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Abstract: We systematically mapped the scientific literature on the sustainability of pig production
at farm-level. Sustainability was considered holistically, covering its economic, environmental,
and social dimensions, each consisting of a broad range of different aspects that may contradict or
reinforce each other. Literature published between January 2000 and March 2020 with a geographical
focus on Europe, North America, Australia, and New Zealand was included. A standard template
with predefined keywords was used to summarise aspects of each sustainability dimension covered in
identified papers. We found that papers analysing environmental sustainability were more frequent
than papers analysing economic or social sustainability. However, there are many different aspects
within each dimension of sustainability, hampering comparisons between studies. In addition,
each dimension of sustainability has many sides, making it difficult to compare different studies,
and different dimensions and aspects may have complex interrelations. Our systematic literature
review revealed that these interrelations are not well understood and that possible trade-offs or
synergies between different aspects of sustainability dimensions remain unidentified. This systematic
mapping of the current literature on farm-level sustainability in pig production can support a more
informed discussion on knowledge gaps and help prioritise future research at farm-level to enhance
sustainability in pig production.
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1. Introduction

Pork comprises about 40% of global meat consumption and is the most commonly consumed
meat [1]. The growing global human population is predicted to exceed 10 billion by 2055 [2], with
a large share in eastern Asia. This, combined with a global increase in average per capita income,
will increase future demand for livestock products. In 2016 there were 980 million pigs in the
world [3]. Pig production provides humans with a source of animal protein, and may also constitute
the main income for many farms and farming families around the world. As such, pig production
contributes to several of the 17 global Sustainable Development Goals (SDG) set by the United Nation
in 2016, including SDG1: zero hunger, SDG3: good health and wellbeing, and SDG8: decent work
and economic growth [4]. However, pig production may also compromise other SDGs, including
SDG13: climate action and SDG15: life on land. The need for the growing livestock sector to
meet rising demand for animal product while also transitioning to environmentally sustainable
production processes and helping to meet several social demands, such as poverty alleviation, has been
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emphasised [1]. Major challenges with modern pig production include emissions of greenhouse gases,
loss of biodiversity, and exhaustion of finite natural resources. For sustainable future pig production,
it is of vital importance that these challenges are dealt with. Furthermore, pig production is one of most
widespread farm livestock enterprises, involving many farms within Europe, Africa, Eastern Asia,
and America. Thus, the sustainability of pig production has an impact locally as well as globally.

The Brundtland Commission defined sustainable development as “development that meets the
needs of the present without compromising the ability of future generations to meet their own needs” [5].
Sustainable agriculture has previously been defined as management and use of agricultural ecosystems
in a way that maintains biological diversity, regeneration capacity, vitality, productivity, and ability to
fulfil—today and in the future—significant ecological, economic, and social functions at local, national,
and global levels and does not harm the ecosystem [6]. For the livestock industry, Torp-Donner and
Juga [7] defined sustainable livestock production as “production that is ecologically sound, taking into
account the environment and biodiversity, ethically and economically sustainable”, but pointed out
that no universal definition exists. Sustainability in animal food production includes many ecological
issues, but the economic dimension of sustainability is particularly important since agriculture is
commonly carried out by private firms, for which revenues need to exceed costs, at least over the
long term, to sustain these firms and thereby production and food supply. Although sustainability
is a holistic concept, the concept needs to be split into several dimensions that can be analysed
empirically, which in turn is a necessary basis for further scientific analyses on higher system levels.
When discussing sustainability, one can refer to the three main dimensions; environmental, economic,
and social. There are also specific aspects of animal production, such as animal welfare, impacts on
public health, and ethical considerations related to animal husbandry [8]. The latter largely relate to
social acceptance of production. This means that truly sustainable farm animal production requires all
these aspects to be taken into account. However, the different dimensions of sustainable development
and the aspects constituting each dimension may be conflicting, meaning that there are trade-offs
between them or that they reinforce each other.

