax 0 0,00 
Fruit and Vegetables  6 1,02 
Grain legumes 1 0,17 
Hemp 0 0,00 
Hops 0 0,00 
Milk and milk products 94 16,04 
Nuts 14 2,39 
Oilseeds 0 0,00 
Olive oil 0 0,00 
Protein crops 45 7,68 
Rice 12 2,05 
Seeds 0 0,00 
Sheepmeat and goatmeat 169 28,84 
Silkworm 0 0,00 
Starch potato 0 0,00 
Sugar beet 17 2,90 
Total 586 100,00 
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C. FAOStat: Yields and producer prices 

FAOStat provides reliable data on different agricultural aspects. For this study, yield (Table 21) 
and producers’ price (Table 22) in Spain were used to calculate yield variability and producers 
price variability.  

 
Table 21. Spanish average yield from 2003 to 2017 (kg/ha) 

Year Lentil 
Yield 

(kg/ha) 

Lupin 
(kg/ha) 

Buckwheat 
(kg/ha) 

Sugar 
Beet 

(kg/ha) 

Sunflower 
(kg/ha) 

Chicken 
Meat (in 
carcass 
weight) 

(g/animal) 

Milk Yield 
(kg/animal) 

2003 720,5 684,9 1.694,60    63757,3 969,1 1982,8 5764,9 
2004 827,1 653 1.860,40    69586 1091,3 1895,5 6040,3 
2005 684,9 411 1.547,50    71408,5 738,7 1892,9 6294,7 
2006 662,3 731,6 1.000,40    68139,7 1063,6 1912,4 6570,5 
2007 857,1 755,4 1.682,50    72024,1 1220,2 1912,5 6349,8 
2008 756 765,3 1.425,00    76242,8 1194,1 1870,4 7018,7 
2009 515,4 664,4 1.549,70    84825,9 1021,6 1790,8 7037,5 
2010 770,6 607,3 1.606,90    81474,3 1271 1766,1 7674,9 
2011 529,9 667,8 1.540,00    93221,5 1263,4 1892,5 8174 
2012 414,5 417,9 1.643,30    88833,2 852,6 1872,2 7868,4 
2013 675,3 694,4 1.822,70    78621 1212,3 1635,6 7655,4 
2014 724,6 629,7 1.697,50    96925,8 1216,4 1679 8032,7 
2015 749,1 711,7 1.662,90    95867,9 1041,1 1633,5 8085,4 
2016 1128,7 943 1.736,50    91694,3 1076 1894,2 8669,3 
2017 667,2 865,2  89791,7 1161,6 1907,1 8570,3 

                       Source: FAOStat (2019) 
 
 
 

Table 22. Spanish average producer price from 2003 to 2016 (USD/tonne)  

Year Lentil  Lupin  Buckwheat  Sugar 
Beet  Sunflower  Chicken 

Meat  Milk  

2003 547,40 206,50 162,90 66,60 244,90 943,50 323,90 
2004 521,50 216,10 151,50 75,70 276,90 1064,10 382,40 
2005 584,50 238,80 147,00 68,40 314,60 1106,80 376,80 
2006 715,40 253,00 174,20 54,80 277,40 1218,60 371,60 
2007 832,80 331,60 296,20 48,00 539,70 1489,00 483,80 
2008 848,10 386,60 310,60 54,30 567,00 1499,50 555,80 
2009 844,50 340,50 195,90 51,50 312,80 1397,40 404,90 
2010 950,80 303,40 237,90 47,40 483,90 1292,90 391,60 
2011 1059,10 331,50 340,30 43,40 528,40 1603,00 429,20 
2012 1021,30 344,50 334,70 44,30 642,90 1605,30 390,60 
2013 730,30 386,20 313,50 45,10 451,00 1603,80 449,10 
2014   468,90 275,50 45,60 407,30 1516,70   
2015   380,00 216,00 42,30 404,10 1227,70   
2016   340,60 195,70 42,70 385,20 1142,00   

                       Source: FAOStat (2019) 
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D. P2F : Food supply and harvested area  

P2F Deliverable D5.1 “Report on scenarios” (IFEU, 2016) has been used to calculate animal 
protein yield per hectare to analyse its contribution to protein security. Specifically, area 
harvested for feed for EU food supply of animal origin was used. Table 23 shows EU food supply, 
specifically meat supply. Table 24 shows the area harvested for feed for EU food supply of animal 
origin. 
 

