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A B S T R A C T

The bioeconomy is prominent in global political agendas and is expected to drive sustainable development.
However, its potential to achieve transformative sustainability outcomes has been questioned. Life Cycle Sus-
tainability Assessment (LCSA) evaluates bioeconomic models across the three dimensions of sustainability;
however, social aspects are largely ignored. This study sought to comprehensively analyse all existing publica-
tions on Social Life Cycle Assessment (S-LCA) within the bioeconomy. The main aim was to determine whether
these assessments consider social transformations and align with the concept of a ‘good’ bioeconomy, where
sustainability across all dimensions is achieved. A systematic literature review was conducted using the Preferred
Reporting Items of Systematic reviews and Meta-Analyses method (PRISMA) and 51 relevant documents were
identified. A mixed deductive-inductive method and thematic analysis were used to define the scope and
methodologies of S-LCA research in the bioeconomy and explore the dominant research themes, key social as-
pects and indicators, and the actual extent of social transformations. These findings indicated that studies pri-
marily on S-LCA development often neglect the evaluation of social transformations, and instead focus on
regional development, green job creation, and supply chain management. Moreover, research that integrates the
social dimension into LCSA often regards these aspects as requirements for conducting comprehensive sustain-
ability assessments. However, an in-depth exploration is generally lacking. Consequently, this study found that S-
LCA does not assess whether the bioeconomy fosters a transition towards social sustainability. This gap may be
attributed to the predominantly Eurocentric and highly technical nature of the reviewed literature. This study
contributes to existing knowledge by providing a theoretical exploration of the implications of social sustain-
ability within the context of a good bioeconomy. Additionally, it offers recommendations for future research and
outlines policy implications that may promote social responsibility in the paradigm of a good bioeconomy.

1. Introduction

The bioeconomy as a sustainable paradigm is referred to as the
current political vision worldwide (Asada et al., 2020). In fact,
numerous countries have adopted various bioeconomic strategies (Dietz
et al., 2018). However, bioeconomy is not sustainable (Bracco et al.,
2019). On the one hand, the bioeconomy has aroused high expectations;
on the other hand, it has sparked debate on the credibility of its sus-
tainability impacts, as industrial bio-resource production involves
challenges in environmental conservation and social welfare (Starke
et al., 2022). Hence, academic discussion on the transformative poten-
tial of this bioeconomic transition for sustainable development is
ongoing and regards political debate as promising (Eversberg et al.,

2023; Többen et al., 2024). This academic discussion centres on the
environmental controversies surrounding ecological and economic
transition (Starke et al., 2022); however, studies on the social dimension
of the bioeconomy are beginning to emerge (Ramcilovic-Suominen,
2023). This social dimension of sustainability has not been directly
addressed from a critical perspective (Sanz-Hernández et al., 2019), and
the social implications of the bioeconomy are currently being considered
as transformative practices, such as inclusive innovation (Bryden et al.,
2017) or gender equality (Sanz-Hernández et al., 2022), rather than
social global justice policies (Eversberg and Fritz, 2022; Ramcilo-
vic-Suominen et al., 2022).

Thus, there is an urgent need to reassess the principles underlying
socio-ecological transformation within bioeconomic strategies
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(Ramcilovic-Suominen, 2023). Consequently, this review adopted a new
paradigm, called a ‘good’ bioeconomy, where achieving social sustain-
ability is possible. Kurki and Ahola-Launonen (2021) have envisioned a
‘good’ bioeconomy, which describes a utopian scenario that prioritises
socio-political action and diminishes the centrality of technoscience as
the primary solution to current socio-ecological crises. This study aimed
to reformulate this concept under a ‘strong’ sustainability scenario,
where environmental and social dimensions predominate over eco-
nomic decisions (Dietz and Neumayer, 2007).

To gain a better grasp of a good bioeconomy, all three dimensions of
sustainability should undergo significant transformations to enable a
fair, inclusive, and environmentally sustainable transition (Temper
et al., 2018). However, there is still no clear agreement on the trans-
formative characteristics that specifically define changes in socio-
ecological systems (Feola, 2015). Therefore, in this study, the term
‘transformation’ was used to denote the fundamental and complex
challenges associated with drastic, uncertain, and contested changes in
three sustainability dimensions: environment, society, and economy. In
this regard, ecological transformation may pave the way for enhanced
protection of the environment with a circular system that minimises
resource inputs and outputs through increased innovation (Salvador
et al., 2021) while also advocating the establishment of global envi-
ronmental justice (Temper et al., 2018). Economic transformation im-
plies diminishing the dominance of economic growth, which supports
fresh initiatives such as degrowth (Escobar, 2015) or a regenerative
economy (Andreucci et al., 2021).

Finally, from a social perspective, social transformations involve
challenging established structures and several policy orientations
through social innovations aimed at ensuring justice and equality on a
global level (Eversberg and Fritz, 2022; Ramcilovic-Suominen, 2023).
Further research on the social dimension towards a good bioeconomy is
needed (Sanz-Hernández et al., 2019). Therefore, this study based its
critical and analytical perspective on theoretical debates that promote
social sustainability within the bioeconomy (Eversberg and Fritz, 2022;
Ramcilovic-Suominen, 2023; Sanz-Hernández et al., 2022). To under-
stand the extent to which progress is being made towards a good bio-
economy, it is imperative to conduct sustainability assessments.
Nevertheless, most of these analyses focus on environmental and eco-
nomic dimensions within the bioeconomy (Alidoosti et al., 2021).
Therefore, research should be conducted in the context of the transition
towards social sustainability within the bioeconomy to address the
existing knowledge gap (Ramos-Huarachi et al., 2020). This study aimed
to emphasise the social aspects of the transformation process towards a
good bioeconomy by exploring the current understanding and mea-
surements of social sustainability in this emerging bio-based economy.
To perform a more comprehensive analysis, this study examined the
most common tool for quantifying social sustainability: Social Life Cycle
Assessment (S-LCA). S-LCA offers the possibility of systematically
assessing a wide range of social impacts throughout product and/or
service life cycles (Ekener-Petersen et al., 2014; UNEP, 2020) and
complementing their results with the other two sustainability di-
mensions (Ferreira et al., 2022), thus completing the three pillars of
sustainability along with Environmental Life Cycle Assessment (E-LCA)
and Life Cycle Costing (LCC) tools. The Life Cycle Sustainability
Assessment (LCSA) framework is gaining acceptance (Zeug et al., 2021),
and S-LCA is a relatively recent area of research compared to the other
two life cycle approaches (Spierling et al., 2018). However, the
increasing academic interest in the S-LCA methodology has resulted in
significant updates to both the primary S-LCA Guidelines (UNEP, 2020)
and the ‘Methodological Sheets for subcategories in Social Life Cycle
Assessment’ (UNEP, 2021); henceforth, Methodological Sheets.

S-LCA remains under development and discussion, especially
regarding methodological issues, which make its consistent application
more difficult (Rebolledo-Leiva et al., 2023). A possible explanation for
this might be that the concept of social sustainability is vague and
controversial (Ly and Cope, 2023) and therefore requires a thorough and

clearer analysis and a more precise delineation of the principles
encompassing social sustainability (Littig and Griessler, 2005). One
reason for this complexity is the interdisciplinary nature of social sci-
ence, which is influenced by regional socioeconomic and technological
conditions (Siebert et al., 2018a), sociopolitical and cultural contexts
(Mair-Bauernfeind et al., 2020), and researchers’ perspectives on mea-
surement methods (Sanz-Hernández et al., 2022). Therefore, S-LCA in
the bioeconomy presents significant methodological challenges related
to the standardisation of impact categories and social themes, uneven
representation among stakeholders, lack of correlation between func-
tional units and results, assessment methods and inclusion of positive
aspects, need for social databases, and increased transparency of results
to address common uncertainties in the methodology (Rebolledo-Leiva
et al., 2023).

