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Abstract

BACKGROUND: Extensive research shows that replacing animal protein with plant-based protein in the diet would strongly
alleviate the environmental impact of the food system. However, much less attention has been given to the socio-economic
considerations of dietary transitions. This study analyses the socio-economic performance of innovative legume-based food
prototypes, developed in the Protein2Food research project, and conventional animal-based products (chickenmeat and dairy
milk). We implement a social life cycle assessment (sLCA) to quantify and compare their potential socio-economic impacts along
the entire life cycle.

RESULTS: Findings from this analysis show that legume-based prototypes and their respective animal-based counterparts have,
overall, a comparable socio-economic performance. Looking at the disaggregated life cycle stages, socio-economic hotspots
(points of most negative impacts) were mainly identified at the production stage in legume-based products. Farm-level net
margin and profitability are low when compared with their animal equivalents. However, at the processing stage, there are
socio-economic gains for plant-based products regarding lower unemployment rates. Finally, at the consumption stage, there
are mixed results. Plant-based products show worse protein affordability but better nutritional contents (lower saturated fat
and cholesterol) than their animal counterparts.

CONCLUSIONS: To improve socio-economic performance of legume-based foods, greater emphasis should be placed upon
developing improved processing technologies and supply chains. This would broaden the supply of sustainable protein-rich
food options and make these products more economically attractive. The research illustrates that policies should be targeted
to the different stages of the food value chain to optimize the development of innovative plant-based foods.
© 2021 The Authors. Journal of The Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of
Chemical Industry.
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INTRODUCTION
Global consumption and production of animal-based products
has increased over recent decades,1 and further increases are
expected in the future.2,3 These increases have been linked
to the degradation of terrestrial, aquatic and climatic
systems,4-6 and to increased prevalence of non-communicable
diseases (NCDs) (e.g., coronary heart disease, diabetes and
cancer).7,8 These impacts have led to these dietary trends
being described as unsustainable and encouraged an increas-
ingly vocal debate calling for transitions away from these
products.9,10

The growing body of literature calling for these transitions out-
lines the potential of replacing animal-based products with plant-
based products.9,11 Research suggests that adoption of diverse
and largely plant-based diets could reduce dietary-based emis-
sions, reduce agriculturally driven environmental degradation,

supply adequate calories for growing global populations and
avert diet-related avoidable deaths.12-14
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The benefits generated from plant-based diets are being noted
beyond the scientific community, with European consumers shift-
ing towards more plant-based foods.15 As a consequence, the
plant-based food market in the European Union (EU), largely
based on legume-based products, is undergoing unprecedented
growth,16 some of which may be associated with increased infor-
mation reaching consumers about the environmental and health
benefits of consuming plant-based products.17,18

Extensive environmental research and life cycle assessments
have demonstrated the environmental benefits of dietary transi-
tions, with legume-based products being more climate friendly
and resource efficient compared to animal-based equivalents
(e.g., they generate less greenhouse gas emissions, and require
less N fertilizer, land and water resources).19,20 However, the
intense focus on the environmental impacts has been to the det-
riment of socio-economic considerations of dietary transitions
(impacts on farm income, wages and salaries, employment, con-
sumers' affordability, etc.).21 Although some studies have
addressed consumers' perceptions and intentions towards the
substitution of animal-based products using legumes and
protein-rich crops,18,22,23 little or no attention has been paid to
the direct social and economic impact of such replacements.24

The present study addresses this research gap by generating
information on the socio-economic impacts of animal-based
alternatives based on legumes. We implement a social life cycle
assessment (sLCA) to quantify the potential impacts generated
by food products during all stages of their life cycles (i.e., from
farm to fork). Specifically, we analyse the performance of two
new plant-based prototypes (lupin-based meat and lentil-based
milk), developed in the EU research project Protein2Food (P2F)
(‘Development of high-quality food protein through sustainable
production and processing’, No. 635727-2, Horizon 2020 Frame-
work Programme, EU Commission), and compare them with two
conventional animal-based counterparts (chicken meat and dairy
milk). This study complements the study of Detzel et al.,25 in which
the same food products are analysed from an environmental per-
spective using an environmental life cycle assessment (eLCA).
Both the sLCA and eLCA analyses focus on the European market
(EU 28); i.e., all life cycle steps take place within Europe.
Ultimately, the present study aims to provide relevant informa-

tion to policymakers, businesses, producers, consumers and other
stakeholders about socio-economic hotspots and optimization
potential in the development and production of innovative
plant-based foods. It therefore helps to provide an integrated
evaluation of innovative products of plant origin, facilitating bet-
ter informed decisions about EU plant-based choices.

