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Abstract: Circular Economy (CE) has grown prominence over the last two decades as a concept
that presents solutions to some of the world’s most transversal sustainable development challenges
and consequently its various business models such as Industrial Symbiosis (IS) have been identified
as important tools for Sustainable Development (SD). Several authors have created a solid base to
understand how CE contributes to SDGs achievement, nevertheless, there is a limited number of
contributions in understanding how IS will contribute to achieving the SDGs. This paper aims to
advance in the understanding of IS implementation within the scope of the achievement of SDGs,
with a special focus on identifying which is the relevance of the IS to achieve the SDGs and which are
the critical areas of contribution. To accomplish this objective, a research methodology integrated
with a literature review and matching exercise was performed. The results of this study suggest that
the extended IS implementation might collaborate with the achievement of 8 SDGs and 22 targets.

Keywords: Industrial Symbiosis; Sustainable Development Goals; sustainable development

1. Introduction

Commonly associated with Industrial Ecology (IE), Industrial Symbiosis is a strategy
for promoting a circular economy since it mimics nature’s natural system in an industrial
environment [1]. Through the implementation of this circular business model “industrial
ecosystems” are created, in which elements or industrial actors can share wastes, by-
products, residues, energy, water, expertise, equipment, and materials with one another,
allowing resources and materials to be used productively for longer [2].

The companies that develop these exchanges or synergies usually achieve economic,
environmental, and social advantages [3,4]. In practical terms, the firms might benefit from
reduced operational costs [5], fiscal benefits [6,7], new jobs [8], and emissions reduction [9].
The benefits generated by the extended practice of this circular business model have led
several authors to suggest that industrial symbiosis is a sustainable business model [10,11]
since many of these benefits are associated with the triple button of sustainability.

Liideke-Freund [10] suggest that sustainable business models are models that “create
competitive advantage through superior customer value and contribute to a sustainable
development of the company and society”. In this sense, for a business model to be consid-
ered sustainable, it must promote a significant proposition, including positive effects for
the society and the environment in addition to the economic value for the companies [12].

In 2012, the OECD considers IS as an innovative business model, since this business
presents a value proposition in economic, social/culture and environmental pillars [13].
The European Commission has also referred in various studies that the extended IS imple-
mentation will be essential to boost resource use and production efficiency [14]. Moreover,
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dedicated specific programs for research and innovation have appeared on this subject, for
instance, the SPIRE programme [15]. From a strategic perspective, the European Resource
Efficiency Flagship suggests that IS’s potential role in boosting efficient and sustainable
production is further supported and its benefits are clearly recognized and highlighted [16].
From an academic perspective M. Yang et al. [17], also point out that industrial symbiosis
is a business model with higher sustainability attributes. Bocken et al. [11] in their work
identified that industrial symbiosis is framed as a sustainable business model of the “create
value from waste” archetype [11].

In this sense, if Industrial Symbiosis is a sustainable business model, it should have
a relevant contribution to the achievement of SDGs. Several authors have created a solid
base to understand how CE contributes to SDGs [18]. Nevertheless, in the case of IS there
is a limited number of contributions in understanding how IS will collaborate to achieve
the SDGs. The aim of this study is to contribute to the understanding of IS implementation
within the scope of the achievement of SDGs. For this purpose two research questions were
defined: What is the relevance and IS contribution for the achievement of SDGs? and, what
are the critical areas of IS contribution within the scope of SDGs?

2. Sustainable Development, SDGs and Industrial Symbiosis

The United Nations Member States approved the Sustainable Development Goals
(SDGs) in 2015, as a universal call to eradicate poverty, safeguard the environment, and
ensure peace and prosperity for all by 2030 [19]. In general, the SDGs promote human
dignity and prosperity while safeguarding the earth’s vital biophysical processes and
ecosystem services.The SDGs in a broader perspective recognizes that resolving poverty and
inequality requires measures that support long-term economic growth, peace, and justice,
but also address basic social needs (for instance education, health, and job opportunities),
while simultaneously addressing climate change issues and improving environmental
protection [20].