Environmental sustainability in pig production includes the management of harmful waste
products and pollution caused by different production systems, as well as impacts caused by feed
production. Emissions of greenhouse gases and excess nutrients constitute a considerable environmental
challenge. Some studies have explored potential solutions to reduce the environmental impact,
including methods for monitoring and assessing such wastes, along with possible bioconversion
of manure to biogas and bio fertiliser [9]. Another aspect, irrespective of geographical area, is the
importance of preserving biological biodiversity. The intensive use of scarce natural resources, such as
land exploitation and large monocultures of grain and soy, is further a major environmental concern
frequently mentioned in connection with pig production [10].

Economic sustainability in pig production, often referred to in terms of economic output,
productivity, and efficiency of the production process, is often considered in association with the other
dimensions of sustainable pig production. For example, prevention of zoonotic diseases, such as
influenza and salmonellosis, is of major importance for public health and also has significant economic
consequences [11]. Improving pig health and immunity is not only an animal welfare issue, but
also affects the efficiency of the process in which production inputs can be transferred to production
outputs, and thus the economic return of the process. This also applies to environmental sustainability,
as reduced production efficiency often leads to inefficient resource use and hence higher impacts per
unit of meat produced. Concerns about potentially large economic costs associated with improving
animal welfare have been voiced by some stakeholders, for instance in a recent government inquiry in
Sweden [12].

Social sustainability is a complex dimension of pig production [13]. The widespread use of
antibiotics, and resulting residues and resistant bacteria in soil and food products, are a threat to human
health [14,15]. The working environment may also pose a threat, exposing staff members to noise,
increased risk of respiratory diseases, and injuries [16]. In addition, odour emissions from pig houses
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may have a negative effect on local residents [17]. Society is increasingly demanding that agricultural
production provide ecosystem services [18]. Societal acceptance of pig production is fundamental for
the survival of this form of agricultural production in the future [8,19,20].

Animal welfare has been proposed as a fourth dimension of sustainable agriculture [8] and the
public attitude to animal welfare is an important consideration when assessing the sustainability
of animal production [19]. Broom [19] claimed that “No system can be sustainable if a substantial
proportion of people finds aspects of it now, or of its consequences in the future, morally unacceptable”.
In 2016, the United Nations Committee on World Food Security (UN-CFS) included improving animal
welfare as a goal in its draft recommendations on sustainable agricultural development [21]. This places
animal welfare within the same concept as the three classical dimensions (economic, environmental,
and social sustainability), even though Buller, et al. [22] argued that animal welfare is yet to be a fully
integrated component of sustainability. Animal welfare is often considered in association with other
dimensions of sustainability. For example, improved animal health and reduced use of antibiotics are
not only important for pig welfare, but also for economic reasons (reduced costs, increased productivity,
and product quality), social reasons (improved public health, public acceptance of production) and
environmental reasons (increased resource efficiency, reduced drug residues, and resistant bacteria
in soil) [23]. Some authors have tried to incorporate animal welfare in life cycle analyses (LCA) of
animal production [24]. Genetic selection for increased productivity has been proposed, but without
taking animal welfare into further consideration, alongside a growing concern that intensive farming
may threaten animal welfare [25]. Other studies have discussed potential economic consequences for
farmers working to enhance animal welfare [26,27].

In order to develop sustainable pig production that meets both the needs and demands of the
future, a useful starting point would be to map current knowledge and based on this, identify major
knowledge gaps. Accordingly, the aim of this study was to systematically map the scientific literature
on sustainability in pig production, covering a wide area of aspects within the three main dimensions of
sustainable development, including e.g., feed, genetics, animal health, production systems, profitability,
economic efficiency, labour, employment, and quality in primary production. Systematic mapping
aims to catalogue available papers related to a specific topic in order to identify knowledge and
knowledge gaps, as opposed to a systematic review, which aims to answer a specific question [28].
We focused on studies conducted in Europe, North America, Australia, and New Zealand to include
production systems based on similar economic contexts. To the best of our knowledge, no previous
systematic mapping has been performed of the scientific literature related to sustainable pig production.
Our intention was to provide important insights into the current state of knowledge, identify areas for
future research, and provide a basis for prioritising research areas.