METHODOLOGY: SOCIAL LIFE CYCLE
ASSESSMENT (SLCA)
The ‘social life cycle assessment’ (sLCA) methodology evaluates the
potential socio-economic impacts of a product during its lifetime.26

Developed in the 2000s, under the methodological framework of
life cycle thinking (LCT), sLCA is considered one of the best tools
to complement environmental life cycle assessments (eLCA) – the
most popular LCT method.27 sLCA evaluates the performance of
products using social and economic indicators classified across
stakeholder categories. Stakeholder categories represent groups
of social agents potentially impacted by the production of a specific
product, and form the basis of a sLCA.26

The sLCA method is constantly being refined and has yet to be
developed to parallel the eLCA. The availability of databases and

indicators for sLCA analyses is still limited compared to eLCA.28 Due
to the complexity of social issues, diverging sLCA approaches are
available.29 The most recognized approach is the ‘sLCA Guidelines’,
established by the UNEP-SETAC Life Cycle Initiative30 and recently
updated.31 A standardized methodology (like eLCA) has yet to be
developed, limiting widespread implementation.32 However, sLCA
is being increasingly applied and used across sectors, particularly in
the food sector (e.g., Chen et al.33 on milk, Petti et al.34 on tomato,
Kruse et al.35 on salmon and or Feschet et al.36 on banana).
The methodology applied in this study follows the rules and

processes described in the sLCA guidelines,30 but adapted to
the context of the study. The sLCA has been conducted separately
but in parallel with the eLCA performed in P2F,20,25 to provide a
coherent and comprehensive assessment of food products in
the project. It follows three consecutive phases: scope definition,
inventory analysis and impact assessment.

Scope definition
This phase is critical in any sLCA as it includes the definition of the
functional unit and system boundaries.37

In the present study, and following the eLCA developed in P2F,20,25

the functional unit is a mass-based unit that corresponds to 100 g of
product. This amount is used as reference to directly compare the
social and economic impact of one food product with another.
The system boundaries include the identification of the prod-

uct's life cycle stages, affected stakeholder groups and impact cat-
egories. These boundaries set the limits within which socio-
economic indicators are identified and are commonly used to
summarize results.
The life cycle of food products has been represented through

the three main stages of the agri-food chain, following Martínez-
Blanco et al.32 and Sala et al.:38 production that is related to crop
and animal production at farm level; processing representing all
processes performed by the food industry and distributors; and
consumption, which extends from the moment of purchase until
the product is finally consumed.
The identification of stakeholders was based on the sLCA guide-

lines30 and Revéret et al.,39 taking into account the life cycle
stages previously defined. In total, five stakeholder categories
have been selected: agricultural workers, who are employees that
work in farms or holdings engaged in the production of agricul-
tural and livestock products; processing and retail workers, who
are employees working in the processing and retail sectors;
farmers, representing owners of agricultural and livestock hold-
ings (mainly family-owned farms); consumers, who are the people
that buy the products for personal use; and society, which refers to
the aggregate of people, institutions and interest groups that
share customs, laws and acknowledged social values.
Impact categories represent significant social and economic