Recently, there has been an increasing body of literature on S-LCA
(Huertas-Valdivia et al., 2020; Petti et al., 2018; Pollok et al., 2021;
Ramos-Huarachi et al., 2020). These studies demonstrate a growing
interest in social sustainability research through S-LCA in initiatives
such as the bioeconomy (Ramos-Huarachi et al., 2020). Indeed, in recent
years, research has focused on specific sectors such as municipal solid
waste management systems (Costa et al., 2022b), the agri-food sector
(Tragnone et al., 2022), bio-based products (Falcone and Imbert, 2018;
Spierling et al., 2018), and broader areas such as the circular economy
(Luthin et al., 2023). Although some research has been conducted on
S-LCA, only Rebolledo-Leiva et al. (2023) studied S-LCA within the
bioeconomy framework. In their study, they described the state of the
art of S-LCA methodological aspects and highlighted the main proce-
dural and practical issues, alongside the specificities of the bioeconomy
within this tool. Finally, they underlined the need to explore whether
S-LCA adequately supports the social transition to a bioeconomy, which
is critical and requires further academic scrutiny. For instance, Sanz--
Hernández et al. (2022) concluded that the bioeconomy is inadequately
addressing social issues such as gender equality, and further research is
needed to develop social sustainability indicators using appropriate
evaluation methods, including life cycle assessment tools.

This study attempted to conduct a more in-depth review. No previous
studies have analytically considered the implications of both S-LCA and
social sustainability in the bioeconomy (Silva et al., 2024). Therefore,
this study emphasised the need for transformative sustainable devel-
opment and sought to obtain data that will help address the current
knowledge gap. Due to the growing interest in this research field, this
study makes two noteworthy contributions: first, it makes an original
and theoretical presentation of the concept of a good bioeconomy, and
second, it provides recommendations for improving the operationali-
sation and measurement of transformative social aspects within S-LCA
and the bioeconomy. Therefore, the present study complements and
expands current reviews from an innovative perspective and offers in-
sights into social assessments in the bioeconomy. This review considered
the aspects of social sustainability in a good bioeconomy as elements of
social transformations. Social transformation is brought about when
there is a debate over the implications of social sustainability. It in-
corporates approaches aimed at diagnosing the sources of present so-
cioeconomic and ecological crises and offers solutions to address these
issues. Thus, this review explored the extent to which social aspects are
being examined and whether previous studies have included social
transformation movements such as decolonisation, capitalist transitions,
degrowth and post-development, non-anthropocentric societies, the
defense of cultural differences, and social and environmental justice
(Escobar, 2015). Consequently, this study sought to answer the
following research questions.

- Where is research on S-LCA conducted under the bioeconomy
framework? How, or in what way, are studies measured through S-
LCA? What social aspects did they consider?

- What are the main lines of research on S-LCA and the bioeconomy?
Do they incorporate the elements of social transformation?
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- Is the current research on S-LCA and the bioeconomy measuring el-
ements of social transformation in the paradigm of a good bio-
economy? What implications and recommendations have emerged
from this study for advancing research on social sustainability
through S-LCA within the context of a bioeconomy?

Hence, the purpose of this study was to understand and characterise
the current state of research in this field and to identify and suggest three
main lines of research. Moreover, it explored the degree of attention
devoted to appraising the elements of social transformation towards a
good bioeconomy and proposed recommendations to address current
knowledge gaps. The remainder of the paper proceeds as follows: In the
Methods section, the methodological approach is defined; the Results
section presents the findings of the research; the Discussion section
shares an innovative perspective on social sustainability in a good bio-
economy; the Research section includes a discussion of the implications
of the findings for future research in this area; and finally, the Conclu-
sion provides a brief summary and frame policy.

2. Methods

We conducted a systematic literature review to answer these ques-
tions. The methodology was based on a review of all published articles
on S-LCA and bioeconomy research to collect a representative sample of
studies from the literature. This study followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) methodol-
ogy (2009) (Fig. 1). The PRISMA statement is designed to improve
systematic reviews and meta-analyses. It is intended to define selections
more precisely and increase the scope and quality of the selected studies
(Moher et al., 2009; Desiderio et al., 2022). Several reviews have applied
PRISMA statements to the bioeconomy field (Papadopoulou et al., 2022;
Sanz-Hernández et al., 2022), S-LCA framework (Petti et al., 2018;
Tragnone et al., 2022), and social sustainability (Desiderio et al., 2022;
D’Eusanio et al., 2019).

2.1. The literature selection process

The literature selection process involved sequential decisions based
on the identification, screening, and eligibility of relevant studies, pri-
marily focusing on bioeconomy academics and social dimensions within

the S-LCA framework. As shown in Fig. 1, keywords were initially
identified and searched for in databases such as Scopus and Web of
Science. The search conducted in October 2022 dealt with two main
queries: the first query focused on the ‘article title, abstract, keywords’
(Scopus) and on ‘topic’ (Web of Science) with the keywords ‘Social Life
Cycle Assessment’ OR ‘S-LCA’ OR ‘SLCA’ AND ‘bioeconomy’ OR ‘bio-
based’ OR ‘bioproduct’ OR ‘bio*’; and the second query had the keyword
‘bioeconomy’ in all the fields and ‘social’ in the title. Because similar
search terms can deliver a similar or even the same result (e.g. bio-based
economy or bio-product), the search was broadened to avoid losing
articles that are not framed explicitly in the bioeconomy. Additionally, a
second search with the term ‘social’ identified articles that assessed
social aspects within the S-LCA framework, which were ignored in the
initial search. Finally, similar searches were conducted on Google
Scholar and an interesting article for this study that did not appear in the
previously used databases was obtained.

A total of 515 articles, limited to English-language journals and peer-
reviewed literature (research articles and reviews), were retrieved and
reduced to 363 studies after removing duplicate references. The next
stage involved screening the search results by abstract, focusing on S-
LCA articles and reviews related to the bioeconomy. If the term ‘bio-
economy’ was absent but there was inference towards activities within
this framework, the full-text reading was screened. Consequently, a
discussion among the authors was held to determine whether the articles
met the inclusion/exclusion criteria, as exemplified by the circular
economy and innovation derived from biological resources. Articles in
line with the S-LCA methodology, which usually adhered to the S-LCA
Guidelines (UNEP, 2020) and undertook a social impact assessment or
literature review, were included. As a result, a large number of papers
were excluded because they were not employing an S-LCA, despite the
fact that research in the social field of bioeconomy was produced or
because the term ‘bioeconomy’ appeared in other sections such as
bibliography, acknowledgements, or author affiliations.

After eligibility checks, 65 studies were obtained and subsequently
reviewed based on the number of existing social indicators in the
studies. Hence, the screening was scaled up to the full text to detect the
number of social indicators (at least three). This requirement was
particularly relevant since the present study sought to fully explore the
social aspects and address one of the research questions, which centred
on which social aspects are covered and what type of indicators are

Fig. 1. PRISMA flow diagram. Adapted from Moher et al. (2009).
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employed for their measurement.
A sample of 51 publications (Table 1) were retrieved for a suitable

literature review. The limitations of the literature search were related to
the restrictions of articles and reviews in English, excluding grey liter-
ature, which often included closely related research topics. Further-
more, these limitations extended to studies that did not undertake
comprehensive S-LCA, which may lead to a constrained number of social
indicators.

2.2. Data and thematic analysis

A mixed deductive-inductive method, in line with the methodology
proposed by Sanz-Hernández et al. (2022), was adopted after reviewing
the literature. Prior to the analysis, a database with several descriptive
variables was created to meet the research objectives (Table 2). First,
this database was set up to characterise where research is being con-
ducted, to show how S-LCA is being applied, and to establish what social
sustainability aspects and indicators are being assessed through S-LCA
within the context of the bioeconomy; second, the database determined
the main lines of research in this field of knowledge and the centrality in
the elements of social transformation. Given the context-dependent
nature of social sustainability (Ekener et al., 2018), the variables
related to the location and authorship of the studies were defined.
Moreover, owing to the importance of methodological proposals in
S-LCA (Macombe et al., 2018), variables concerning the measurement
tool itself, including scope, subject, type of assessment (Reference Scale
Social Life Cycle Impact Assessment -RS S-LCIA- or Impact Pathway -IP
S-LCIA-), and databases (Social Hotspots Database -SHDB- or Product
Social Impact Life Cycle Assessment -PSILCA-) were delineated. Addi-
tionally, to analyse social sustainability aspects thoroughly, an open
variable of social indicators was defined based on Methodological
Sheets. Finally, a variable to show centrality in social sustainability was
established in each article and classified based on its implications for the
elements of social transformation and the achievement of social sus-
tainability transition measurement.

