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Abstract 

Industrial Symbiosis (IS) is a business-focused collaborative approach oriented 

towards resource efficiency that has been theorised and studied mainly over the last 

twenty-five years. Recently, IS seems to have found a renewed impetus in the 

framework of the Circular Economy (CE), a novel approach to sustainability and 
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Raggi, A. and Cutaia, L. (Eds) Industrial symbiosis for the circular economy: Op-
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Sustainable Development (SD) that has been rapidly gaining momentum world-

wide. This opening chapter of the book provides an introduction to the concepts of 

IS, CE and SD, and summarizes their complex evolutionary paths, recalling the rel-

evant developments and implementation challenges. In addition, the authors point 

out the divergences and interrelations of these concepts, both among themselves 

and with other related concepts and research fields, such as industrial ecology, eco-

logical modernization and the green economy. Furthermore, the potential contribu-

tion of IS and the CE to SD is briefly discussed, also highlighting critical issues and 

trade-offs, as well as gaps in research and application, especially relating to the so-

cial component of sustainability. Particular attention is given to the potential role of 

IS in the achievement of targets connected to the Sustainable Development Goals 

set in the UN Agenda 2030. The recent advances in the IS and CE discussion in the 

context of the SD research community are further explored, with particular empha-

sis on the contribution of the International Sustainable Development Research So-

ciety (ISDRS) and its 24th annual conference organised in Messina, Italy, in 2018. 

The programme of that conference, indeed, included specific tracks on the above-

mentioned themes, the contents of which are briefly commented on here, after an 

overview on the whole conference and the main cross-cutting concepts emerged. In 

the last part of the chapter, a brief description of the chapters collected in the book 

is presented. These contributions describe and discuss theoretical frameworks, 

methodological approaches and/or experiences and case studies where IS and the 

principles of CE are applied in different geographical context and at different scales 

to ultimately improve the sustainability of the current production patterns. 

 

Keywords: Industrial Symbiosis, Circular Economy, Sustainable Development, 

Sustainable Development Goals, Sustainability, Industrial Ecology, Green Econ-

omy, Ecological Modernisation. 

1.1 Introduction  

A growing interest in sustainability issues and in how to build a resilient and 

sustainable economy can be seen in the content and direction of policy agendas, 

academic research, and company strategies. Whilst the appropriateness and sincer-

ity of individual initiatives can and should be debated, there is little room to doubt 

the prominence of the sustainability discourse from international institutions (e.g., 

UN, EU) albeit with variable national responses. Sustainable development (SD) can 

be seen as the overarching goal of these initiatives. Industrial symbiosis (IS), the 

main focus of this book, is a business focused approach to promoting sustainability 

by recovering residues from one entity for use in another (Chertow 2000). Although 

more than 20 years old by name (and much older in practice), over the last five or 

six years IS has become a sub-field of a new concept, the Circular Economy (CE). 

The term “circular economy” has risen to a swift and remarkable prominence to 
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become one of the most widely applied and researched approaches to the imple-

mentation of SD (Korhonen et al. 2018a; Merli et al. 2018). This chapter explores 

the relationship between these three terms and considers the co-development of pol-

icy and academic approaches.    

The UN-sponsored Brundtland Report (WCED 1987) popularised the term SD, 

providing the definition2 which remains the benchmark for many policy makers and 

scholars. Arguably, what was inspirational about this definition was that it shifted 

the focus of the discussion from “what should not be done to stressing what should 

and can be done” (Mitcham 1995:315). Earlier approaches to incorporating resource 

management and environmental quality into economic considerations included the 

deployment of economic models as rationale for the need to restrain development 

in response to Malthusian concerns for the effects of unrestricted growth (e.g., 

prominently the Club of Rome: Meadows et al. 1972; Mesarovic and Pestel 1974). 

These concerns coincided with pressure from less wealthy countries for a share of 

the benefits of economic growth. Perhaps unsurprisingly, the term that captured the 

imagination of policy makers and academics alike was one that stressed there was 

a positive route to be taken (requiring a balance between the three pillars of envi-

ronment, economy and society). However, although the Brundtland report offers 

numerous suggestions, the term itself is an ideal goal, not a road map. Rather, SD 

quickly became a buzzword (Simon 1989), contributing to deaden the most revolu-

tionary aspects embedded in the core of this novel idea. There are notoriously many 

academic definitions (Bolis et al., 2014). Furthermore, the term is variously used 

(or abused) by policy makers and companies to justify their actions (Eden 2000), 

although arguably a consensus is beginning to emerge (Vermeulen 2018). 