themes to be assessed through the use of indicators.30 For their
selection, we used a combined top-down and bottom-up
approach, integrating internationally recognized categories and
the perspectives of affected stakeholders.35,40 We reviewed the
impact categories proposed in ISO standards, in particular the
sLCA guidelines,30 with regard to their applicability in the context
of the study. We also made use of P2F stakeholder consultation to
identify key socio-economic issues directly related to the produc-
tion of protein-rich food products, as well as potentially affected
stakeholder groups. Stakeholders were consulted during the sec-
ond annual meeting of the P2F project held in Caserta (Italy) in
May 2017. This meeting was attended by 38 P2F partners and
12 EU stakeholders, namely representatives of farmers'
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associations, food processors and distributors, research institu-
tions, non-profit consumers' groups and environmental organiza-
tions.41 The combined top-down and bottom-up approach
enabled the identification of 13 impact categories: fair salary,
hours of work, equal opportunities/discrimination, health and
safety, contribution to farm income, economic security, manage-
ment attributes, contribution to economic development, contri-
bution to food security, commitment to sustainability issues,
choice, product features relevant for consumers and contribution
to protein affordability.

Inventory analysis
Inventory analysis refers to the selection of socio-economic indi-
cators and the collection of data and, therefore, is one of the most
crucial and complicated steps in an sLCA.

Initially, socio-economic indicators were shortlisted following
the combined top-down/bottom-up approach previously
defined. The top-down method (revision of sLCA guidelines)
was used to obtain ‘generic’ indicators, while the bottom-up
approach (stakeholder consultation) served to identify ‘tailored’
(context-specific) indicators. Shortlisted indicators were then
revised with respect to data availability (known as ‘system
refinement’),42 with a final list of indicators selected. In total,
28 socio-economic indicators were evaluated (Table 1). These
indicators are aggregated into impact categories, which are fur-
ther aggregated into stakeholder categories and life cycle stages.
The main source of information used to populate the general

indicators is the Social Hotspot Database (SHDB).43 This database
provides models of supply chains by country-specific sectors and
compiles information on different social indicators issued by gov-
ernments and international organizations (e.g., International

Table 1. List of socio-economic indicators applied in sLCA

Stage Stake holder Impact category Indicator

Agricultural
workers

Fair salary Average wage (AW) below non-poverty guideline (NPL)a

(semi-quantitative score: 1 for NPL > AWby>50%; 2 for NPL > AWby 25–50%; 3
for NPL > AW by <25%; 4 for NPL < AW)

Production Average wage (AW) below minimum wage (MW)a

(semi-quantitative score: 1 for MW > AW by >25%; 2 for MW > AW by 0–25%; 3
for MW < AW by <25%; 4 for MW < AW by >25%)

Hours of work Share of employees working more than 48 h/week (%)a

Discrimination Share of women in the labour force (%)a

Health and safety Fatal injuries at workplace (no. of cases per 100 000 workers)a

Non-fatal injuries at workplace (no. of cases per 100 000 workers)a

Unemployment Unemployment rate (€)a

Labour laws Laws enacted to protect sector specific workers (no.)a

Farmers Contribution to
farm income

Profitability ratio (output/input) (%)b

Net margin (output − input) (€000)b

Share of voluntary coupled support from the direct payment budget of the EU
Common Agricultural Policy (%)b

Economic security Yield variability (relative standard deviation) (%)b

Production price variability (relative standard deviation) (%)b

Society Contribution to
food security

Protein security (kg protein ha−1)b

Processing Processing and
retail workers

Fair salary Average wage (AW) below non-poverty guideline (NPL)a

(semi-quantitative score: 1 for NPL > AWby>50%; 2 for NPL > AWby 25–50%; 3
for NPL > AW by <25%; 4 for NPL < AW)

Average wage (AW) below minimum wage (MW)a

(semi-quantitative score: 1 for MW > AW by >25%; 2 for MW > AW by 0–25%; 3
for MW < AW by <25%; 4 for MW < AW by >25%)

Hours of work Share of employees working more than 48 h/week (%)a

Equal opportunities Share of women in the labour force (%)a

Health and safety Fatal injuries at workplace (no. of cases per 100 000 workers)a