2. Materials and Methods

2.1. Definition of Fundamental Concepts

Environmental sustainability is a natural science-based dimension and, in principle, concerns
the total impacts on ecosystems caused by human activities. The most commonly used tool for
quantification of environmental impacts is a life cycle assessment (LCA). Within LCA, flows of
resources (energy, land, water etc.) into the production system and emissions from the system are
quantified and potential impacts described. The environmental impact caused by the emissions, at all
spatial scales, should be included, as should the perspective of resource availability locally, regionally,
and globally. The scope of life cycle assessments (LCAs) of environmental sustainability should be
the function of the production, not the organisational boundaries. Thus all flows to and from the
production system need to be considered, regardless of economic ownership [29]. There are other
assessment methods besides LCA, most of which are similar in terms of their basic principles, but may
use different approaches, in particular in the description of impacts. An example is the ecological
footprint approach, where all emissions and resource use are transformed into “hypothetical area
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used”, thus creating a common unit for the environmental impact of individual products [30]. In the
present study, the concept of environmental sustainability was taken to include topics such as: land use,
biodiversity, greenhouse gas emissions, eutrophication, pollution, and other environmental hazards.

Concerning economic sustainability, this dimension of sustainable development has generally
come to include aspects such as job creation and income generation to sustain the population.
However, the scientific literature is not clear on how best to measure economic sustainability [31].
Within sustainability accounting, the Global Reporting Initiative (GRI) reporting standards [32] provide
guidance on which aspects to consider, and include economic indicators such as costs, revenues, profit,
and investments. The economic dimension of sustainable development basically implies a focus on
growth of the economic system and on maintaining the capital invested in firms. In this respect,
an interesting distinction can be made between weak and strong sustainability [33,34], and thus natural
and economic capital. Weak sustainability is about maintaining the sum of those two types of capital
together, whereas strong sustainability is about maintaining each type separately [34].

Sustainability in an economic perspective can also focus on sustainable use of natural resources
within a defined economic system, basically meaning that sustainability is achieved when the economic
activity is not undertaken at the cost of natural resources. The economic concept of negative externalities
is useful in understanding and fully capturing all costs associated with production, i.e., not only costs
incurred by the producer, but also societal costs [34]. In the present analysis, we assessed whether the
selected literature considered economic indicators such as profit, economic efficiency, cost, and returns
on capital in sustainability assessments.

Social sustainability is less well-defined and mostly a neglected dimension of sustainability [13].
It may be defined as the ability of a community to develop processes and structures that meet the
needs of community members and, furthermore, support the ability of future generations to maintain a
healthy community. However, there is no universal definition of social sustainability, and it has hence
been defined in different ways and in relation to the other two dimensions [35]. One proposed broad
definition that has been suggested is that social sustainability is a life-enhancing condition within
communities, and a process within communities that can achieve that condition [36,37]. In the present
study, the concept of social sustainability was taken to include topics such as social equity, livelihood,
health equity, community development, labour rights, and community resilience.

2.2. A Systematic Mapping Approach

Systematic mapping, also known as evidence gap mapping, was used to evaluate the current
literature on farm-level sustainability in pig production. Systematic mapping is a transparent, robust,
and repeatable method for identifying and collecting relevant literature on a research question [38].

2.3. Search of Literature

Comprehensive searches of several information sources were carried out in an attempt to obtain
an unbiased sample of published literature. The searches were conducted in the end of March 2020.
The following online literature databases were used to identify relevant literature:

• Scopus;
• Web of Science Core Collection;
• CABI: Cab Abstracts.