Table 23. EU food supply 

Food Commodity 
Food Supply 

[1000 t] 
Total Meat 65,288 
Pork Meat 28,523 

Poultry Meat 16,116 
Beef Meat 12,894 

Mutton and Goat Meat 2,165 
Dairy 126,107 
Eggs 6,088 

Source: IFEU (2016) 
 

Table 24. Area harvested for feed for EU food supply of animal origin 

Food Commodity 
Harvested Area 

Area Harvested in 
Total 

[1000 ha]  
Meat (in total) 65,073  

Pork Meat 17,984 
Poultry Meat 7,981 

Beef Meat 32,547 
Mutton & Goat Meat 6,560 

Dairy (in total) 21,475 
Eggs (in total) 3,084 

Source: IFEU (2016) 
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E. French agency “ANSES”: Nutritional values 

The composition table is used to determine the composition of the different ingredients used in 
P2F products. Specifically, four features that concerns consumers have been analysed, which 
are (a) saturated fat content (Table 25), (b) fibre content (Table 26), (c) vitamin content (Table 
27), (d) cholesterol content (Table 28). Additionally, protein content has been gathered to 
calculate protein yields (Table 29). 

Table 25.  Saturated fat content 
 Commodity Value (g/100g) 

Lupin/Lentil protein isolate 0 
Buckwheat flour 0.33 

Sunflower oil 10.9 
Sugar 0 

Chicken, breast, without skin, cooked 0.55 
Milk (whole, Pasteurised) 2.16 

Source: ANSES (2018) 
 

Table 26. Fibre content 
 Commodity Value (g/100g) 

Lupin/Lentil protein isolate 0 
Buckwheat flour 4.2 

Sunflower oil 0 
Sugar 0 

Chicken, breast, without skin, cooked 0 
Milk (whole, Pasteurised) 0 

 Source: ANSES (2018) 
 

Table 27. Vitamin content 
 Commodity Value (g/100g) 

Lupin/Lentil protein isolate 0 
Buckwheat flour 7.96 

Sunflower oil 58.3 
Sugar 0.019 

Chicken, breast, without skin, cooked 13.294 
Milk (whole, Pasteurised) 1.98 

Source: ANSES (2018) 
 

Table 28. Cholesterol content 
 Commodity Value (g/100g) 

Lupin/Lentil protein isolate 0 
Buckwheat flour 0 

Sunflower oil 0 
Sugar 0 

Chicken, breast, without skin, cooked 70.4 
Milk (whole, Pasteurised) 14 

Source: ANSES (2018) 
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Table 29. Protein content 
 Commodity Value (g/100g) 

Lupin 36.2 
Lentil 25.4 

Buckwheat flour 12.9 
Sunflower seeds 21.3 

Sugar beet 6.8 
Chicken, breast, without skin, cooked 21.4 

Milk (whole, Pasteurised) 3.32 
Source: ANSES (2018) 
 

F. P2F: Final product protein content  

P2F Final product protein content is based on data presented in deliverables D3.1 “Evaluation 
of commercial reference plant-based protein-rich foods” (UCC, 2016) and D3.2 “Recipes and 
optimised processing conditions for meat alternatives” (IVV, 2018). Table 30 below shows final 
product’s protein content.  

 
Table 30. Final product protein content 

Final Product Value (g/100g) 
P2F prototype VMA-fiber 30 
Traditional chicken meat 21.4 
P2F prototype vegan milk 3.3 

Traditional Dairy milk 3.32 
    Source: UCC (2016), IVV (2018), and ANSES (2018) 
 

G. Mercadona Supermaket: Final product price 

Final product’s price is based on similar products available in the market. Specifically, prices have 
been taken from Mercadona online supermarket web for Spain (Mercadona, 2019). Table 31 
below shows prices for final products analysed in this S-LCA. 