Once this analysis was performed, a full-text review and thematic
analysis were conducted using the methodology proposed by Nowell
et al. (2017). This qualitative research method is useful for identifying,
analysing, describing, and reporting several key features found in a
dataset and arriving at a clear and organised final report (Nowell et al.,
2017). The authors discussed and compared the coding of each article to
examine the key themes necessary to respond to the research question.
After exploring aspects such as similarities, interactions, (in)congru-
ences, and differences, three central themes emerged: (1) S-LCA as part
of holistic bioeconomy sustainability; (2) S-LCA focused on international
value chain assessment; and (3) S-LCA focused on regional and national
value chain assessment.

3. Results

To address each research question, the variables listed in Table 2
were carefully analysed. This section summarises the main findings and
provides a methodically structured response to the aforementioned
research questions.

3.1. Where is research on S-LCA under the bioeconomy framework being
conducted? How or in what way are the studies measuring through S-LCA?

To answer the first research question, a bibliometric analysis was
conducted to identify variables such as publication year, journal, study
location, country of the first author, and disciplinary area. First, it
revealed that S-LCA is a recent and growing field of research (Fig. 2).
There has been an increasing interest in S-LCA since 2013, and espe-
cially since 2018. Three journals, namely the International Journal of
Life Cycle Assessment (25%), Journal of Cleaner Production (22%), and
Sustainability (12%), representing a total of 30 articles (59%),

Table 1
List of studies selected from the literature review.

Nº Reference Year Typology Bioeconomic
sector

Country
of study

1 Alidoosti et al. 2021 Methodological Waste
resource

Asia

2 Andrade et al. 2022 Empirical Agriculture Europe
3 Barrio et al. 2021 Empirical Forest Europe
4 Cadena et al. 2019 Methodological Waste

resource
Europe

5 Cardoso et al. 2019 Empirical Agriculture Latin
America

6 Contreras-
Lisperguer
et al.

2018 Empirical Energy North
America

7 Corona and San
Miguel

2019 Empirical Energy Europe

8 Costa et al. 2022a Empirical Forest Europe
9 Costa and

Oliveira
2022 Empirical Energy Latin

America
10 Do Carmo et al. 2017 Methodological Energy North

America
11 Ekener et al. 2018 Methodological Energy Europe
12 Ekener-

Petersen et al.
2014 Empirical Energy Europe

13 Falcone et al. 2019 Empirical General Europe
14 Falcone and

Imbert
2018 Empirical General Europe

15 Fürtner et al. 2021 Methodological Agriculture Europe
16 Ghaderi et al. 2018 Methodological Energy Asia
17 Jarosch et al. 2020 Empirical Forest Europe
18 Keller et al. 2015 Methodological Energy Europe
19 Macombe et al. 2013 Empirical Energy Various
20 Mair-

Bauernfeind
et al.

2020 Empirical General Various

21 Manik et al. 2013 Empirical Energy Asia
22 Martin et al. 2018 Theoretical General Europe
23 Martinez-

Hernandez
et al.

2022 Empirical Energy North
America

24 Martín-
Gamboa et al.

2021 Empirical Energy Europe

25 Martín-
Gamboa et al.

2020 Empirical Energy Europe

26 Martín-
Gamboa et al.

2022 Empirical Energy Europe

27 Marting
Vidaurre et al.

2022 Methodological Energy Europe

28 Masilela and
Pradhan

2021 Empirical Energy Africa

29 Mattila et al. 2018 Methodological Forest Europe
30 Messmann

et al.
2022 Methodological Energy Europe

31 Muhammad
et al.

2019 Empirical Agriculture Asia

32 Omran et al. 2021 Empirical Agriculture Asia
33 Panoutsou et al. 2022 Empirical Agriculture Europe
34 Portner et al. 2021 Empirical Energy Europe
35 Prasara-A and

Gheewala
2021 Empirical Agriculture Asia

36 Prasara-A et al. 2019 Empirical Agriculture Asia
37 Rafiaani et al. 2020 Empirical Blue

bioeconomy
Europe

38 Ren et al. 2015 Methodological Energy Asia
39 Sajid and Lynch 2018 Methodological Energy North

America
40 Sawaengsak

et al.
2019 Methodological Agriculture Asia

41 Siebert et al. 2018a Methodological Forest Europe
42 Siebert et al. 2018b Methodological Forest Europe
43 Souza et al. 2021 Methodological Agriculture Latin

America
44 Souza et al. 2018 Methodological Agriculture Latin

America
45 Spierling et al. 2018 Theoretical General Various
46 Takeda et al. 2019 Empirical Energy Asia

(continued on next page)
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substantially contributed to the search.
Determining the first author’s country and study location is impor-

tant for identifying the regions actively involved in understanding and
measuring social sustainability. The reviewed articles were led by au-
thors located in the Global North, especially from European institutions,
which implies that the conceptualisation of social sustainability in the
bioeconomy is defined by Eurocentric values and perspectives. Thirty
(59%) articles were authored by European institutions; Germany,
Portugal and Sweden were represented by 15 articles, followed by Italy,
Austria, and Spain. Regarding articles written outside the European
scope, Asia was the second leading continent, with nine articles from
research institutions (17%) and Thailand andMalaysia being the driving
forces. Finally, the last geographic locations considered were Latin
America and North America, with five articles each and Brazil standing
out. Therefore, although bioeconomic policies have been highly priori-
tised and presented as an opportunity in developing countries with high
natural capital, such as those in Latin America and Asia (Rodríguez et al.,
2018), they remain a minority in the academic world. Finally, it is worth
highlighting the importance of the first author’s affiliation, because the
geographical location where the research was conducted largely corre-
sponded to the author’s research institutions (95%).

In addition, the impact of disciplinary authorship on current social
bioeconomic research is worth exploring. Hence, the first author’s
department/research centre was categorised according to the disci-
plinary area to which it belonged. In more multidisciplinary cases, the
first author’s academic background and qualifications were included for
a more detailed classification (Fig. 3). The International Standard
Classification of Education (UNESCO, 2012), was used to facilitate the
analysis. Surprisingly, the results showed that the area of knowledge
focusing on bioeconomic S-LCA research rarely comes from social sci-
entists and professionals from more technical disciplines, such as engi-
neering (51%) or life sciences (29%), who are carrying out extensive
research in that area of knowledge. Therefore, measuring social sus-
tainability using S-LCA is more common among scientists in technical
fields than in the social sciences.

To address the second research question, which focused on meth-
odological aspects, the variables of the object of study, impact assess-
ment, scope, and social databases were examined to analyse the trends
within S-LCA development. Indeed, several studies made a methodo-
logical contribution (18 articles), mainly because S-LCA remains a work
in progress (UNEP, 2020).

In this review, 45 papers (88%) used a product as the object of study.
Many evaluations have been conducted with the aim of supplementing
prior environmental outcomes for bio-based products. The imple-
mentation of an S-LCA, which involves the integration of social aspects
into a functional unit (UNEP, 2020), presents a significant challenge.
Therefore, using this focal point makes the definition of the functional
unit and the elaboration of the social impact assessment more complex,
which may lead to potentially suboptimal results. The impact assess-
ment process in S-LCA is even more demanding because social impacts
do not have a causal relationship with production processes as in E-LCA,
and further research and development of suitable methods for impact
assessment are vital (UNEP, 2020). In this sense, in Social Life Cycle
Impact Assessment (S-LCIA) approaches, there are two main families:
Type I (also known as Reference Scale S-LCIA) and Type II (also known

Table 1 (continued )

Nº Reference Year Typology Bioeconomic
sector

Country
of study

47 Tavakoli and
Barkdoll

2020 Methodological Energy North
America

48 Valente et al. 2018 Empirical Forest Various
49 Weldegiorgis

and Franks
2014 Empirical Energy Oceania

50 Zeug et al. 2021 Methodological Energy Various
51 Zhang et al. 2021 Empirical Energy Asia

Table 2
Descriptive variables analysed in the literature review.