The time span for the searches was set to papers published from 1 January 2000 to 20 March 2020.
In order to find relevant papers dealing with pigs, the following search terms were used: pig OR
pigs or piglet* OR sow OR sows OR swine OR pork. These were combined with search terms for the
three dimensions of sustainability (Table 1), which were defined through an iterative process by all
co-authors, in collaboration with a university librarian. The authors have expertise in different areas
and were able to suggest possible search terms and list indicators of sustainability typically used in
each area. In Scopus, the search was made within the search field “Title, Abstract, Keywords” and



Sustainability 2020, 12, 4352 5 of 15

in Web of Science Core Collection and CABI: Cab Abstracts, the searches were made within “Topic”,
which includes title, abstract, and keywords.

Table 1. Library search terms for environmental, economic, and social sustainability (will be moved).

Sustainability
Dimensions Search Terms 1

Environment

(“environmental impact assessment” OR (environment* NEAR/2 assessment) OR
(environment* NEAR/2 impact) OR (environment* NEAR/2 protection) OR (climate

NEAR/1 change*) OR biodiversity OR ecosystem* OR pollution OR deforestation OR
eutrophication OR (habitat NEAR/2 destruction) OR (land NEAR/2 degradation) OR

(ozone NEAR/2 depletion) OR “acid deposition” OR (odour NEAR/2 emission) OR “air
quality” OR “biochemical oxygen demand*” OR “chemical oxygen demand*” OR

(nitrogen NEAR/2 balance) OR (nitrogen NEAR/2 cycle) OR (carbon NEAR/2 cycle) OR
eco-toxicity OR “carbon footprint” OR LCA OR “life cycle assessment”)

Economic

(agricultur* NEAR/2 development) OR (agricultur* NEAR/2 production) OR (farm*
NEAR/2 comparison*) OR (farm NEAR/2 entrant*) OR (farm NEAR/2 result*) OR (farm

NEAR/2 development) OR production OR diversification OR intensification OR “technical
efficiency” OR “economic efficiency” OR “eco-efficiency” OR profit OR econom* OR return

OR ”economic viability” OR ”economic performance”)

Social

(attitude* NEAR/2 work) OR labour OR labor OR (quality NEAR/2 life) OR “living
condition*” OR “rural welfare” OR (work* NEAR/2 condition*) OR “rural development”

OR “social welfare” OR “social security” OR “social service*” OR “social equity” OR
(health NEAR/2 service*) OR “social status” OR (women NEAR/2 status) OR “equal right*”
OR equality OR (rural NEAR/2 employment) OR livability OR “health equity” OR “labour
rights” OR “labor rights” OR “social justice” OR “social capital” OR (community NEAR/2

development) OR (community NEAR/2 resilience)
1 For the searches in Web of Science Core Collection and CABI: CAB Abstracts, the Boolean operator NEAR was
used and for the search in Scopus, the Boolean operator W was used.

The results of the searches were imported into EndNote X8TM. A separate library was made for
each search in the different databases. When searching was complete, all the libraries were incorporated
into one new library, and the number of references found was recorded. Any duplicates were removed
using the automatic function in the EndNote X8TM software. The retrieved library was then manually
searched for references relevant to the topic. Only full-length, trial-based papers were included, i.e.,
literature reviews, book chapters, conference papers, and organisation reports were excluded. Further,
the full-length papers had to be written in English to be included. In addition to the articles addressing
various dimensions of sustainability, a geographical limitation was also set, which meant that only
studies conducted in Europe, North America, Australia, and New Zealand were included, to obtain
studies conducted on production systems in similar economic contexts. Exclusion due to publication
type, language, or geographical origin was performed manually, and was not set up in the searches.

In the next phase data were extracted from the abstracts of the studies included, in order to
describe important aspects of the three sustainability dimensions, using a template. In the template,
keywords used in each study to describe sustainability were defined and categorised. The full text of
selected papers that listed aspects of the dimensions of sustainability in the abstract were analysed
in order to assess the actual scientific content of all three dimensions, i.e., that all dimensions were
empirically studied.