Diverse studies have been developed from the perspective of relating the role of
industrial symbiosis, SDGs, and sustainable development [18,21,22]. Perhaps one of the
most relevant contributions on this topic is a part of the work promoted by Schroeder
et al. [18]. Within the context of SDGs achievement, this study recognised a group of
potential IS contributions.The authors suggest a clear link between IS implementation and
potential contribution for the SDG 3 (Good health and well-being) in target 3.9, SDG 6
(Clean water and sanitation) in target 6.3, SDG 8 (Decent work and economic growth)
in target 8.2, SDG 9 (Industry, innovation, and infrastructure) in target 9.4, and SDG
12 (Responsible production and consumption) in target 12.4. With a different approach
Cecchin et al. [23], developed a study focused in contextualize the Circular Economy and
Industrial Symbiosis, through the lens of the current debate on Sustainable Development,
highlighting the potential contributions of Industrial Symbiosis and Circular Economy to
the path towards a more sustainable society. The authors suggest that the implementation of
industrial symbiosis has an important contribution in promoting sustainable development,
namely through the promotion of resource efficiency models in industries that generate a
reduction in operational costs, increase competitiveness and generate social benefits [23].

Another relevant contribution to this topic was made by Li Shi [21], which promotes a
theoretical assessment of the contribution of Industrial Symbiosis and Clean Energy. From
an applied perspective, Roetman within the scope of the European FISSAC Project [24],
developed a study that suggests that symbiotic initiatives will have relevance in SDG 6
(Clean Water and Sanitation), SDG 7 (Affordable and Clean Energy), SDG 8 (Decent Work
and Economic Growth), SDG 12 (Responsible Consumption and Production), and SDG 15
(Life on Land). This study also suggests that Industrial Symbiosis might be relevant for
SDG 16 (Peace, justice, and strong institutions) and SDG 17 (Partnerships for the goals).

In general terms, most of these studies indicate that the IS has an important contribu-
tion to the achievement of SDG 6, 7, 8, 12, and 15.
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3. Research Methodology

This research is based on dedicated review literature and matching exercise with the
main objective of identifying references and cases that would allow us to bridge the IS
implementation and the SDGs achievement.

An analytical technique consisting of the following steps was used to process the
information:

3.1. Step 1: Gathering Information and Literature Review

The primary source of information for the characterization was grounded on scientific
peer-reviewed articles which were identified through a search in the database of Science
Direct, Scopus, Google Scholar, Web of Science, and internet search engine machine. In
this search, the main keyword “Industrial Symbiosis” was used in combination with other
keywords/terms to conduct this search in the databases. This search led to the identification
of a group of peer-reviewed articles. Nonetheless, other references such as grey literature,
and non-scientific publications were also considered. Figure 1 presents the keywords and
the logic followed in this procedure.

Search logic and Set of keywords

1) Industrial Symbiosis + SDG Number

2) Industrial Symbiosis + SDG Name

3) Industrial Symbiosis + Target achievement
4) Industrial Symbiosis + Associated indicator

Figure 1. Logic and Set of keywords used in the research.

3.2. Step 2: Screening of Data

The second step was to perform a data screening that was achieved through a the-
matic/content analysis of papers to identify the relevant references. In this phase, the
articles initially selected pass through a critically reading process. The references related to
IS and its contribution to SDGs achievement were selected, and the non-relevant articles
were discarded.

3.3. Step 3: Matching Exercise

The methodology described by Schroeder et al. [18], is used in this study’s matching
exercise. However, in our study it was applied exclusively within the scope of the IS
and their contribution for SDGs, while Schroeder has a broader perspective to the whole
concept of CE and all its models. In practical terms, this exercise allows to identify the
relationship between IS implementation and SDG targets, showing that IS implementation
will potentially contribute to the achievement of a large number of SDG targets. For the
matching exercise, the same start-stop rule proposed by Schroeder et al. [18] was also
considered: the start rule was to identify an SDG target to which the IS practice could
offer a contribution, regardless of the contribution level; the searching stops once the
contribution was identified. This characterization was then performed throughout all 169
targets aiming to allocate the specific IS practices and literature references to the individual
targets. After the SDG practices were allocated, the type and level of the contribution that
IS implementation could potentially have to the SDGs was assessed.

The level of contribution in this study is obtained through a relationship assessment,
by means of a simple relationship assessment grid consisting of four categories: Weak or
no link (0); Direct/strong contribution of IS for the SDG (1); Indirect contribution; (2) and
Progress on IS practices supports the uptake of the target (3) [18].
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4. Results

For the purpose of visualizing the results, the SDGs, targets, and IS contribution levels
are represented on a matrix basis. This heat diagram allows the visualization of the SDGs
targets by IS contribution relevance. On this matter, the dark green displays the target where
IS has the greatest contribution in its achievement ranging in colour degraded until light
green, which represents those with the lowest contribution. Also, the yellow represents
those targets where IS has no contribution in their achievement. The heat diagram for the
matching exercise and target identification is shown in Figure 2.