Non-fatal injuries at workplace (no. of cases per 100 000 workers)a

Unemployment Unemployment rate (€)a

Labour laws Laws enacted to protect sector specific workers (no.)a

Consumption Consumer Product features
relevant for consumers

Saturated fat content (g 100 g−1 of product)b

Fibre content (g 100 g−1 of product)b

Vitamin content (g 100 g−1 of product)b

Cholesterol content (g 100 g−1 of product)b

Protein content (g 100 g−1 of product)b

Society Contribution to food security Protein affordability (€ kg−1 protein)b

a Generic indicators.
b Tailored indicators.
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Labour Organization, World Health Organization, World Bank).
Regarding tailored indicators, a variety of data sources has been
used. Data relating to farms' economic factors (profitability and
net margin) were obtained from the European Farm Accountancy
Data Network. Information on Common Agricultural Policy (CAP)
voluntary coupled support was taken from EU Commission docu-
ments.44,45 Yield and price data (from 2003 to 2016) were
obtained from FAOStat to calculate yield and production price
variability.46 FAO Balance Sheets46 and IFEU (Institut für Energie-
und Umweltforschung)47 were used to calculate protein yields
as a proxy of contribution to protein security. Data concerning
protein content and other nutritional values (such as vitamin,
fibre, saturated fat, and cholesterol content) were obtained from
the food composition table of the French Agency for Food, Envi-
ronmental Health and Safety (ANSES)48 and P2F reports.49,50

Finally, prices of vegetable- and animal-based products, used to
calculate protein affordability, have been obtained from IVV
(Fraunhofer-Institut für Verfahrenstechnik und Verpackung),49

UCC (University College Cork)50 and supermarkets' web sites.51,52

Impact assessment
The assessment phase is where the sLCA methodology is applied
and, consequently, where results are shown for each product.
In the present study, the assessment is done first at the ingredi-

ent level. All ingredients of a product are evaluated according to
selected indicators (Table 1). Then, by considering the composi-
tion of the product and the weight of the ingredients (as a per-
centage) per functional unit, a weighted average value is
derived for each indicator for the product being assessed.
Finally, following UNEP-SETAC,30 each indicator is classified into

four performance categories defined as: goodperformance (green);
mediumperformance (yellow); upgradeable performance (orange);

and bad performance (red). In the case of ‘generic’ indicators, the
performance categories were delimited using the SHDB's thresh-
olds. For ‘tailored’ indicators, thresholdswere established according
to the 25% deviation model (i.e., adding, up and down, a 25% devi-
ation from the average), which is widely used in the SHDB. The eval-
uation scale, with the thresholds chosen for each performance
category and each indicator, is shown in Table 2.
Following Carmo et al.,53 all indicators are assumed to have the

same weight. Thus, by simply averaging the performance score of
each indicator (good performance indicators were assigned a
numerical score of 1; medium performance indicators 2; upgrade-
able performance indicators 3; and bad performance indicators 4),
aggregated results were obtained at the level of stakeholder cat-
egory and overall food product.
Final scores give an idea of the overall performance of a product

but cannot be used to categorically declare some food products
as superior to others. In line with UNEP's approach, this study
focuses on gaining an understanding of what are the most impor-
tant differences between products, and at which point in the life
cycles these differences are located. It thus helps to identify areas
where policy interventions might be worth discussing and
thereby may contribute to achieve more effective policies.

RESULTS
The socio-economic performance of selected food products is
shown in Figs 1 and 2, according to the evaluation scale described
in Table 2 (1: good performance; 2: medium performance; 3:
upgradeable performance; and 4: bad performance). Figure 1 dis-
plays aggregate results by stakeholder category, life cycle stage
and food product, while Fig. 2 shows disaggregate results at indi-
cator level depicted in a radar-type layout. Figure 2(a) compares

Table 2. Evaluation scales by indicator

Indicator

Evaluation scale

Bad performance Upgradeable performance Medium performance Good performance

Average wage (AW) being lower than non-poverty
guideline (NPL) (No units)

<1.75 1.75–2.5 2.5–3.25 >3.25

Average wage (AW) being lower than minimum wage
(MW) (no units)