3. Results

The literature searches resulted in a total of 589 hits, of which 362 hits (61%) originated from
CABI: Cab Abstracts, 106 hits (18%) originated from Scopus, and 121 (21%) hits originated from Web
of Science Core Collection. Review papers, papers not written in English, and papers not referring
to countries within the scope of this study were removed, leaving 36 papers that were included in
the analysis (Appendix A). No reported studies conducted in Australia or New Zealand were found.
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The 36 selected papers were screened to ensure that they covered all three sustainability areas and
belonged to the target geographical area.

On assessing the abstracts of the 36 papers, we found that only seven included key words that
were associated with all three dimensions of sustainability (environmental, economic, and social).
Seven abstracts included two dimensions (economic and social, environmental and social, and economic
and environmental in one, three, and three papers, respectively) and one paper involved one of the
dimensions (environmental). This left us with a total of 15 relevant papers (Figure 1), of which nine
papers described empirical experiments. Table 2 summarises characteristics of the selected 15 papers
with respect to (i) what indicators of each sustainability dimension have been used, (ii) under what
wider label indicators under each sustainability dimension can be grouped to facilitate comparison,
and (iii) number of papers that have investigated sustainability under each label.
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Table 2. Indicators of environmental, economic, and social sustainability and research methods used in the selected papers (n = 15), and number of times each
summarised category was used in these papers.

Economic Dimension Summarised
Economic

Number of
Papers Environmental Dimension Summarised

Environmental
Number of

Papers 1 Social Dimension Summarised
Social

Number of
Papers

Economic viability
Firm economic

viability 4

Climate change

LCA based 5

Animal welfare

Animal health
and welfare

8

Net farm income Acidification Animal health
Income generation Land occupation Use of antibiotics
Producer surplus Eutrophication Pig mortality rate

Financial stability
Financial situation

and returns to
capital

3

Soil quality, erosion, and C
accumulation

Local ecosystem
services

4

Breeding programs

Net present value Soil quality, nutrients Working conditions

Employment
and working

conditions
6

Internal rate of return
Biodiversity Occupational health

Maintenance of ground water

Transferability

Market adaptation
and consumer
perspectives

4

Ammonia emissions

Local emissions 5

Job creation

Generating capacity Nitrogen losses from soil and
manure Local income

Market conformity Odour control and emissions
reductions Employment

Consumer surplus Meat safety

Food security 4Costs Costs 3
Nitrogen Phosphorus

Global resources 6 Food securityEnergy
Transport

Efficiency

Efficiency and
productivity 4

Changes in agricultural
structure Legislation and

regulation 2
Labour productivity

Productivity

Political and social
possibilities to control

production

Stakeholder perceptions

Societal
acceptance 8

Dependence on subsidies
Subsidies 3

Social acceptability
Governmental payments Cultural acceptability

Production management Management 1 Landscape aesthetics
Appreciation of the region

Odour

sLCA sLCA 1
1 Note: Papers typically considered more than one aspect within each dimension of sustainable development.
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4. Discussion

Systematic mapping is a useful approach for obtaining an overview of current scientific literature.
In systematic mapping, searches and inclusion/exclusion process are conducted with the same
comprehensive method as for a full systematic review, but the process does not extend to critical
appraisal or data synthesis [38–40]. The results obtained through systematic mapping enable
identification of relevant knowledge gaps in the context of stakeholder knowledge and opinions.
This information can then be used to establish a tentative agenda for high-priority areas for future
research involving stakeholders—in the present case with the primary focus on pig production in
high-income countries. The data extracted from the dataset included in the present analysis described
important aspects of the different dimensions of sustainability dealt with in the studies. A major benefit
of systematic mapping is that vast and potentially diverse research areas can be investigated (mapped)
in a comprehensive way, providing a useful overview of the area and priorities and the main focus
applied in earlier research. This provides useful information on how to prioritise research in the future
by indicating knowledge gaps that can be evaluated by researchers and stakeholders. In contrast,
a systematic review requires substantial analysis of a minor and thoroughly specified topic, where the
results from the selected papers are statistically evaluated and synthesised [28]. For the purposes of
the present study, a systematic mapping approach was considered more useful.