SDG 1|SDG 2|SDG 3|SDG 4|SDG 5|SDG 6| SDG 7| SDG 8| SDG 9

SDG 10|SDG 11|SDG 12|SDG 13[SDG 14|SDG 15|SDG 16|SDG 17|

T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11

INo link

Direct contribution

Indirect contribution

Progress on IS practices supports uptake of target

Figure 2. Heat diagram for the matching exercise and target identification.

Concerning the IS contribution in an individual perspective of SDGs, our study
identified that the extended Industrial Symbiosis implementation (Implementation across
industrial sectors in a national or regional perspective) might contribute to the achievement
of the scope of 8 SDGs. In SDG 3 (Good health and well-being), where IS will have an
achieving target contribution through target 3.9, by the means of reducing the emissions of
GHG [25] and water pollution [26,27].

In SDG 6 (Clean water and sanitation), IS will play a relevant role since the eco-
industrial park perspective promotes the efficient use of water resources. Several eco-
industrial parks have symbiosis-based models to optimize the wastewater treatment system
in industrial parks [28].

Concerning SDG 7 (Affordable and clean energy), IS will have a specific contribution
through target 7.3 (double the global rate of improvement in energy efficiency), since the
energy-based industrial symbiosis perspective is recognized as an effective strategy to
reduce the use of traditional fuels in energy production. For instance, in the Chinese iron
and steel sector, energy consumption could be reduced up to 6% due to energy-based
IS synergies of the total energy consumption [29]. Some authors support that IS plays
an important role in increasing the renewals energies in the energy mix (eco-industrial
parks) [30].

In SDG 8 (Decent work and economic growth), the contribution of IS is represented
in target 8.1 (per capita economic growth), target 8.2 (Annual growth rate of real GDP
per capita/per employed), and target 8.4 (Material footprint per capita). In this SDG, the
studies directed to a regional level have helped to verify the connection between industrial
symbiosis and the scope of this goal. For instance, the study promoted by Johnsen et al. [8]
addressing the IS implementation in the Nordic countries has shown the importance of this
business model for green growth in this region. Another important contribution in this
matter was a study performed in the regions of Andalusia and Extremadura in Spain [31]. In
this study, the eco innovation and extended implementation of innovative business models,
such as IS, have contributed to place those regions in the top of the European rankings.
In particular, by the impacts in some economic performance indicators such as Material
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productivity (GDP/Domestic Material Consumption), Water productivity (GDP/Water
Footprint), and Energy productivity (GDP/gross inland energy consumption), which have
been considerably improved.

For SDG 9 (Industry, Innovation, and Infrastructure), IS has a contribution through
target 9.2 (Promote inclusive and sustainable industrialization), target 9.4 (upgrade infras-
tructure and retrofit industries to make them sustainable) and, target 9.5 (Enhance scientific
research). Promoting inclusive and sustainable industrialization (target 9.2) has demon-
strated the potential of IS in creating new businesses and jobs [8]. Upgrade infrastructure
(target 9.4) to implement industrial symbiosis can benefit all parties involved and contribute
significantly to sustainable growth and greenhouse gas reduction (GHG), especially in
energy-intensive sectors such as the cement sector [32]. Regarding the enhanced scientific
research (target 9.5), several studies point out that in order to achieve an effective imple-
mentation of the industrial symbiosis it is fundamental to promote research in industry,
designed to solve real-world problems and generate insights with direct high utility for
business practices [33].

The SDG 12 (Responsible consumption and production) is the SDG with the highest
representation in the context of industrial symbiosis, as IS will have a direct and indirect
contribution to the 8 targets of this SDG. In particular, a direct contribution of IS for the
target 12.1 (Programmes on Sustainable Consumption and Production Patterns [8]), target
12.3 (halve per capita global food waste at the retail and consumer levels [25]) and target
12.7 (Promote public procurement practice [34]). For the rest of the targets, there is an
indirect contribution.

In SDG 13 (Climate Action), IS plays an important role in the achievement of target 13.3
(integrate climate change measures into national policies, strategies, and planning) because
national /supranational plans and strategies in the last 10 years have been established,
by policies of national and European institutions that effectively promote sustainable
growth and IS implementation. At the European level, the Action Plan for the Circular
Economy [35] and the European Green Deal [36] are two examples in this context. Another
critical aspect of contribution is associated with target 13.3 (Improve education, awareness-
raising, and human and institutional capacity on climate change mitigation), IS will help to
reach this target, even, it is very focused on institutional education perspective (Increase
awareness in businesses) [37,38].