<1.75 1.75–2.5 2.5–3.25 >3.25

Excessive working time (%) >50 25–50 10–25 <10
Gender equality (%) <10 10–20 20–33 >33
Fatal injuries (no.) >10 5–10 1–5 <1
Non-fatal injuries (no.) >2000 500–2000 100–500 <100
Unemployment (%) >1 0.5–1 0.1–0.5 <0.1
Labour laws (no.) 0 1 2 >2
Profitability (%) <100 100–105 105–110 >110
Net Margin (€000) 0 0–5 5–10 >10
CAP coupled support (%) >1 1–10 10–20 >20
Yield variability (%) >13 11–13 8–11 <8
Price variability (%) >32 25–32 19–25 <19
Protein security (kg ha−1) <244 244–348 348–453 >453
Saturated fat content (g 100 g−1) >1.9 1.5–1.9 1.1–1.5 <1.1
Fibre content (g 100−1) <3.5 3.5–4.5 4.5–6 >6
Vitamin content (g 100−1) <8 8–14 11–14 >14
Cholesterol content (g 100−1) >39 31–39 23–31 <23
Protein content (g 100−1) <5 5–9 9–13 >13
Protein affordability (€ kg−1) >74 59–74 44–59 <44
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P2F fibre-like vegetable meat (lupin-based meat alternative) with
traditional chicken meat, and Fig. 2(b) compares P2F prototype
vegan milk (lentil-based milk alternative) with traditional dairy
milk. Numerical values for each ingredient are included in the
Supporting Information (Tables S1–S4).
Results show that differences over final scores are very subtle,

and the four products analysed could all be classified as having
a medium-upgradeable socio-economic performance. The aggre-
gate final score for P2F fibre-like vegetable meat is 2.21, for tradi-
tional chicken meat 2.1, for P2F prototype vegan milk 2.3 and for
traditional dairy milk 2.25 (Fig. 1 and Tables S1–S4 in the Support-
ing Information). These numbers must be interpreted carefully,
considering that they only refer to socio-economic impacts, and
that indicators do not necessarily have to have the same weight
and importance for society and the economy. Also, the data pre-
sented rely on a variety of assumptions, and thus the final score
should not be taken as an absolute result but rather as a tool of
comparison.
When looking at the more detailed results by stakeholder cate-

gory and indicator level (Figs 1 and 2), the analysis shows that
there are clearly distinct socio-economic differences among prod-
ucts. These differences are more noticeable between vegan and
traditional milk products than between vegan and traditional
meat products, in part due to the more complex ingredient com-
position of the P2F prototype vegan milk. Also, they are more evi-
dent at the production and consumption stage, where tailored
indicators are considered, and therefore a more detailed discrim-
ination between alternatives can be achieved.
At the production stage, the performance of P2F prototypes and

traditional counterparts varies greatly at the farmer and society
levels (Fig. 1). Farmers face less favourable conditions in the case
of vegetable products than in the case of animal-based products,
measured by the contribution to farm income and economic
security. As seen in Fig. 2, the indicators ‘profitability’ and ‘net
margin’ have medium and upgradeable performances, respec-
tively, for vegetable products, whereas their performance is good
in the case of their traditional counterparts. This can be explained
by the profitable margins of intensive and semi-intensive produc-
tion systems operating in livestock production, particularly in
poultry meat. Furthermore, the results for ‘yield variability’ and,
to a lesser extent, ‘production price variability’ are worse in vege-
table products because they have larger production and market
risks than their animal-based alternatives. The ‘CAP voluntary

coupled support’ presents contrasting results. Dairy milk products
have a good performance because they receive significant
coupled support payments (more than 20% of the total coupled
aid in the EU). In contrast, chicken meat has null support (it is
not an eligible sector), and therefore it presents a bad perfor-
mance. Vegetable products show an upgradeable performance,
due to the limited amount of coupled support payments that pro-
tein crops and grain legumes have currently received from the
CAP (10.88% of the total coupled aid), justified by their environ-
mental benefits (e.g., nitrogen-fixing capacity). Finally, at society
level, differences between products can only be appreciated in
the case of milk. ‘Protein security’ has a good performance in
vegetable-based milk, while it shows a bad performance in dairy
milk. This is because lentils, sunflower seeds and sugar beet
(ingredients of vegetable-based milk) have a higher protein con-
tent (kilograms of protein per kilogram of product) than milk
and, in the case of sugar beet, very high yields (up to 80 t ha−1