Variable Code Typology Description Codes

Title Continuous
text variable

Full headline Open

Publication year Continuous
text variable

Publication date Open

Journal Continuous
text variable

Journal that publishes
the article

Open

Authorship Continuous
text variable

Authors’ names articles Open

First author’s
corresponding
country

Discrete
variable

Identify the country of
the author’s university;
the location determines
what regions prioritise
and conceptualise social
sustainability

Africa
Asia
Europe
Latin America
North America
Oceania

First author’s
disciplinary
area

Discrete
variable

Identify the first
author’s scientific field
(department/research
centre)

Agriculture,
forestry and
fishery
Engineering
and
engineering
trades
Life sciences
Physical
sciences
Social and
behavioural
science

Bioeconomic
sector

Discrete
variable

Define bioeconomic
sectors to establish
connection with social
sustainability

Blue
bioeconomy
Energy
Forest
Health and
biomedicine
Industry
Waste
resources
General

Location of study Discrete
variable

Determine the
geographical location of
studies to correlate
social sustainability
with specific territories
of the bioeconomy

Africa
Asia
Europe
Latin America
North America
Oceania
Various

Scope of
assessment

Discrete
variable

Decide if the scope of
assessment is in line
with the aim of the
study. Determine
whether articles cover
full life cycles (cradle-to-
grave), supply chains
(cradle-to-gate), or
other phases (gate-to-
gate or gate-to-grave)

Cradle-to-grave
Cradle-to-gate
Gate-to-gate
Gate-to-grave

Object of the
study

Discrete
variable

Analyse the perspective
from which the social
impacts of the
bioeconomy are
measured to define the
most common objects of
study

Product
Organization
Territory
Various

Impact
assessment

Discrete
variable

Social Life Cycle Impact
Assessment (S-LCIA)
provides information
related to the evaluating
method to identify the
most common
bioeconomic
measurement

RS S-LCIA
IP S-LCIA
Various

Social database Discrete
variable

Understand whether the
utilisation of databases
is common in the
bioeconomy to identify

SHDB
PSILCA
Other

(continued on next page)
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as Impact Pathways S-LCIA). Today, the Type I method is more opera-
tional and has been used in numerous case studies (UNEP, 2020).
Thirty-three (65%) of the reviewed papers used a reference scale to
assess the social performance of a product system. Although several
Reference Scale approaches existed within Type I, gaps in the scoring
system, use of a weighting scheme, and recognition of stakeholders were
identified (Sawaengsak et al., 2019). The Type II approach was less
commonly used (9%) as it focused on the improvement of the
cause-and-effect chain concept and predicted potential social impacts
(Do Carmo et al., 2017; Martín-Gamboa et al., 2020). Moreover, the
challenges associated with evaluation methods opened up new possi-
bilities for studies with other functional units of analysis within the
bioeconomy, which focused on the territory (Jarosch et al., 2020; Sie-
bert et al., 2018a, 2018b) or organisation (Rafiaani et al., 2020). The
latest publication of the S-LCA Guidelines (UNEP, 2020) used the
organisational approach as the unit of analysis.

Finally, most studies had a cradle-to-gate (45%) or cradle-to-grave
(37%) scope and 35% of the reviewed papers used a social database
for their assessments. The use of this database largely corresponded to
studies conducted in the Global North (95%). In these studies, different
social databases (SHDB or PSILCA) were used to assess their

international impact. Consequently, a strong correlation between the
Northern view and social databases was observed.

3.2. What social aspects are considered a priority in the S-LCA
bioeconomy research?

This study intended to determine whether the analysed articles used
social indicators to explore the social aspects that S-LCA is currently
measuring in the bioeconomy. For this purpose, the open variables of
social indicators were considered (Table 2). In this respect, there was no
common social measurement tool in S-LCA owing to the lack of stand-
ardised indicators (Falcone and Imbert, 2018) and the lack of harmo-
nisation and limited comparability caused by a plethora of impact
categories across studies and methods (Costa et al., 2019).

Furthermore, the selection process of these social indicators was one
of the most important steps in carrying out an S-LCA (Cadena et al.,
2019) and remained challenging (Costa et al., 2022b). For instance, in
several studies, a large number of indicators created bottlenecks during
the crucial step of defining the results (Fürtner et al., 2021; Valente
et al., 2018). Other studies suggested experience-based approaches to
select indicators that validate stakeholders (Falcone and Imbert, 2018;
Mattila et al., 2018). However, similar to the indicator selection process,
clear standards for identifying stakeholders did not exist or were com-
plex because many impacts were interrelated or overlapping (Fürtner
et al., 2021). Stakeholder perspectives also depend on the values and
priorities to be measured. In this regard, Ekener et al. (2018) stated that

Table 2 (continued )

Variable Code Typology Description Codes

requirements within
these data sources

Social indicators Continuous
text variable

Analyse commonly used
indicators to identify
key priorities and trends
in social sustainability
and to evaluate both
positive and negative
indicators

Open

Social
sustainability
centrality

Discrete
variable

Evaluate centrality of
social sustainability
themes by assessing its
relevance. High
centrality indicates a
strong focus on social
transformation and low
centrality if social
sustainability is merely
mentioned

High
Medium
Low

Fig. 2. Number of publications by year and type of journal.

Fig. 3. The first author’s field of knowledge.
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although human needs are the same across all cultures, satisfying those
needs depends on the context. Thus, stakeholder views on human dig-
nity and its preservation are constrained by their environments and
cultures. These constraints showed that the bioeconomy has a heavy
regional dependency, especially in social terms. On a global scale, na-
tional indicators rarely showed information on specific social perfor-
mance, while local indicators encountered more difficulty in collecting
social data associated with specific value chains. However, this meant
that the latter are more difficult to replicate (Siebert et al., 2018b).
Consequently, it is highly complex to evaluate a global production sys-
tem using context-specific approaches that rely on a massive amount of
detail (Martínez-Blanco et al., 2014).

This study sought to analyse the most frequently used social in-
dicators within the S-LCA framework in the bioeconomy. Methodolog-
ical Sheets, which are globally recognised and reliable tools for
categorising social indicators in the S-LCA framework (Tragnone et al.,
2022), were used. During the entire revision process, the sheets were
used to analyse and categorise all the indicators shown in the reviewed
papers. Nevertheless, a small number of papers (20%) did not have a
direct correlation with the subcategories of the Methodological Sheets;
therefore, they had to be categorised by the authors. In this sense, as an
open application of the Methodological Sheets is encouraged, this study
established fresh definitions and criteria for each social subcategory to
facilitate the categorisation process (see Table A.1 of the Appendix).
Subsequently, in situations of uncertainty, the methodology devised by
Roman et al. (1999) was employed, which suggested that two re-
searchers should conduct an individual evaluation; in case of any dis-
crepancies in the classification, a third researcher would also review the
information. After applying this method, all social indicators were

classified into appropriate subcategories on the Methodological Sheets.
Fig. 4 summarises the main social subcategories developed after

reviewing the main indicators and sorting them into subcategories of the
Methodological Sheets. This revision analysed and classified 1114 social
indicators (see Table A.2 in the Appendix). Consequently, Worker was
presented as the stakeholder with the highest percentage of indicators
found in the literature (48%), followed by Local Community (34%), So-
ciety (9%), Consumer (5%), Value Chain Actors (3%), and Children (1%).

This increased prevalence of indicators among stakeholders such as
workers or the local community is primarily attributable to the strong
connection between predominant social aspects, socioeconomic issues,
and labour concerns (Ferreira et al., 2022). Therefore, the regional
dependence of the bioeconomy on these stakeholders has become more
evident. In S-LCA studies, these stakeholders are often prioritised
because they have easier access to information (Huertas-Valdivia et al.,
2020), demonstrating a significant correlation between the bioeconomy
and local indicators associated with these stakeholders. Consequently,
considering a larger number of stakeholders such as consumers, value
chain actors, and society in general, tackling social issues that have so
far been insufficiently addressed is crucial (Rebolledo-Leiva et al.,
2023). The subcategories commonly used in this literature review are as
follows:

Worker stakeholder (11%) was by far the most developed, which
diverted the attention away from the rest of the value chain actors in the
literature; and, in turn, implied that researchers have not appreciated
important upstream and downstream impacts of organisational conduct
(Kühnen and Hahn, 2017). Traditionally, the study of labour relation-
ships and conditions has played a critical role in the field of social sci-
ences because of the close connection between the social sphere and the

Fig. 4. Main social subcategories of the Methodological Sheets based on the number of evaluated indicators.
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world of work, which accounts for the substantial impact of economic
and labour factors on society. Therefore, it can be assumed that data
indicators for stakeholders other than employees are more difficult to
collect, whereas generic data on labour issues are publicly available
(Spierling et al., 2018). Hence, Worker Health and Safety (11%) was the
subcategory that researchers studied and agreed on the most, and
health-related indicators were the most commonly conceptualised
(Kühnen and Hahn, 2017).