Over the last thirty years the challenges of implementing SD, however under-

stood, have become increasingly apparent. This is indicated by the changing rheto-

ric from the UN, where ambitions are little altered since the first Earth Summit 

1992, but there is increasing awareness of the complexities (see the statements fol-

lowing the 2002 and 2012 Earth Summits). In addition, new terms have been coined 

to promote the implementation and/or the theoretical understanding of SD: Figure 

1.1 provides a schematic summary of the development of such terms. 

 

                                                           

 
2 Development that “meets the needs of the present without compromising the 

ability of future generations to meet their own needs” (WCED, 1987, 8) 
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Fig. 1.1 A schematic representation of the key concept discussed in the chapter organized 

according to a temporal scale to indicate their origin and/or take-up in the literature.  Note 

that all these terms continue in usage to the present day. An indication of the extent to 

which these concepts (as typically applied) cover the three pillars of SD is also provided in 

the figure.  Efforts to research and apply the social aspects of the circular economy are at 

early stages. 

 

 The Rio Summit in 2012 promoted the idea of green growth – i.e., not just that 

economic development should be environmentally benign, but that the environmen-

tal agenda itself can generate growth. A further expectation of the green economy 

is that it should fulfil social sustainability criteria as well as economic and environ-

mental ones. 

The green economy has itself become a major area of academic research (Bailey 

and Caprotti 2014; Loiseau et al. 2016), building on and expanding the academic 

concept of Ecological Modernisation (EM). The latter term refers to the potential 

(to some extent observed) for innovations to bring simultaneously economic and 

environmental benefits (Jänicke et al. 1989; Hajer 1995; Gouldson and Murphey 

1998). Thus, regulatory implementation of environmental measures opens eco-

nomic opportunities as well as potentially increasing costs. Social issues are most 

typically not considered, or it is assumed that social and economic benefits come 

together. EM became a substantial area of academic debate (Mol and Sonnenfeld 

2000), but although arguably EM is the hallmark of EU environmental policy, the 

EU itself refers to its aims as SD (Baker 2007). Both these terms fell a little out of 

favour, however, driven perhaps by the need of academics to say something new in 

a world where the issues are depressingly familiar. But SD has once again received 

a major boost as a subject for academic research3 as a result of an intervention by 

the UN. Following the mixed success of the Millennium Development Goals, the 

                                                           

 
3 This is not to miss the large volume of research relating to issues that come 

under the heading of SD, such as environmental management, or sustainability tran-

sitions. 
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debates around and announcement of the Sustainable Development Goals (SDG 

2015) has put the SD firmly back on the academic agenda. The SDGs themselves 

are subject for debate (e.g., Spaiser et al. 2017), as well as providing a holistic 

framework for the myriad activities covered by the targets underlying the goals. 

The CE concept follows a similar evolutionary path to SD, but at a faster pace. 

The CE is an approach to resource efficiency using design of products, processes 

and infrastructure to maximise the economic benefit from resources by keeping 

them in circulation and avoiding residues leaking into the environment. It is not, to 

a large extent, a new idea. The roots of the concept can be traced to prior concepts 

and fields of study including not just IS (itself a sub-field of industrial ecology), but 

also cradle to cradle, regenerative design, cleaner production, life cycle manage-

ment, ecological economics, performance economy, zero waste management (EMF 

2013; Geissdoerfer et al. 2016; Reike et al. 2018; Korhonen et al. 2018b). However, 

the formalisation and subsequent popularisation of the CE, has rapidly outstripped 

that of any of the contributory concepts. 

The crucial contribution of the policy making sphere to the rise of the CE has 

had a significant impact on the academic world as well, which has rapidly attempted 

to fill the apparent knowledge gap and create some specific theoretical and operative 

frameworks to support the decision-makers’ work. Policy activity provides an ob-

ject for study for academics, who are increasingly under pressure to show not just 

policy relevance, but effect (Deutz and Ioppolo, 2015). Such influence of policy on 

academic activity becomes quickly evident by cross-checking the key milestones of 

the CE regulation with the scientific production on CE. China introduced the con-

cept of CE in 2002, but only in 2009 the “Circular Economy Promotion Law” took 

effect and was incorporated in the 11th (2006-2010) and 12th (2011-2015) five-year 

plans for National Economic and Social Development (McDowall et al. 2017; Mur-

ray et al. 2017). However, the Chinese use of the term CE is essentially as an equiv-

alent to industrial ecology (Yuan et al. 2006); the explosion in academic and policy 

interest outside of China has followed the adoption of a more broadly defined con-

cept by the EU. In 2015, the European Commission launched its ambitious initiative 