and year between 2003 and 2016), which translates into high pro-
tein yields.
The processing stage shows a slightly better overall picture for

vegetable products regarding fair salary (‘average wage being
lower than non-poverty guideline’), health and safety (‘non-fatal
injuries’) and ‘unemployment’ (Figs 1 and 2). The largest differ-
ences are found for processing and retail workers in relation to
unemployment. In the case of both meat and milk, vegetable
products show lower unemployment rates (medium perfor-
mance) than their traditional counterparts (upgradeable perfor-
mance). Moreover, regarding fair salary, vegetable meat has a
better performance (good) than chicken meat (medium). This is
because plant-based products require more processing than tra-
ditional meat products and their manufacturing industry is grow-
ing rapidly, providing new opportunities and better employment
conditions for processing and retail workers. In the case of milk,
differences can also be perceived for the indicator of non-fatal
injuries. This indicator shows bad performance for dairy milk
and upgradeable performance for vegan milk, partly due to
recent investments in new and safer food-processing equipment
needed to use many different plant-based ingredients. The only
indicator in which plant-based products perform worse than
animal-based products is labour laws. This can be explained by
the fact that animal-based products are more regulated, and
therefore show a better performance (medium) than vegetable
products (upgradeable) with regard to labour laws.
At the consumption stage, we can observe clear differences

between animal-based and plant-based products for consumers
and, to a lesser extent, for society (Fig. 1). In general, consumers
are positively affected by plant-based products, regarding ‘satu-
rated fat’, ‘fibre’, ‘cholesterol’ and ‘protein’ content (Fig. 2, and
Tables S1–S4 in Supporting Information). The amount of saturated
fat and cholesterol in vegetable meat and milk is lower compared
to chicken meat and dairy milk. Thus, while the performance of
saturated fat and cholesterol is good for vegetable products, it is
bad for dairy milk and chicken meat. Differences in fibre and pro-
tein content are less noticeable. Fibre content is very low in all
products (only slightly so in vegetable meat). Protein content is
high in meat, but low in milk, being slightly higher for plant-based
products. The only product characteristic relevant for consumers
that performs worse in vegetable products than in animal prod-
ucts is ‘vitamin content’, mainly because buckwheat flour and
lupin protein isolate are poor in vitamins. Finally, at society level,
vegetable products show worse performance than their tradi-
tional counterparts. Protein affordability is assessed as having

Figure 1. Socio-economic performance of food products by stakeholder
category and life cycle stage.

Social life cycle assessment of animal-based food and plant-based alternatives www.soci.org

J Sci Food Agric 2022; 102: 5111–5120 © 2021 The Authors.
Journal of The Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

wileyonlinelibrary.com/jsfa

5115

http://wileyonlinelibrary.com/jsfa


Figure 2. Socio-economic performance of food products specified at indicator level. The centre of the radar, in green, indicates a good indicator perfor-
mance (scored 1), while the outer circle of the radar, in red, denotes a bad indicator performance (scored 4). Thus, performance gets worse as we move
from the inside to the outside of the radar on a scale of 1–4 (i.e., the higher score the worse the performance). AW<MW is average wage being lower than
country's minimum wage, and AW< NPL is average wage being lower than non-poverty line.
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upgradeable performance for vegan milk, medium performance
for meat (vegetable and chicken meat) and good performance
for dairy milk. This is because the price of protein is higher in
plant-based products (€55.4 and €68.2 € kg−1 protein for vegan
meat and milk, respectively, versus €46.7 and €31.6 kg−1 protein,
for chicken and dairy milk, respectively), which results in a worse
‘protein affordability’, especially in the case of milk.