With our search method, we identified papers where the words in the search string were included
in the title, abstract, or keywords. However, the papers produced by the searches did not necessarily
have sustainability as part of the aim. Furthermore, the aims stated were often not those we were
initially interested in, or were outside the scope of the analysis. We excluded studies without clearly
stated aims about investigating sustainability, but these may well have covered aspects of sustainability
that were relevant to our study.

Most papers identified were not in areas that were relevant to our topic, i.e., farm-level sustainability
in pig production. Although our searches contained search terms for all three dimensions of
sustainability, only a limited proportion of papers (15 out of 36) were initially identified as actually
dealing with all dimensions (environmental, economic, and social). Further investigation of the
15 papers revealed that only five of them actually fell within the defined scope, leaving us with an
even smaller proportion (five out of the 36 relevant papers). In the rejected papers, sustainability was
not part of the aim or the content of the paper did not meet our set criteria, including all three pillars
of sustainability. Further investigation revealed that only five papers fully fit the set criteria. Of the
five final remaining papers that met our inclusion criteria, two were methodology papers describing
methods and procedures for evaluating sustainability [41,42] and were part of a larger project where
the actual results were published in other papers. The outcomes of our search method were therefore
rather limited, and it was rare for all three dimensions of sustainability to be actually investigated
within the same study.

Of the few papers that covered all dimensions of sustainability, some described a single scientific
study and reported the results on the different sustainability dimensions in separate papers, e.g.,
works performed by Bonneau and co-workers [41–44]. This indicated that we might have retrieved an
incomplete set and missed relevant papers by only including papers concerning all three dimensions.
Therefore, we performed a further analysis of papers covering one or two of the three sustainability
dimensions regarding the scope in order to analyse the relevance. However, the lack of papers
discussing and evaluating all three sustainability dimensions in relation to each other might lead to loss
of significant information of importance for the development of sustainable pig production. There may
also be other papers that covered all three dimensions of sustainability, but which did not appear
among the hits because they did not include the exact words used in our search strings. However,
to ensure achieving full coverage of the dimensions, the search string was developed through an
iterative discussion within the project group and with a qualified university librarian. This made the
search strings rather comprehensive, so we believe that we included a majority of studies dealing with
sustainability within pig production at farm-level.
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Another consideration is that using our search strings resulted mainly in papers that were
considered to be outside the scope of our analysis. The comprehensive search strings included all
papers containing one or more words from each group of words connected to each sustainability
dimension in our search string according to the string set-up. The identification of ‘false’ papers
(i.e., containing key words, but not covering the topics of interest) could have been minimised with
a more specific search string, either containing fewer words or more specific searches, for instance
for matches only within the title, instead of in title, abstract, and key words. However, such an
approach would have increased the risk of missing relevant papers. The wide range of hits due to
the comprehensive search string was instead manually assessed to identify relevant papers from the
abstract, so the risk of deleting relevant papers was low.

Initially, we did not include animal welfare as a criterion in social sustainability, but we added
it to this dimension during the reading process, as it is closely linked to society’s view of animal
production. However, it is not straightforward to decide which dimension of sustainable development
animal welfare fits best into, or if it should be considered a dimension on its own. In particular, animal
welfare can be considered related to all parts of sustainable development. This can be clarified through
some examples: (i) Grazing animals are allowed to express their natural behaviour and should thus
experience higher levels of animal welfare. At the same time, grazing animals often help to improve
biodiversity, which is part of the environmental dimension of sustainable development. (ii) Animal
health is part of animal welfare and having healthier animals reduces spending on veterinary treatments,
discarded agricultural products, and labour requirements, which is part of both the economic and
environmental dimensions of sustainable development. (iii) Improved animal welfare is likely to
improve society’s acceptance of animal production, which is part of the social dimension of sustainable
development. Animal welfare, although it may be defined in different ways [45], was then included
as part of social sustainability. It should be noted that other aspects of sustainable development
perspectives may be interrelated in similar ways. However, it is clear from our systematic mapping of
the current literature that those interrelations are not well-understood and that possible trade-offs or
synergies between different aspects have not yet been identified. This is an important area for future
research and highlights the importance of all aspects of sustainability being discussed and evaluated
within the same paper.