Table 31. Final product's price 

Final product Product available in the 
market denomination 

Price 
(€/packet) 

Weight 
(kg/packet) 

P2F prototype 
VMA-fibre 

KIONE Mini hamburguesas 
vegetales con guisantes y 

espinacas 4x50g 
2,4 0,2 

Traditional 
chicken meat 

Pechuga de pollo de 
campo 2un envasada 4,77 0,6 

P2F prototype 
vegan milk 

Bebida de soja UHT con 
extracto de café, calcio y 
vitaminas B2 y B12. Con 
azúcares y edulcorantes. 

1,14 1 

Traditional Dairy 
milk 

Leche Pascual Clasica 
entera 1L 0,89 1 

              Source: Mercadona (2019)  
 



 64 

H. Questionnaire	for	expert-based	weighting	of	socio-economic	indicators	
A questionnaire was developed to capture experts’ opinion on the importance that each 
indicator may have in order to reach P2F goals. For that, participants were asked to 

evaluate each indicator in a scale from 1 (less important) to 10 (more important). Then, 
the average score was calculated for each indicator before transforming them into 

percentages. The questionnaire can be seen below in pages 61 and 62. Answers and final 
percentages for each indicator can be seen in table 37. 

QUESTIONAIRE FOR STAKEHOLDER BASED WEIGHTING OF THE 
SOCIO-ECONOMIC LIFE CYCLE ASSESSMENT’S INDICATORS 

 
PROTEIN2FOOD aims to produce and market novel protein products. As part of this 

development process, a socio-economic Life Cycle Assessment (S-LCA) has been 
performed over novel P2F vegetable-based products and their traditional animal-based 

counterpart, using indicators distributed along the production and the consumption stages.  
 

We kindly request that you score the 12 indicators that conform the life cycle of 
analysed products, presented below in table 1, according to the importance they have 
from your perspective in order to increase vegetable protein production and 
consumption and decrease animal protein consumption and production. To do so, 

mark with an X the selected score for each indicator. Scores go from 1 (less important) 
to 10 (more important). 

 
Additionally, a space has been added under each indicator in case you wish to explain 

your score or add any relevant aspect that has not been included. Please, fill out the 
requested information in points 1, 2, 3 and 4 before proceeding to score the indicators. 

Do not hesitate in asking me any question. 
 

All information will be used exclusively for the development of PROTEIN2FOOD 
project’s activities.  

 

1. Please indicate your professional sector  
 

Sector Choice 

Product Production  

Product Processing and Development Companies  

Product and food distributers  

Research Centers  

Other (please indicate which sector)  

 

2. Please indicate your field of expertise: ______________________ 
3. Please indicate your country of origin: ______________________ 
4. Please indicate your gender:  ________M__________F________ 
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Table 32. Survey for S-LCA indicator weighting 

Stage SH Impact subcategory Indicator 
Importance from 1 to 10 when promoting Vegetable based protein 

consumption 
LESS IMPORTANT—MORE IMPORTANT 

Pr
od

uc
tio

n 
 

Fa
rm

er
s  Contribution to Farm Income 

Profitability 1  2  3  4  5  6  7  8  9  10  
 

Net Margin 1  2  3  4  5  6  7  8  9  10  
 

CAP Voluntary Coupled Support 1  2  3  4  5  6  7  8  9  10  
 

Economic Security 

Yield Variability 1  2  3  4  5  6  7  8  9  10  
 

Price Variability 1  2  3  4  5  6  7  8  9  10  
 

Society Contribution to Food Security Protein yield per hectare 1  2  3  4  5  6  7  8  9  10  
 

C
on

su
m

pt
io

n 
 

C
on

su
m

er
 

Product Features Relevant for 
Consumers 

Saturated Fat Content 1  2  3  4  5  6  7  8  9  10  
 

Cholesterol Content 1  2  3  4  5  6  7  8  9  10  
 

Vitamin Content 1  2  3  4  5  6  7  8  9  10  
 

Fibre Content 1  2  3  4  5  6  7  8  9  10  
 

Protein Content 1  2  3  4  5  6  7  8  9  10  
 

Society Contribution to Food Security Protein Price 1  2  3  4  5  6  7  8  9  10  
 

***MARK WITH AN X THE SELECTED SCORE FOR EACH INDICATOR 
 



 

 66 

ANNEX II. Data Processing 

The goal of this Annex is to show the calculations made to get from raw data presented in Annex I 
‘Data collection’, to the actual data used to assess the different indicators used in this S-LCA. To do so, 
an example is shown for each indicator. The indicators that are going to be addressed are: Profitability, 
net margin, CAP voluntary coupled support, yield variability, price variability, contribution to protein 
security, product features relevant for consumers and protein affordability.  