DISCUSSION
We developed an sLCA to analyse the socio-economic impacts
related to the life cycle activities of plant-based and animal-based
protein-rich products, with the aim of providing a better under-
standing of the socio-economic advantages and disadvantages
of both types of products. Using a set of meaningful indicators,
we calculated and displayed the socio-economic profiles of two
innovative vegetable products (lupin-based vegetable meat and
lentil-based vegetable milk, developed and tested in the course
of the P2F project), and compared them with two conventional
animal-based counterparts (chicken meat and dairy milk).
In line with other sLCA studies, the main limitation encountered

in this study has been the very large amount of time necessary to
collect consistent data and information to ensure proper availabil-
ity, quality and comparability of the data.29 The analysis has been
performed with reliable data, but some uncertainty is assumed.
Our findings reveal that plant-based products and their animal-

based counterparts have a comparable socio-economic overall
performance (similar final scores). However, the analysis shows
distinct socio-economic differences among products and hot-
spots along the life cycle of products.
Socio-economic hotspots (points of most negative impacts)

along the life cycle of plant-based products weremainly identified
at the production stage. At this stage, the farm-level net margin
and profitability of vegetable meat and milk products are low
when compared with their animal-based equivalents. This sug-
gests that without a supportive policy framework the economics
of plant-based protein-rich food products are unlikely to be mar-
ket competitive, especially due to the less favourable conditions
for farmers. In line with Manners et al.,54 our results indicate that
low yields and reduced production prices of grain legumes dimin-
ish profitability and limit market competitiveness of plant-protein-
based products. Siddique et al.55 and Zander et al.56 found that
the expansion of specialized and intensive production systems
and yield increases provided a comparative advantage to cereals
and oilseed crops, compared to protein-rich crops. As a result,
protein-rich crops are increasingly less profitable than wheat,
maize or rice.57 Preissel et al.58 and Reckling et al.59 show that
introducing legumes into cropping systems does not always
deliver immediate or apparent profits. In spite of the yield-
increase effects induced by legumes to other crops (due to their
nitrate fixation capacity in the soil), the farm-level gross margin
is generally lower where legumes are grown.60 Magrini et al.,61

however, argue that if the environmental benefits of growing
legumes (e.g., reduction of greenhouse gas emissions) were well
reflected in market prices, the ‘real’ economic value of legumes
would increase significantly.
Our results also reveal that factors like crop yield and producer

price variability are larger for plant-based meat and milk alterna-
tives, which might increase the risk to farmers growing these
crops and, in turn, might decrease confidence in these product
lines for both farmers and consumers. Cernay et al.62 demonstrate
that grain legume yields in Europe are more variable than non-

legume yields. According to Von Richthofen et al.,63 this makes
their production a risky venture for European farmers, who prefer
more stable farm productions (e.g., cultivating cereals or raising
livestock). Stagnari et al.64 propose that observed declines in grain
legume production in the EU are explained by their unstable
yields, coupled with their susceptibility to biotic and abiotic stress
conditions. Zander et al.56 indicate that changes in agricultural
policies have further contributed to these declines. These
authors56 conclude that public support measures (i.e., CAP price
supports and subsidies) have been largely responsible for the
intermittent increase of legume cultivation in the EU. Legumes
are supported in the CAP under greeningmeasures and voluntary
coupled support schemes. Our results indicate that, while CAP
subsidies for legumes are significant, they are lower than those
for some animal products (e.g., milk products), which could dimin-
ish the comparative advantage of cultivating legumes for EU
farmers. This aspect should be considered in the light of the
new CAP 2021–2027, in which the great contribution of legumes
to environmental and climate objectives is highly recognized.16,65

By looking at the processing and retail stage of the products' life
cycle, we note the socio-economic performance of plant-protein-
based products improves compared to those sourced from
animal-based proteins. Our study reveals that salaries and
employment of workers within the plant-based products sector
are notably better than that for animal products, especially meat.
These findings are in line with previous research suggesting that
the added value generated in plant-based product lines through
advanced processing of protein extracts, starch and oil contrib-
utes to raising profit margins within the processing and retail sec-
tors.66,67 The manufacturing and selling of processed plant-based
products would, however, require entirely new forms of economic
coordination and supply chain management, which are not
always in place or, in some cases, are in the process of being
developed.17,61 The importance of well-functioning supply chains
and regulatory frameworks are seen as crucial for the develop-
ment of new plant-protein-based products.16,54 Animal-based
food products count with well-established value chains. Also, pro-
cessing rules and regulations are stricter in the case of meat and
milk production for food safety reasons. Since the 1970s, numer-
ous regulations have been developed in the EU in the wake of
serious meat crisis, which have significantly eroded meat's
healthy image.68 In line with this, our study reveals that the perfor-
mance of legislation at the processing stage is better in animal
products than in vegetable products. This suggests that more
efforts should be made at the legislation level to guarantee food
safety in new plant-based products, while at the same time pro-
tecting the processing and retail workers.
At the consumer stage, results show that plant-based products