Access to Material Resources (10%) was the second largest and most
frequently assessed subcategory because of its importance and impli-
cations in the bioeconomic model. This subcategory was closely linked
to the concept of environmental extractivism and had considerable so-
cial repercussions for Local Community Stakeholder. Other thematic in-
dicators included community investments or food and energy security,
mainly in the energy, agriculture, and forest sectors. In this sense, the
social indicators establish the relevance of natural resource management
to ensure a socially sustainable development.

Local Employment/Employment (8%) was the third most developed
subcategory and was related to the Local Community Stakeholder, due to
its connection to regional development. Several articles attached the
significance of local employment to bioeconomic development, which
showed a growing local focus in S-LCA (Mattila et al., 2018).

The subcategory Equal Opportunities/Discrimination (7%) explored
topics such as gender equality or social inclusion and acted as a catalyst
for socially inclusive growth and just societal transition
(Sanz-Hernández et al., 2022).

In conclusion, the diversity of social measurement indicators within
the social dimension results from the development and adaptability of
the Methodological Sheets. This flexibility promotes the standardisation
of topics and facilitates analysis in fields such as bioeconomy. This
conceptual complexity and difficulty in defining social sustainability
have generated lively discussions and gained the acceptance of various
methods and proposals for social indicators.

3.3. What are the main lines of research in S-LCA and the bioeconomy?
Do they incorporate elements of social transformation?

To explore these research questions, thematic analysis was per-
formed to identify and discuss recurring themes in the reviewed litera-
ture. This process resulted in the creation of three categories or
overarching themes in line with the main research directions in this
field. In addition, the analysis incorporated a social sustainability cen-
trality variable across each identified area. These themes were subse-
quently classified into two main groups according to the importance of
the social dimensions.

3.3.1. Social sustainability as the primary focus of assessment
This section presents two different lines of research based on the

territory in which the reviewed studies exclusively assessed the social
aspects of the bioeconomy.

- S-LCA focused on regional and national value chain assessment

The findings of this study revealed that S-LCA bioeconomic research
is highly related to regional development and territorial cohesion (EC,
2018), especially in relation to the validation of novel methodological
proposals. In this section, 16 articles were included with a balance be-
tween studies from developed and developing countries. Several studies
addressed this regional topic in developed countries, including bio-
energy alternatives in Australia (Weldegiorgis and Franks, 2014), the
forestry sector in Germany (Jarosch et al., 2020; Siebert et al., 2018a,
2018b), and the forest sector in Slovakia (Fürtner et al., 2021). Tavakoli
and Barkdoll (2020) developed a methodology used in a study on the
algae sector in the United States, while Rafiaani et al. (2020) adopted a
new perspective by focusing on the organisation as a functional unit in
Belgium. In a Canadian case study, Sajid and Lynch (2018) developed an

assessment tool using currency units. Most of these studies have major
methodological implications; however, their discussions and conclu-
sions do not contribute to the debate on social sustainability.

Furthermore, some studies were based on regional and national
value chains in the Global South. For instance, several studies in Brazil
explored the social impact of biorefineries (Souza et al., 2018, 2021) and
compared biodiesel value chains (Costa and Oliveira, 2022). Other
research papers in Asia discussed the value chains of agricultural palm
oil in Malaysia (Muhammad et al., 2019), sugarcane and cassava in
Thailand (Prasara-A and Gheewala, 2021), and bioenergy produced
from municipal waste in Iran (Alidoosti et al., 2021). Despite the urgent
need for social transition in developing countries, these studies did not
debate social sustainability. In this line of research, only one article
showedmedium centrality in the social sustainability debate and did not
follow European perspectives. Manik et al. (2013) assessed the social
impact of Thai palm oil biodiesel by conducting surveys and interviews,
which revealed issues such as exploitative labour practices and com-
munity inequalities, offered recommendations concerning government
and legislative changes, and reintegrated former smallholders into
plantations.

- S-LCA focused on international value chain assessment

Because S-LCAwas promoted owing to greater demands on the social
responsibility of multiple international supply chains (UNEP, 2020),
many articles dealt with global chains that could or could not apply a
social database. Within this frame of reference, most articles were based
in the Global North countries and made use of a database to monitor
their social hotspots along their supply chains by implying operations in
developing countries, for instance, to measure social impacts on Portu-
guese pulp and paper supply chains (Costa et al., 2022a), agricultural
value chains within different European countries (Andrade et al., 2022),
Finnish wood value chains (Mattila et al., 2018), biofuel value chains in
Croatia (Marting-Vidaurre et al., 2022), and bioenergy supply chains in
Portugal (Martín-Gamboa et al., 2020, 2021, 2022). Do Carmo et al.
(2017) developed a methodological proposal to analyse the current gaps
in several diverse international biodiesel supply chains.

Two studies on international value chains, primarily between Euro-
pean countries, analysed value chains from marginal agricultural lands
(Panoutsou et al., 2022) or a process design method with a biorefinery
case study based on European glycerol waste (Cadena et al., 2019).
Although European countries are highly dependent on resources from
non-European countries (Martín-Gamboa et al., 2020), only 38% of the
studies on European regions within a cradle-to-gate/grave scope
addressed international impacts in their analyses. In 2019, Takeda et al.
(2019) published a paper in which they compared bioenergy scenarios
in Malaysia by analysing entire supply chains; this was the only article
produced in the Global South that used a database. In conclusion, the
databases were primarily used in developed countries. Finally, two
studies complemented social indicators within the S-LCA framework
with a global perspective on the bio-based sector (Falcone and Imbert,
2018; Falcone et al., 2019).

Overall, the vast majority of studies that addressed social sustain-
ability tended to overlook the need to adopt social transformative per-
spectives, even though they considered global bio-based value chains.
Nevertheless, three studies promoted a debate on the effect of medium
centrality on social sustainability. Macombe et al. (2013) explored the
impacts of S-LCA; proposed a complementary approach at the corporate,
regional, and state levels through biodiesel supply chain cases; and
stressed the importance of a global theoretical framework to align re-
searchers. They also emphasised the need to identify all affected stake-
holders, as current methods often conform toWestern norms and neglect
vulnerable populations. Moreover, Ekener-Petersen et al. (2014)
compared the social impacts of biofuels and fossil fuels, assessed S-LCA
performance in northern European vehicle fuels, critiqued EU Policy for
ignoring vital social sustainability aspects, and recommended S-LCA to
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address social inequalities and prevent negative value chain impacts.
Ekener et al. (2018) conducted further research on the positive impacts
and regional relevance of developing countries.

3.3.2. Social sustainability as the secondary focus of assessment
In contrast to the previous section, another line of research was

identified and proposed in this study, in which S-LCA was considered a
part of the holistic sustainability of the bioeconomy.

- S-LCA considered as a part of the holistic bioeconomy sustainability

The bioeconomy, regarded as a system for achieving sustainable
development, requires improvement in three dimensions: economy,
society, and the environment (Zeug et al., 2021). Consequently, S-LCA
appeared in several studies as an afterthought imposed by holistic sus-
tainability analysis models. For example, 37% of the sample conducted
either an LCSA with three sustainability areas or a complementary
S-LCA (19 papers). This showed an encouraging increase in social
concern; however, the overall consideration of S-LCA still lagged far
behind the economic and environmental facets (Ramos-Huarachi et al.,
2020). From the sample, only 17 studies considered the social dimension
only as a ‘requirement’ with an important gap between environmental,
economic, and social reflections and disclosures.