I. Profitability 

Profitability is calculated using data from the FADN data base. Specifically, the average total output 
and the average total input were calculated using data from 2012 to 2016 shown in ANNEX I. Then, 
profitability was calculated by using the output/input ratio. An example can be seen in Table 34 that 
corresponds with the COP sector. After calculating the profitability, sectors are assessed using 
assessment limits shown in Table 33. 

 
Table 33. Assessment limits of indicator profitability (Spain) 

Assessment Limits 
(Profitability) Performance Description 

>130% Good  
Limits have been established to balance ingredients 

along 
the four assessment categories 

>125% Medium  
>120% Upgradeable  
<120% Bad  

Source: Own elaboration 
 
 

Table 34. Profitability calculation and assessment of COP sector (Spain) 

FADNA sectors 

Average Total 
Outputs per 
farm in 000' 

euros between 
2010 and 2014 

Average Total 
Inputs per farm 

in 000' euros 
between 2010 

and 2014 

Profitability 
(output(€) 

/input(€)) (%) 
Assessment 

COP 41,68 38,68 107,76 Bad 
Source: Own elaboration 
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J. Net margin 

Net margin is calculated using data from the FADN data base. Specifically, the average total output and 
the average total input were calculated using data from 2012 to 2016 shown in ANNEX I. Then, net 
margin is calculated by subtracting average total inputs to average total outputs. An example can be 
seen below in Table 36 that corresponds with the COP sector. After calculating the net margin, sectors 
are assessed using assessment limits shown in Table 35. 

 
Table 35. Assessment limits of indicator net margin (Spain) 

Assessment Limits 
(Net Margin) Performance Description 

>30 Good 
Limits have been established to balance ingredients 

along 
the four assessment categories 

>15 Medium  
>5 Upgradeable 
<5 Bad  

Source: Own elaboration 
 
 

Table 36. Net margin calculation and assessment of COP sector (Spain) 

FADNA sectors 

Average Total 
Outputs per 
farm in 000' 

euros between 
2010 and 2014 

Average Total 
Inputs per farm 

in 000' euros 
between 2010 

and 2014 

Net margin 
(output-input) 

(000’ euros) 

Assessment 

COP 41,68 38,68 3,00 Bad 
Source: Own elaboration 
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K. CAP voluntary coupled support 

Data to calculate the percentage of the total voluntary coupled support designated to each sector in 
Spain has been extracted from the document “Voluntary coupled support: Decision notified to the 
Commission by 1st august 2014” (EC, 2018). After the calculation, P2F ingredients were assigned to 
sectors. This can be seen in Table 38. Finally, the assessment was done using the assessment limits 
shown in  

 

Table 37.  

 
 

Table 37. Assessment limits of indicator CAP voluntary coupled support (Spain) 
Assessment Limits (CAP voluntary 

coupled Support) Performance Description 

>7% Good  

25% deviation model has been used. 
>5.56% Medium  

>4% Upgradeable 
<4% Bad 

         Source: Own elaboration 
 
 
 
 

 
Table 38. CAP voluntary coupled support by sectors in Spain and correspondence with ingredients 

used in P2F products 

CAP sector Grain 
legumes 

Protein 
Crops 

Milk and milk 
products 

Sugar 
beet 

No voluntary 
coupled support 

Support 0,17% 7,68% 16,04% 2,90% 0.000% 

P2F ingredients Lentil Milk Sugar 
beet 

Buckwheat flour 

Lupin Chicken meat 
   Sunflower oil 

Assessment Good Good  Bad Bad  
      Source: Own elaboration 
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L. Yield variability 

Yield variability has been calculated using data from FAOStat (Table 21), specifically, using Spanish 
average yield data from 2003 to 2017.  First the average yield per sector was calculated. Then, the 
standard deviation and the coefficient of variation were calculated. The coefficient of variation is a 
value of the yield variability. The results can be seen in Table 40 shown below. Sectors were assessed 
using assessment limits shown in Table 39. 