However, improving pig health and immunity is not only an animal welfare issue, but also affects
the efficiency of the process by which production inputs are converted into production outputs, and thus
the economic return of the process. This also applies to environmental sustainability, as reduced
production efficiency often leads to inefficient resource use, and hence higher impacts per unit of
meat produced. However, concerns about potentially large economic costs associated with improving
animal welfare have been voiced by stakeholders, for instance in a recent government inquiry in
Sweden [12].

Few papers in the dataset covered all three dimensions of sustainability together and none of
the papers assessed whether or how different sustainability dimensions can counteract or reinforce
each other. It is difficult to estimate and take full advantage of the aspects of environmental, economic,
and social sustainability within a particular production system at the same time. The various
sustainability aspects therefore need to be weighed against each other in order to maximise the
overall sustainability at farm-level, or even in a broader societal context. According to Hansen (1996),
sustainability can be defined at different systems levels—farm, region, and global. At the base level,
the farm, production must be sustained environmentally and economically over a long time. The higher
levels, regional and global, add more requirements that need to be met, but they build on sustainable
farms. Hence, farm-level sustainability is crucial for larger-scale sustainability [46]. This emphasises
the need for studies investigating several aspects at the same time, and their relations to each other.
Furthermore, it is probably difficult to maximise environmental, economic, and social sustainability
within the same production system. Therefore, various aspects of sustainability need to be balanced in
order to maximise the overall sustainability within a farm, or even in a broader societal context.
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Initially, we aimed to identify papers presenting research conducted in Europe, North America,
Australia, and New Zealand. These geographical areas were included due to expected similarities
between production systems, enabling comparisons between studies. However, we did not identify
any papers from Australia and New Zealand, probably due to the minor importance of pig production
in these countries.

Regarding the definitions of the sustainability criteria, a clear challenge was the very wide
definitions of the three dimensions of sustainability that are used in the scientific literature. For example,
the term environmental sustainability was used to describe studies ranging from energy use in a
single process line to full-scale cradle-to-gate LCA studies. There was similar, or even larger, variety
in the definitions of social and economic sustainability. In addition, there are many different aspects
within each dimension, which complicated comparisons between studies since there may have been
differences in the approach used to investigate, e.g., environmental sustainability may differ radically
between studies. Future research should focus on developing a taxonomy for conceptualising various
aspects of the three dimensions of sustainability, which could enable comparison between studies.

In most of the papers in the dataset there was a clear focus on one dimension of sustainability,
which was quantified, while the other dimensions were discussed more briefly, mainly to put
the main results in context. As concluded by authors such as Bonneau and co-workers [42],
regarding sustainability, we found that few previous studies have investigated all three dimensions of
sustainability in pig production, with more papers covering just one dimension. We found more papers
dealing with environmental or social sustainability than economic sustainability. These findings can
be used for prioritising future research related to the sustainability of pig production, by comparing
current knowledge against identified needs for future knowledge. In the future, an interdisciplinary
study probably should be performed in order to develop a conceptual framework for a sustainability
performance assessment of pig production at farm and territorial level, where all three dimensions of
sustainability are assessed, including potential synergies and conflicts between sustainability goals
and targets.

5. Conclusions

We identified the scientific papers on sustainability in pig production, including all dimensions
of sustainable development. In the retrieved literature, we found few studies that included all three
dimensions of sustainability simultaneously, but papers covering one of the three dimension of
sustainability were more common. Papers that were dealing with environmental sustainability were
more frequent than papers analysing economic or social sustainability. Our findings can be used for
prioritizing future research to understand the interplay between different aspects and how this can
affect the development of sustainable pig production.
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