In this sense, most studies only presented the results of holistic as-
sessments, such as bioproduct impacts at an organisational level (Omran
et al., 2021), a comparison between biological and conventional prod-
ucts (Barrio et al., 2021), or between biorefineries in alternative loca-
tions (Valente et al., 2018). At the meso- and macro-levels, several
studies presented scenarios with innovative processes and technologies
in the energy sector in developing countries (Contreras-Lisperguer et al.,
2018; Martinez-Hernandez et al., 2022; Masilela and Pradhan, 2021),
developed countries (Corona and San Miguel, 2019; Portner et al., 2021)
or in agricultural sectors and developing countries (Cardoso et al., 2019;
Zhang et al., 2021). In this context, only Prasara-A et al. (2019) and
Messmann et al. (2022) offered policy recommendations after evalu-
ating the possibilities. Finally, other studies supported methodological
proposals for designing the best decision-making scenario (Ghaderi
et al., 2018; Keller et al., 2015; Ren et al., 2015) or conducting a review
of LCSA in bio-products (Spierling et al., 2018) or LCSA indicators
(Martin et al., 2018).

In conclusion, all these papers address sustainability as a whole, and
surprisingly, far too little attention has been paid to the discussion of
strong sustainability (Dietz and Neumayer, 2007). Furthermore, most
studies present only results, occasionally provide recommendations, and
often ignore social dimensions. Nevertheless, two studies have
addressed the issue of social transformation in this line of research. Zeug
et al. (2021) addressed the potential conflicts that may arise from ho-
listically evaluating the three pillars of sustainable development using
LCSA and advocated for a hierarchy to enhance environmental and so-
cial justice while questioning the dominance of economic profitability.
Finally, Mair-Bauernfeind et al. (2020) emphasised the significance of
the geographical context within the social dimension and presented the
challenges of data acquisition in developing countries and prevailing
Eurocentrism.

4. Discussion

The main purpose of this literature review was to critically analyse
the extent to which social transformations within the bioeconomy to-
wards social sustainability are being evaluated. Specifically, this study
aimed to determine whether S-LCA is currently a tool for measuring a
good bioeconomy. Therefore, this section discusses the findings of this
research, focusing on the concept of a good bioeconomy, and seeks to
tackle the issue of whether current research on S-LCA and the bio-
economy measures social transformations in line with the paradigm of a
good bioeconomy.

First, providing a clear definition of social sustainability in a good
bioeconomy is essential. Social sustainability in the bioeconomy can be
viewed from a socially transformative perspective. Social trans-
formation is a key element of social sustainability and is subject to
location (Ramcilovic-Suominen, 2023). Therefore, the paradigm of a
good bioeconomy depends on the perspective from which social sus-
tainability is appraised. In the Global North, the concept of whether the
bioeconomy implies social transformation requires a split in the satis-
faction of societal needs through the unsustainable and inequitable
production of goods and services (Zeug et al., 2021). Thus, transitions
should be explored and more socio-political changes in Western culture
and values should be introduced (Sanz-Hernández et al., 2022). More-
over, the North, the main consumer of products and services, regards
consumers as active agents working towards a structured sustainable
transition.

In the Global South, colonial and postcolonial contexts have influ-
enced the capacity for social transformation. Historically, marginalised
regions have experienced an increase in social movements, including
environmental justice movements (Temper et al., 2018). The Global
South should not stunt growth as the basis for these improvements,
where other relevant social movements, such as Buen Vivir, challenge the
‘civilisational model’ of neo-liberal development and define a new
paradigm that embraces different ways of living that adopt more
ecological, human justice and dignified criteria (Escobar, 2015). A sig-
nificant portion of the current theoretical debate on social sustainability
as a pillar of a good bioeconomy revolves around the implications of the
Global North as a consumer and the Global South as a producer (Ekener
et al., 2018), as players in a socioeconomic and cultural context led by
neoliberal movements (Apostolopoulou et al., 2021). This results from
the fact that the current global socio-economic and ecological crises
have disproportionately benefited and harmed different territories and
segments of society and their causes have not yet been specified in a
detailed diagnosis (Kurki and Ahola-Launonen, 2021). Therefore, the
least responsible for socioecological crises is also the most vulnerable
due to the continuous marginalisation and dispossession brought about
by colonialism (Ramcilovic-Suominen, 2023). Hence, fair trans-
formation of the material world requires decolonisation processes to
begin with immaterial concepts related to knowledge and worldviews
regarding social sustainability perspectives (Apostolopoulou et al.,
2021; Ramcilovic-Suominen, 2023).

Furthermore, the conceptualisation of social sustainability in a good
bioeconomy does not depend only on location and context; it should also
integrate the interconnections and interdependencies of the triple helix
perspective of sustainability. The dimensions of sustainability have
evolved independently and have been established without an under-
standing of their interrelationships or how they should be measured and
evaluated within a coherent framework (Littig and Griessler, 2005).
Therefore, the difficulty in finding a definition of social sustainability
that adequately reconciles economic and environmental aspects persists
(Alidoosti et al., 2021), even though this three-dimensional approach is
internationally accepted and recognised as beneficial for sustainable
development (Lehtonen, 2004).

Finally, the complexity for the conceptualisation of social sustain-
ability is given by the fact that both terms ‘social’ and ‘sustainability’ are
currently uncertain in meaning. The concept of ‘sustainability’ may
clearly reflect the need for society inclusion in its achievement; how-
ever, the term ‘social’ remains complex and broad in terms of both
analytical and normative meanings (Littig and Griessler, 2005), and
encompasses intangible, reflective, and individual as well as collective
aspects (Lehtonen, 2004). Despite the existing literature on the biblio-
graphic review of the concept of social sustainability, the con-
ceptualisation of social sustainability requires efforts from multiple
disciplines, especially the social sciences. To date, this scattered and
diverse study has led to a limited academic discussion that has
contributed to the ambiguity of the concept (Vallance et al., 2011).

This review establishes a theoretical framework through the concept
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of a good bioeconomy, which is considered a strong sustainability model
that promotes environmental, economic, and social transformations to
meet current global environmental and social challenges. Furthermore,
it is crucial that the three dimensions of sustainability undergo equitable
transformation and balance harmoniously to achieve objectives in all
three dimensions, and to prioritise the environmental and social di-
mensions in case of conflict.

As explained above, conceptualising social sustainability within a
good bioeconomy is complex and context-dependent. Therefore, this
study attempts to establish a paradigm that should be followed by social
sustainability assessment research in line with a good bioeconomy.
Specifically, this study showed that research in S-LCA is aligned with a
good bioeconomy when, first, it establishes a contextualised definition
of social sustainability within the good bioeconomy framework to be
analysed, involving stakeholder participation; second, it addresses
prevalent challenges and delves into the necessary elements of social
transformation to achieve global social justice; and third, it evaluates the
results of social measurement, prioritising those most in need of social
transformation.

Consequently, this study confirmed that research on S-LCA within
the bioeconomy diverges from the paradigm of a good bioeconomy,
predominantly because of the limited assessment of social trans-
formations. Overall, the literature lacks sufficient development of ar-
guments regarding social sustainability from a transformative
perspective. However, some moderately central studies (six articles)
generated theoretical discussions on social sustainability and addressed
issues such as increased social justice, political challenges, anti-capitalist
viewpoints, and shifts in global power dynamics. After analysing the
findings of the research questions, possible reasons for the lack of dis-
cussion on social sustainability implications were detected. First, this
review suggests that research should be undertaken from a fundamen-
tally Eurocentric perspective and that it lacks contributions from re-
searchers in social disciplines and sufficient focus on social issues. Other
studies revealed the presence of Eurocentrism in S-LCA studies
(Mattioda et al., 2015; Petti et al., 2018) within the bioeconomic field
(Sanz-Hernández et al., 2022). This study confirmed that developed
countries predominantly use social databases in their accountability
assessments. Therefore, the leverage of the Global North has shaped the
bioeconomy and S-LCA theory and practice and is encouraging the
implementation of a supposed universality of Western knowledge by
perpetuating colonialist perspectives (Ramcilovic-Suominen, 2023).
Second, the limited connection between the theoretical debate on social
sustainability and the S-LCA proposals in the bioeconomy can be
attributed to the low involvement of social practitioners in this knowl-
edge domain. Nowadays, academic discussions on the implications of
social sustainability are not clear, because the social dimension of sus-
tainable development is frequently recognised as the conceptually and
theoretically most delicate component (Lehtonen, 2004). This review
found that only 8% of the reviewed studies adopted a social science
approach, which shows the predominance of technical fields, in line
with the scarcity of debate on social sustainability. Given the crucial role
that the social sciences play in the discussion of social sustainability in
the bioeconomy and their limited prominence (Vallance et al., 2011),
practitioners in this social dimension are encouraged to promote greater
academic discussion in this area of research.