 
 

Table 39. Assessment limits of indicator yield variability (Spain) 
Assessment Limits (Yield 

variability) Performance Description 

<9.68% Good 
25% deviation model has 

been used 
<12.91% Medium 
<16.13% Upgradeable 
>16,13% Bad 

         Source: Own elaboration 
 
 
 
 
 

 
Table 40. Yield variability between 2003 and 2017 for different sectors in Spain 

 Lentil  Lupin  Buckwheat  Sugar Beet  Sunflower  

Chicken 
Meat (in 
carcass 
weight)  

Milk  

Spanish 
average yield 

(kg/ha) 
712,21 680,17 1604,99 81494,27 1092,87 1835,83 7320,45 

Standard 
Deviation 165,14 138,96 208,63 10961,30 153,28 109,18 945,93 

Coefficient of 
variation 23,19% 20,43% 13,00% 13,45% 14,03% 5,95% 12,92% 

Assessment Bad Bad Upgradeabl
e 

Upgradeabl
e 

Upgradeabl
e Good Upgradea

ble 
Source: Own elaboration 
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M. Price variability 

Price variability has been calculated using producer price data from FAOStat (Table 22). The price is 
presented individually per country and sector (Chicken meat example in table 7), which means that 
the first calculation done was variability within countries during the period from 2003 to 2016. Then, 
the average variability across Europe was calculated. This was done for each sector. Sectors are shown 
below in Table 42, along with calculated variability for each country and the average variability for the 
whole EU. Sectors were assessed using assessment limits shown in Table 41. 

 
Table 41. Assessment limits of the indicator price variability (Spain) 

Assessment Limits 
(Price variability) Performance Description 

<16.64% Good 
25% deviation model has been 

used 
<22.19% Medium  
<27.74% Upgradeable  
>27.74% Bad  

       Source: Own elaboration 
 
 
 
 
 

Table 42. Coefficient of variation for different sectors in Spain 

 Lentil 
(USD/t) 

Lupin 
(USD/t) 

Buckw
heat 

(USD/t) 

Sugar 
Beet 

(USD/
t) 

Sunflo
wer 

(USD/t
) 

Chick
en 

Meat 
(USD/

t) 

Milk 
(USD

/t) 

Spanish average producer price 
AQUÍ UNIDADES, QUITAR DEL TÍTULO 

DE LA COLUMNA 
786,88 323,44 239,42 52,15 416,86 1336,

45 
414,
52 

Standard Deviation 184,97 73,99 70,75 10,73 123,41 223,2
0 

63,1
4 

Coefficient of variation 23,51% 22,88% 29,55% 20,57
% 

29,60
% 

16,70
% 

15,2
3% 

Assessment Upgrade
able 

Upgrade
able Bad Medi

um Bad Medi
um 

Goo
d 

Source: Own elaboration 
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N. Contribution to protein security 

Contribution to protein security refers to the protein yield per hectare. This was calculated using 
average Spanish yields (in kg per hectare) from 2003 to 2017 (data from FAOStat, Table 21) and the 
average protein composition (data from ANSES, Table 29). Non the less, animal products in FAOStat 
are presented as weight per carcass, which cannot be used to calculate protein yield in kilograms per 
hectare. Thus, animal product yield in kilograms per hectare was calculated using Table 23 and Table 
24, extracted from deliverable 5.1 “report on scenarios” (IFEU, 2016). Animal product yield can be seen 
below in Table 43, and final protein yield for all the products can be seen in Table 45. The assessment 
is done using assessment limits shown in Table 44. 

Table 43. Animal-products yield calculation 

Commodity EU Food Supply 
(thousands of tonnes) 

Area 
harvested 

for Feeding 
EU Supply 
of Animal 

Origin 
(thousands 

of ha) 

Yield 
(Kg/ha) 

Dairy Products (Milk) 12,6107 21,475 5,872 
Pork Meat 28,523 17,984 1,586 

Eggs 6,088 3,084 1,974 
Chicken 16,116 7,981 2,019 

  Source: Own elaboration 
 

Table 44. Assessment limits of indicator contribution to protein security (Spain) 
Assessment Limits 
(Contribution to 
protein security) 