Lastly, in SDG 15 (Life on land), in which the IS extended implementation will con-
tribute in the achievement of two targets related to the restoration and sustainable use of
terrestrial and combat desertification (Targets 15.1 and 15.2) since the long-term implemen-
tation of this business model reduces the pressure on ecosystems by the means of reduction
of resources consumption (virgin raw materials, water, and energy) [5,26].

Regarding SDG 1, 2, 4, 5, 10, 11, 14, 16, and 17 no published data were found that
validated the relationship between the IS implementation and the achievement of those
goals. From the 164 targets proposed by the UN in the SDGs, our study suggests that there
is some type of contribution in the achievement of 22 targets. For most of these targets there
is an indirect contribution. Also, there are a total of 8 targets where the IS implementation
will have a direct contribution. Lastly, with a lower representation, 5 targets were identified
in which the Industrial Symbiosis will tangentially contribute to their achievement.

5. Results Discussion

Regarding the first question, which concerns the relevance of IS for the achievement of
SDGs, our study suggests that IS does not fully cover all aspects of SDGs and sustainable
development. Nevertheless, the extended implementation of this business model, (Imple-
mentation across industrial sectors in a national or regional perspective), has a significant
degree of relevance for a considerable group of SDGs and indirectly helps to reach various
targets.

Concerning the second research question, critical areas of IS contribution, our study
suggests that IS will have an important contribution to the economic and environmental
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pillars of SD. Nevertheless, according to our analysis IS still lack of assessed impact on the
social pillar, having slight or no direct contribution in fundamental aspects such as good
health and well-being, no poverty, and zero hunger. Most of the contributions of IS are
focused on the economic and environmental pillars, there is an extensive theoretical and
practical background where various cases have allowed a quantitative characterization of
IS contribution, most of them in a regional or local perspective. In concerning the economic
pillar, it is inferred that IS has an important participation in aspects related to Green growth,
promotion of sustainable production, and consumption. Regarding the environmental
pillar, most of the benefits and contributions are associated with the reduction of emissions,
increase of the resources efficiency (virgin raw materials, water, and energy), and reduction
of carbon and material footprint.

Comparing this research to other approaches, there is a group of SDGs that have
been suggested as relevant in other studies and have also been identified in this work,
reinforcing the importance of the practice of IS on those SDGs.Namely, SDG 6 (Clean water
and sanitation), SDG 9 (Industry, Innovation, and Infrastructure) and, SDG 12 (Responsible
consumption and production). Nevertheless, there are also some important differences
with previous studies, for instance, Schroeder et al. [18] suggest that the contribution of
symbiosis is focused on the SDGs 3, 6, 8, 9,and 12. Our analysis shows that there are also
important contributions in SDG 7, 13, and 15, as presented in the results section. The study
proposed by Roetman in the FISSAC Project [24], suggests that IS implementation might be
relevant to SDG 16 (Peace, justice, and strong institutions) and SDG 17 (Partnerships for
the goals). However, within the scope and the analysed criteria of our study, there were no
identified references, evidence or cases that support this statement.

6. Conclusions

This study has systematically reviewed the contribution of Industrial Symbiosis in
the achievement of SDGs through a literature review and an applied matching exercise.
The main outputs of this study are a detailed analysis of the IS contribution and the critical
areas of IS contribution in SDGs achievement. The results of this study suggest that the
extended IS implementation might contribute to the achievement of 8 SDGs and 22 targets.
In general terms, our analysis suggests that the extended IS implementation has a direct
contribution to achieve the SDG 6 (Clean Water and Sanitation), SDG 7 (Affordable and
Clean Energy), SDG 8 (Decent Work and Economic Growth), SDG 9 (Industry, innovation,
and infrastructure) SDG 12 (Responsible Consumption, and Production). On the other
hand, IS will also have an indirect contribution to SDG 3 (Good health and well-being),
SDG 13 (Climate action), and SDG 15 (Life on Land).

The present study presents an empirical approach based on research methods such
as literature review, therefore the corresponding contribution proposed can be considered
as a theoretical contribution. A potential area for future developments and studies would
be associated with the validation with quantitative data in order to strengthen the actual
results and its outcomes.

Funding: This work was supported by the European Union’s Horizon 2020 research and innovation
programme through the TRUST project (grant agreement No 810764).
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