5. Research implications and future directions

The final section discusses the findings and implications for future
research in this area. Therefore, this review constrained its contribution
to this specific domain, aiming to establish a connection between future
academic research and a social sustainability framework in a good
bioeconomy, by making recommendations for its measurement through
each defined line of S-LCA research.

The first line of research in S-LCA literature showed a trend towards
social assessment based on regional development in the bioeconomy

because a large number of indicators have a considerable local
perspective. In this regard, great importance was placed on the current
EU bioeconomy policy, because most of the sample was aligned with this
type of framework that focused on proposals for increased job compe-
tition and regional socioeconomic development (EC, 2018). Govern-
ment rhetoric had a tangible impact on the types of research that
received funding, and most studies overlooked social transformation
aspects and prioritised economic growth in line with the EU bioeconomy
policy, which may be seen as an indicator of potential greenwashing
(Ramcilovic-Suominen and Pülzl, 2018). To reverse this trend in eval-
uations, aspects of social transformation in the Global North should be
explored more thoroughly. For instance, the use of indicators should be
encouraged to evaluate the opportunities created by a bioeconomy to
achieve social sustainability, such as the improvement of social welfare
through the development of bioenergy self-sufficiency (Alidoosti et al.,
2021) and the enhancement of land use towards food security
(Panoutsou et al., 2022). Furthermore, the high capacity of the bio-
economy to generate employment at the regional level and its correla-
tion with improvements in the social conditions of local communities
and territorial equality should be examined (Siebert et al., 2018a),
together with the role of consumers as active agents in changing un-
sustainable consumption systems (Falcone and Imbert, 2018). Addi-
tionally, there is a need to prioritise social aspects, such as the attraction
and retention of a highly qualified labour force, to enhance training and
employee development, ensure employee welfare and security (Andrade
et al., 2022; Cadena et al., 2019), and promote equal opportunities and
gender equality (Siebert et al., 2018b; Valente et al., 2018).

Nevertheless, the strong presence of Eurocentrism in the literature
complicates the characterisation of social sustainability within the bio-
economy in territories such as the Global South. Therefore, further
research is required to explore the social transformation involved in the
context of a good bioeconomy in these territories. It would be interesting
to study transformative social aspects to address the urgent need for
legislative improvements that ensure environmental justice and the
welfare of local communities and indigenous people (Manik et al.,
2013), as well as fair working conditions, including decent wages, health
and safety, freedom of association, and social benefits (Sawaengsak
et al., 2019; Zhang et al., 2021). More research is needed to establish
connections between theoretical concepts and social transformation
movements such as Buen Vivir.

Overall, regardless of the location of the study, implementing S-LCA
in a good bioeconomy within this line of research requires a context-
specific approach due to the high relevance of social aspects and local
stakeholders’ opinions (Fürtner et al., 2021). Therefore, it is necessary to
develop specific and detailed indicators to measure the relevant aspects
of social transformation and achieve the desired scenario. Moreover, a
reasonable approach to tackle this issue could be that regional assess-
ments always incorporate a global perspective in a complementary
manner, address international issues, and delineate organisational de-
pendencies on other territories.

Finally, the utilisation of positive indicators that foster organisa-
tional behaviour is advised, which may attach significance to positive
impacts to assess enhancements by bioeconomy models (Ekener et al.,
2018). Although most of the literature focused on risk measurement, the
novel S-LCA Guidelines prioritise positive approaches to surpass mini-
mum legal corporate compliance and enhance the measurement of so-
cial sustainability (UNEP, 2020). Furthermore, the analysis of social
indicators revealed a growing trend towards positive measurements;
over 85% of the samples used one or more positive indicators in their
assessments, which reveals an alignment with the concept of social
transformation and proactive behaviours.

The second line of research in S-LCA literature was focused on inter-
national value chains within the bioeconomy. Although international
value chains display significant disparities in their social aspects, there
has been little discussion on how social sustainability in these value
chains could be improved from a global perspective. A considerable
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amount of literature acquired a methodological dimension inherent in S-
LCA; therefore, new proposals should examine the implications of global
justice in a good bioeconomy. For instance, it is recommended that the
S-LCAmethodology address changes in impact assessments using ‘equity
weights’, which assign different weights depending on inequality aver-
sion (Ekener et al., 2018). In addition, as previously mentioned, further
work needs to be done to fully address bio-based value chains to initiate
an academic discussion that centres on resolving issues of global justice
(e.g. land use conflicts) within current models of production and con-
sumption. In this research domain, the utilisation of social databases was
prevalent and was often viewed as a Eurocentric tool. Although the focus
on the bioeconomy may predominantly be regional, this study showed
the need to adopt a global perspective to extend existing dependencies
and impacts. Hence, an international perspective should be implicit to
ensure that discussions on social sustainability foster the development of
a sound bioeconomy.

Finally, the third line of research focused on the concept of social
sustainability as part of the triple bottom line and presented comple-
mentary studies on social, economic, and environmental impacts. The
variability in characteristics and rationales among sustainability di-
mensions, as well as the numerous interdependencies and interrelations,
may generate an in-depth debate on prioritisation and resolution,
especially concerning social aspects (Lehtonen, 2004). Nevertheless,
most studies within the bioeconomy have prioritised economic and
ecological aspects and added a social dimension without establishing
greater cohesion or argumentation. Therefore, further research would
be of great help in addressing the holistic measurement of sustainability
with a more coherent, balanced, and equitable approach using LCSA
(Zeug et al., 2021) to gain a deeper understanding of the in-
terconnections within the dimensions of sustainability.

Fig. 5 summarises the six main recommendations for future research
aligned with a good bioeconomy in the social sustainability dimension.

6. Conclusions and policy implications

Previous reviews have consistently highlighted that S-LCA in the
bioeconomy is indeed a growing trend (Ramos-Huarachi et al., 2020),
which is in line with the momentum recently gained from the bio-
economic literature written from a social science perspective
(Sanz-Hernández et al., 2019). Thus far, reviews have focused on aspects

such as transparency, reliability, and relevance in social assessments
(Rebolledo-Leiva et al., 2023). Most of the literature tends to focus on
the accuracy of its results and the need to obtain specific and more
detailed indicators (Rafiaani et al., 2020), as well as the scarcity of
adequate reference data for suitable evaluation (Jarosch et al., 2020),
especially in bioeconomy sectors (Alidoosti et al., 2021). Nevertheless,
little attention has been paid to issues related to the implications of a
social transformation towards social sustainability and its corresponding
measurement and evaluation.

This review was framed within the concept of a good bioeconomy and
aimed to assess whether the bioeconomy, particularly its social dimen-
sion, is being evaluated according to standards that ensure social sus-
tainability transformation. In addition to theoretically exploring the
implications of social sustainability in a good bioeconomy, this study
presented the main social indicators used to measure social perfor-
mance, effects, and impacts to this date (Macombe et al., 2013). Indeed,
the reviewed evaluations detected a limited number of discussions on
the implications of social sustainability and social transformation
assessment within the bioeconomy. These findings may be attributed to
the dominant forms of euro-modernity and the highly technical
knowledge that feature S-LCA research within the bioeconomy today.
Consequently, the S-LCA is not currently specifically applied to assess
socially sustainable transitions within a bioeconomy. Thus, following
the recommendations proposed throughout this review to address cur-
rent knowledge gaps concerning the formulation of more interdisci-
plinary and transdisciplinary social assessments and to enhance the
comprehension and implications of social sustainability within the
specific context of a good bioeconomy is strongly recommended.