Performance Description 

>356.09 Good  

30% deviation model has been used 
>273.92 Medium  
>191.74 Upgradeable 
<191.74 Bad 

            Source: Own elaboration 
 

Table 45. Protein yield of different commodities in Spain 

Commodity 
Protein 

content (kg 
protein/ kg) 

Yield (kg/ha) 
Protein 

yield (Kg 
protein/ha) 

Assessment 

Lupin 0,362 680,17 246,22 Upgradeable 
Lentil 0,254 712,21 180,90 Bad 

Buckwheat 0,129           1.604,99    207,04 Upgradeable 
Sunflower seeds 0,213 1092,87 232,78 Upgradeable 

Sugar Beet 0,068 81494,27 5541,61 Good 
Chicken 0,2 2019,29 403,86 Good 

Milk 0,03 5872,27 176,17 Bad 
           Source: Own elaboration 
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O. Product features relevant for consumers 

Product features relevant for consumers consist in a series of five indicator assessing saturated fat 
content, fibre content, vitamin content, cholesterol content, and protein content. Products’ 
compositions have been extracted from the French Food Composition Table Tool (ANSES, 2018) shown 
in Table 25 (saturated fat), Table 26 (fibre), Table 27 (vitamins) and Table 28 (cholesterol), and from 
Deliverables D3.1 (UCC,2016) and D3.2 (IVV, 2018) shown in Table 30 (final product protein content). 
No calculation was done except for the average value of each feature. Saturated fat and protein 
content are shown below in Table 47 and Table 49 as examples. Assessments were done using 
assessment limits shown in Table 46 for saturated fat content and in Table 48 for protein content. The 
three other features (fibre, vitamins and cholesterol content) were assessed in the same way, and 
assessment limits have all been calculated by adding up and down 25% of the average of each feature.  

 
Table 46. Assessment limits of indicator saturated fat content 

Assessment Limits 
(Saturated fat content) Performance Description 

<1.12 Good 
25% deviation model has been 

used 
<1.49 Medium  
<1.86 Upgradeable 
>1.86 Bad  

              Source: Own elaboration 
 

Table 47. Saturated fat content 
 Commodity Value (g/100g) Assessment 

Lupin/Lentil protein isolate 0 Good 
Buckwheat flour 0.33 Good 

Sunflower oil 10.9 Bad 
Sugar 0 Good 

Chicken, breast, without skin, cooked 0.55 Good 
Milk (whole, Pasteurised) 2.16 Bad 

Source: Own elaboration 
 

 
Table 48. Assessment limits of indicator protein content 

Assessment Limits 
(Protein content) Performance Description 

>13 Good 
Limits have been established to 
balance ingredients along the 

four assessment categories 

>9 Medium  
>5 Upgradeable 
<5 Bad  

              Source: Own elaboration 
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Table 49. Protein content 
Final product Value (g/100g) Assessment 

P2F prototype VMA-fibre 30 Good 
Traditional chicken meat 21.4 Good 
P2F prototype vegan milk 3.3 Bad 

Traditional Dairy milk 3.32 Bad 
Source: Own elaboration 
 

P. Protein Affordability 

Protein affordability has been calculated based on protein content of P2F and traditional final products 
and on prices of similar products available on the market. Thus, Table 30 (final product protein content) 
and Table 31 (final product’s price) were used to calculate the price of protein in euros per kilogram. 
Table 51 below shows protein prices provided by products analysed in this S-LCA. Assessment limits 
are shown in Table 50. 

 
Table 50. Assessment limits of indicator protein affordability (Spain) 

Assessment Limits 
(Protein affordability) Performance Description 

<29,09 Good  
15% deviation model has been 

used 
<34,22 Medium  
<39,35 Upgradeable  
>39,35 Bad  

   Source: Own elaboration 
 

Table 51. Protein price of final products in Spain 

Final product 

Protein 
content (Kg 
protein/kg 
product) 

Final product 
price (€/kg 

product) 

Protein 
price (€/Kg 

protein) 
Assessment 

P2F prototype VMA-fibre 0,3 12 40,00 Bad 
Traditional chicken meat 0,214 7,95 37,15 Upgradeable 
P2F prototype vegan milk 0,033 1,14 34,55 Upgradeable 