perform better than animal-based products. Our work supports
the findings of other studies that report that the nutritional com-
position of vegetable products is more beneficial to consumers
than their animal-based counterparts.66 Cholesterol levels in meat
and saturated fat levels in milk were found to be lower in vegeta-
ble products than in animal products. Several authors argue that
cholesterol and fat consumption – indicators for animal protein-
based foods – are highly correlated with health-related problems
(e.g., cardiovascular pathologies, diabetes and cancer).7,8 Other
authors (e.g., Leroy and Cofnas69), however, question this, and
claim that when meat is consumed as part of balanced diets the
effects on human health can be positive.70 Millward and Garnett71

demonstrate that lowering the consumption of meat and dairy
products may pose nutritional challenges for some key nutrients
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(vitamin B12 and protein intake) in ‘at risk’ population groups
(children and the elderly). Our study reveals that animal-based
products have higher vitamin contents than their vegetable alter-
natives. However, it falls short of determining the type of vitamins
and fat, quality of proteins and other mineral nutrients, which is
critical in determining the pros and cons of diets.72

Previous studies have found that health factors are the key rea-
sons for changing consumption habits, followed by environmen-
tal, and socio-cultural reasons (e.g., climate change and concern
for animal welfare).73-75 Economic issues are also highlighted as
important for consumers, especially in the case of innovative
plant-based foods, in which the final price is often higher than
in the case of their animal-based equivalents.54 Our study indi-
cates that vegetable meat and milk products have lower protein
affordability (higher prices of protein) than chicken meat and
dairy milk products, which might inhibit consumers from repla-
cing animal-based products by plant-based products. However,
Tubb and Seba76 indicate that rapid technological improvements
will make plant-derived proteins cheaper than those from animals
by 2030, potentially making novel plant-based products more
economically attractive to consumers.

CONCLUSIONS
This study has investigated the socio-economic impacts of novel
plant-based products compared to traditional animal-based prod-
ucts. Our application of socio-economic life cycle analysis allowed
us to gauge these impacts across three phases in the farm-to-fork
pathway. In general, we found that novel plant-based and animal-
based products have a similar socio-economic performance. How-
ever, important differences can be appreciated along the value
chain.
In the production phase, variably yields and producer prices

negatively affect the benefits of plant-based products, compared
to animal products. The study demonstrates that the economics
of innovative legume-based food products are unlikely to be mar-
ket competitive, especially due to the less favourable conditions
for farmers. In contrast, the processing stage indicates that
plant-based products compare favourably with the products they
are designed to replace. Finally, in the consumption phase we
observe a two-sided effect as proteins are less affordable in vege-
table foods, whereas these perform better in relation to some
food health contents (saturated fat and cholesterol). The study
provides relevant information to policymakers, businesses, pro-
ducers, consumers and other stakeholders about socio-economic
hotspots and optimization potential in the development and pro-
duction of innovative plant-based foods.
This article represents one of the first reviews of these products

from a socio-economic perspective and complements more tradi-
tional life cycle analyses, which have demonstrated the environ-
mental benefits of these plant-based products. By contributing
to the advancement of lifecycle assessments, the study stresses
the importance of considering multi-ingredient food products to
better understand the social, economic and policy contexts of
the food value chain. Greater emphasis should be placed upon
developing an environment in Europe that is more conducive to
legume production, nurture nascent processing technologies and
supply chains, thus reducing prices to consumers. In such an envi-
ronment, plant-based products could become socio-economically
comparable, if not superior to animal-based products in the near
future. In a general perspective, this research contributes to under-
standing how the socio-economic scene evolves hand in handwith

nature's resource base to contribute to a more sustainable,
resource-efficient, climate-resilient and socially inclusive food
supply in Europe and, in turn, to overall food security.
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