Finally, the findings indicate that the evaluation of social sustain-
ability transitions within a bioeconomy remains limited, underscoring
the need for policy implications that advocate a more comprehensive
study and assessment of social transformations in this domain. There-
fore, it is recommended that the design of public policies related to the
bioeconomy be enhanced by defining social sustainability more pre-
cisely and establishing clear needs, objectives, and strategies for its
achievement. Moreover, given the growing prominence of the S-LCA
within the bioeconomy, policymakers must support its further devel-
opment. This advancement should be guided by the recommendations
presented in this review to ensure alignment with the principles of a
good bioeconomy.

Fig. 5. Recommendations for future research towards a social sustainability in a good bioeconomy.
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Sanz-Hernández, A., Jiménez-Caballero, P., Zarauz, I., 2022. Gender and women in
scientific literature on bioeconomy: a systematic review. For. Policy Econ. 141,
102762. https://doi.org/10.1016/j.forpol.2022.102762.

Sawaengsak, W., Olsen, S.I., Hauschild, M.Z., Gheewala, S.H., 2019. Development of a
social impact assessment method and application to a case study of sugarcane, sugar,
and ethanol in Thailand. Int. J. Life Cycle Assess. 24, 2054–2072. https://doi.org/
10.1007/s11367-019-01624-8.

Siebert, A., Bezama, A., O’Keeffe, S., Thrän, D., 2018a. Social life cycle assessment
indices and indicators to monitor the social implications of wood-based products.
J. Clean. Prod. 172, 4074–4084. https://doi.org/10.1016/j.jclepro.2017.02.146.

I. Zarauz et al. Journal of Cleaner Production 486 (2025) 144570 

13 

https://doi.org/10.1007/s12155-021-10261-9
https://doi.org/10.1007/s12155-021-10261-9
https://doi.org/10.1016/j.jclepro.2017.12.218
https://doi.org/10.1016/j.jclepro.2017.12.218
https://doi.org/10.3390/su12156211
https://doi.org/10.3390/su12031259
https://doi.org/10.1016/j.apenergy.2015.01.095
https://doi.org/10.1111/jiec.12663
https://doi.org/10.1007/978-3-030-64969-2_9
https://doi.org/10.1016/j.ecolecon.2004.03.019
https://doi.org/10.1016/j.ecolecon.2004.03.019
https://doi.org/10.1504/IJSD.2005.007375
https://doi.org/10.1504/IJSD.2005.007375
https://doi.org/10.1016/j.jclepro.2022.135725
https://doi.org/10.1016/j.jclepro.2022.135725
https://doi.org/10.3390/ijerph20075350
https://doi.org/10.3390/ijerph20075350
https://doi.org/10.1016/j.jclepro.2013.03.026
https://doi.org/10.1007/s11367-017-1419-3
https://doi.org/10.1007/s11367-020-01800-1
https://doi.org/10.1007/s11367-013-0581-5
https://doi.org/10.3390/su10020547
https://doi.org/10.1016/j.jclepro.2014.01.044
https://doi.org/10.1007/s10098-022-02278-1
https://doi.org/10.1039/D0SE00919A
https://doi.org/10.1039/D0SE00919A
https://doi.org/10.3390/ijerph18094918
https://doi.org/10.1016/j.renene.2022.06.002
https://doi.org/10.1111/jiec.13287
https://doi.org/10.1016/j.jclepro.2021.129567
https://doi.org/10.1016/j.jclepro.2021.129567
https://doi.org/10.1016/j.biombioe.2017.12.019
https://doi.org/10.1016/j.biombioe.2017.12.019
https://doi.org/10.1007/s11367-015-0873-z
https://doi.org/10.1111/jiec.13324
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1007/s11367-018-1540-y
https://doi.org/10.1007/s11367-018-1540-y
https://doi.org/10.1177/1609406917733847
https://doi.org/10.3390/su13041607
https://doi.org/10.3390/su13041607
https://doi.org/10.1002/bbb.2376
https://doi.org/10.3390/en15197258
https://doi.org/10.3390/en15197258
https://doi.org/10.1007/s11367-016-1135-4
https://doi.org/10.1007/s11367-016-1135-4
https://doi.org/10.3390/su131810286
https://doi.org/10.3390/ijerph182111351
https://doi.org/10.1007/s10098-019-01715-y
https://doi.org/10.1016/j.spc.2020.11.009
https://doi.org/10.1016/j.spc.2020.11.009
https://doi.org/10.1007/s11367-019-01702-x
https://doi.org/10.1007/s11625-022-01091-5
https://doi.org/10.1016/j.jclepro.2016.12.157
https://doi.org/10.1016/j.forpol.2022.102819
https://doi.org/10.1016/j.forpol.2022.102819
https://doi.org/10.1016/j.jclepro.2020.121506
https://doi.org/10.1016/j.rser.2023.113162
https://doi.org/10.1007/s11367-015-0877-8
https://bit.ly/3r1bHcn
https://doi.org/10.1177/000765039903800105
https://doi.org/10.1177/000765039903800105
https://doi.org/10.3390/su10093289
https://doi.org/10.1016/j.jclepro.2020.124341
https://doi.org/10.1016/j.jclepro.2019.03.168
https://doi.org/10.1016/j.jclepro.2019.03.168
https://doi.org/10.1016/j.forpol.2022.102762
https://doi.org/10.1007/s11367-019-01624-8
https://doi.org/10.1007/s11367-019-01624-8
https://doi.org/10.1016/j.jclepro.2017.02.146


Siebert, A., O’Keeffe, S., Bezama, A., Zeug, W., Thrän, D., 2018b. How not to compare
apples and oranges: generate context-specific performance reference points for a
social life cycle assessment model. J. Clean. Prod. 198, 587–600. https://doi.org/
10.1016/j.jclepro.2018.06.298.

Silva, D.A.L., Vásquez-Ibarra, L., Farrapo Junior, A.C., Musule Lagunes, R., 2024.
Comparative social hotpots analysis of biomass pellets in Brazil, Chile, and Mexico in
a circular bioeconomy context. Int. J. Life Cycle Assess. https://doi.org/10.1007/
s11367-024-02333-7.

Souza, A., Watanabe, M.D.B., Cavalett, O., Ugaya, C.M.L., Bonomi, A., 2018. Social life
cycle assessment of first and second-generation ethanol production technologies in
Brazil. Int. J. Life Cycle Assess. 23, 617–628. https://doi.org/10.1007/s11367-016-
1112-y.

Souza, A., Watanabe, M.D.B., Cavalett, O., Cunha, M., Ugaya, C.M.L., Bonomi, A., 2021.
A novel social life cycle assessment method for determining workers’ human
development: a case study of the sugarcane biorefineries in Brazil. Int. J. Life Cycle
Assess. 26, 2072–2084. https://doi.org/10.1007/s11367-021-01936-8.

Spierling, S., Knüpffer, E., Behnsen, H., Mudersbach, M., Krieg, H., Springer, S.,
Albrecht, S., Herrmann, C., Endres, H.J., 2018. Bio-based plastics—a review of
environmental, social and economic impact assessments. J. Clean. Prod. 185,
476–491. https://doi.org/10.1016/j.jclepro.2018.03.014.

Starke, J.R., Metze, T.A.P., Candel, J.J.L., Termeer, C.J.A.M., 2022. Conceptualizing
controversies in the EU circular bioeconomy transition. Ambio 51, 2079–2090.
https://doi.org/10.1007/s13280-022-01730-2.

Takeda, S., Keeley, A., Sakurai, S., Managi, S., Norris, C., 2019. Are renewables as
friendly to humans as to the environment?: a social life cycle assessment of
renewable electricity. Sustainability 11, 1370. https://doi.org/10.3390/
su11051370.

Tavakoli, H., Barkdoll, B.D., 2020. Blended lifecycle integrated social system method.
Int. J. Environ. Res. 14, 727–749. https://doi.org/10.1007/s41742-020-00284-z.

Temper, L., Walter, M., Rodriguez, I., Kothari, A., Turhan, E., 2018. A perspective on
radical transformations to sustainability: resistances, movements and alternatives.
Sustain. Sci. 13, 747–764. https://doi.org/10.1007/s11625-018-0543-8.
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