Traditional Dairy milk 0,0332 0,89 26,81 Good 
Source: Own elaboration 
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ANNEX	III:	EU	scale	S-LCA	results	
 
The following tables show results of the S-LCA performed at a European scale over the same 
protein-rich food products that are analysed in this work, and available in P2F public deliverable 
D5.3 “Report on results of Socio-economic Assessment” (Blanco et al. 2018). They have been 
used in this work to compare European and Spanish scale results. Table 53 and Table 54 show 
results for vegetable milk and dairy milk respectively and Table 55 and Table 56 show results for 
vegetable meat and chicken meat respectively. Finally, Table 52 shows the evaluation scale used 
to assess products at a European scale.  
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Table 52. Evaluation scales by indicator 

Indicator 
Evaluation scale 

Description Bad 
Performance 

Upgradeable 
Performance 

Medium 
Performance 

Good 
Performance 

Profitability <100% >100% >105% >110% 
Limits have been established to balance ingredients along the four 

assessment categories 
Net Margin <0 >0 >5 >10 

CAP Coupled 
Support <1% >1% >10% >20% 

Yield Variability >13.30% <13.30% <10.64% <7.98% 25% deviation model has been used. Price Variability >31.90% <31.90% <25.52% <19.14% 
Protein Security <243.83 >243.83 >348.33 >452.84 30% deviation model has been used. 

Saturated Fat 
Content >1.86 <1.86 <1.49 <1.12 

25% deviation model has been used. Fiber Content <3.45 >3.45 >4.61 >5.76 
Vitamins Content <8.29 >8.29 >11.05 >13.82 

Cholesterol 
Content >38.83 <38.83 <31.06 <23.30 

Protein Content <5 <9 <13 >13 Limits have been established to balance ingredients along the four 
assessment categories 

Protein 
Affordability >73.64 <73.64 <58.90 <44.18 25% deviation model has been used. 

Final score 
assessment >3,25 >2,5 >1,75 < 1,75  

     Source: Own elaboration based on Protein2food (Blanco et al., 2018) 
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Table 53. Assessment results. P2F prototype vegan milk in EUROPE 

St
ag

e  

St
ak

eh
ol

de
r  Indicator P2F prototype vegan milk 

Lentil 
Protein 
Isolate 

Sunflower 
oil 

Sugar Water Total Assessment Score Stakeholder 
average 

3,4g 3,3g 1,7g 91,6g 100g 

Pr
od

uc
tio

n 

Fa
rm

er
 

Profitability (Output/Input)% 106% 106% 108%   106% Medium 2 2,6 
Net Margin (000’ euros per average farm) 3,82 3,82 5,10   4,08 Upgradeable 3 

CAP Direct Support (% of total coupled support) 10,88% 0,02% 4,00%   5,22% Upgradeable 3 
Yield Variability (% of variability) 5,57% 10,95% 11,27%   8,84% Medium 2 

Production Price Variability (% of variability) 29,85% 28,80% 18,26%   27,09% Upgradeable 3 
Soc. Contribution to Protein Security (Kg protein/ha) 228,27 388,76 4553,02   1166,57 Good 1 1 

Co
ns

um
pt

io
n 

Co
ns

um
er

 Saturated Fat Content (g/100g) 0,00 10,90 0,00 0,00 0,36 Good 1 2,8 
 Fiber Content (g/100g) 0,00 0,00 0,00 0,00 0,00 Bad 4 

Vitamins Content (g/100g) 0,00 58,30 0,00 0,00 1,92 Bad 4 
Cholesterol Content (g/100g) 0,00 0,00 0,00 0,00 0,00 Good 1 

Protein Content (g/100g) 3,30 Bad 4 
Soc. Protein Affordability (€/Kg of protein) 68,18 Upgradeable 3 3 

P2F prototype vegan milk final score Upgradeable 2,58  
Source: Own elaboration based on Protein2food (Blanco et al., 2018) 
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Table 54. Assessment results. Traditional dairy milk in EUROPE 

St
ag

e 

St
ak

eh
ol

de
r 

Indicator 

Traditional dairy milk 

Milk 
Assessment Score Stakeholder 

average 

100g 

Pr
od

uc
tio

n 

Fa
rm

er
 

Profitability (Output/Input)% 115% Good 4 

1,4 
 

Net Margin (000’ euros per average farm) 13,90 Good 2 
CAP Direct Support (% of total coupled support) 20,09% Good 1 

Yield Variability (% of variability) 6,56% Good 3 

Production Price Variability (% of variability) 27,99% Upgradeable 1 
Soc. Contribution to Protein Security (Kg protein/ha) 176,17 Bad 4 4 

Co
ns

um
pt

io
n 

Co
ns

um
er

 Saturated Fat Content (g/100g) 2,16 Bad 4 

3,4 
Fiber Content (g/100g) 0,00 Bad 4 

Vitamins Content (g/100g) 0,04 Bad 4 
Cholesterol Content (g/100g) 14,00 Good 1 

Protein Content (g/100g) 3,32 Bad 4 
Soc. Protein Affordability (€/Kg of protein) 31,63 Good 1 1 

Traditional dairy milk final score Upgradeable 2,42  

Source: Own elaboration based on Protein2food (Blanco et al., 2018) 
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Table 55. Assessment results. Fibre-like vegetable meat alternative (VMA-fibre) and Traditional meat alternative in EUROPE 

St
ag

e 

St
ak

eh
ol

de
r 

Indicator 

Fiber-like vegetable meat alternative (VMA-fiber) 
Lupin 

protein 
isolate 

Buckwheat 
flour Water Total 

Assessment Score Stakeholder 
average 

30g 10g 60g 100g 

Pr
od

uc
tio

n 

Fa
rm

er
 

Profitability (Output/Input)% 106% 108%  106% Medium 2 

2,6 
 

Net Margin (000’ euros per average farm) 3,82 5,10  4,14 Upgradeable 3 
CAP Direct Support (% of total coupled support) 10,88% 0,00%  8,16% Upgradeable 3 

Yield Variability (% of variability) 11,18% 13,00%  11,64% Upgradeable 3 
Production Price Variability (% of variability) 23,07% 30,73%  24,98% Medium 2 

Society Contribution to Protein Security (Kg protein/ha) 511,51 207,04  435,39 Medium 2 2 

Co
ns

um
pt

io
n 

Co
ns

um
er

 Saturated Fat Content (g/100g) 0,00 0,33 0,00 0,03 Good 1 

2,2 
 

Fiber Content (g/100g) 0,00 4,20 0,00 0,42 Bad 4 
Vitamins Content (g/100g) 0,00 7,96 0,00 0,80 Bad 4 

Cholesterol Content (g/100g) 0,00 0,00 0,00 0,00 Good 1 
Protein Content (g/100g) 30,00 Good 1 

Society Protein Affordability (€/Kg of protein) 55,37 Medium 2 2 
Fiber-like vegetable meat alternative (VMA-fiber) final score Medium 2,33  

Source: Own elaboration based on Protein2food (Blanco et al., 2018) 

 

 

 

 

 

 



 

 79 

Table 56. Assessment results. Traditional meat alternative in EUROPE 
St

ag
e  

St
ak

eh
ol

de
r 

Indicator 

Traditional Meat alternative 

Chicken 
Assessment Score Stakeholder 

average 
100g 

Pr
od

uc
tio

n 

Fa
rm

er
 

Profitability (Output/Input)% 111% Good 1 

1,6 
Net Margin (000’ euros per average farm) 32,10 Good 1 

CAP Direct Support (% of total coupled support) 0,00% Bad 4 
Yield Variability (% of variability) 3,02% Good 1 

Production Price Variability (% of variability) 17,38% Good 1 
Society Contribution to Protein Security (Kg protein/ha) 403,86 Medium 2 2 

Co
ns

um
pt

io
n 

Co
ns

um
er

 Saturated Fat Content (g/100g) 0,55 Good 1 

2,4 
Fiber Content (g/100g) 0,00 Bad 4 

Vitamins Content (g/100g) 13,29 Medium 2 
Cholesterol Content (g/100g) 70,40 Bad 4 

Protein Content (g/100g) 21,40 Good 1 
Society Protein Affordability (€/Kg of protein) 46,73 Medium 2 2 

Fiber-like vegetable meat alternative (VMA-fiber) final score Medium 2  
Source: Own elaboration based on Protein2food (Blanco et al., 2018) 