“Closing the loop: An EU Action Plan for the Circular Economy Package” (Euro-

pean Commission 2015), which was fully completed in 2019 by identifying and, to 

some extent, implementing 54 measures aimed at achieving a CE within the Euro-

pean Union (European Commission 2019). Lieder and Rashid (2016) conducted a 

literature review on CE considering the major contributory fields and geographical 

focus of research. They found that the number of publications in the field started 

growing at an almost regular pace since 2009 (also confirmed by Geissdoerfer et al. 

2016), and that in the period of 2005-2015 the predominant geographical focus was 

China, while European research started showing a significant increase from 2015 

(Geissdoerfer et al. 2016). Furthermore, the breadth of the concept has attracted not 

just those involved in the component fields, but other diverse social science back-

grounds (e.g., Hobson 2016). 

One of the strongest criticisms of the concept of SD is that it has not aimed at 

creating a clear alternative to the dominant development strategies. Rather it has 
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provided a generic adjustment in order to include social and environmental aspects 

in the established models, without setting clear criteria and paths (Du Pisani 2007). 

CE seems to provide a better-defined alternative model to the current pattern of 

production and consumption, at least from a theoretical viewpoint. It proposes a 

radical shift from the dominant linear model (take-make-use-dispose) to a cyclical 

and restorative model (EMF 2013; WRAP 2019). Therefore, building a CE entails 

the adoption of a systemic approach in designing, planning and managing produc-

tion and consumption systems, with the purpose of using resources (materials, en-

ergy, water) the longest time possible within the system itself, and minimising the 

need for raw materials and non-renewable resources. This is the reason why CE has 

the potential of becoming an effective operative strategy to pursue a SD. CE can 

identify and build a path to reach sustainability, a key element that the core concept 

of SD has never clearly outlined (Sauvé et al. 2016). 

This reasoning, however, also applies to the precursor concepts of CE. Industrial 

ecology (IE) draws on a metaphor with ecosystems, asserting that taking lessons 

from nature can make economic systems more energy and material efficient (‘life 

cycle’ thinking, system scale optimisation, conceptualising material recovery as the 

closing of loops) (Tibbs 1991; Ayres and Ayres,1996). IS is a prominent sub-field 

of IE which focuses on the closing of pre-consumer (i.e., industrial) loops by cap-

turing the residues from one entity as the inputs for another (e.g., Chertow 2000). 

Both can be seen as forms of EM (innovation with economic and environmental 

benefits), and promoting aspects of SD (Deutz 2009). But whereas the broad defi-

nition of SD implies the possibility of maintaining the present economic system (but 

more benign socially and environmentally), and EM suggests financial advantage 

(at least to some), IE and IS have a specific set of actions attached (Deutz 2009). IS, 

part of the family of IE activity, was taken up at first largely by engineers as offering 

a solution to problems of industrial waste. Other works subsequently began to con-

sider the economic, regulatory barriers to IS. This combination of political accept-

ability, economic desirability and deceptively simple technological requirements 

led to a large body of academic research and widespread policy interest in IS, which 

fed off each other. The UK government’s support for the National Industrial Sym-

biosis Programme (2005-2012), which inspired implementation efforts abroad 

(Wang et al. 2015) as well as research (Jensen et al. 2011; Paquin and Howard-

Grenville 2012).  

However, the terms IE and IS never captured the policy, public or academic in-

terest in the way that the CE already has. This may partially lie in the efforts of the 

Ellen MacArthur Foundation to promote the CE, backed by an extraordinary array 

of corporate sponsors. Although purely speculative, the terms “ecology” and “sym-

biosis” may be more off-putting to non-academic audiences than “economy”, 

though hardly more difficult to understand. Potentially, the far broader nature of the 

term “CE” enables a preoccupation with recovery, rather than emphasis on less pos-

itive sounding waste, and also offers the tantalising prospect that with the aid of 

design we can avoid resource/pollution problems altogether. In addition, the ad-
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vantages of IS in terms of providing a specific route to SD proved difficult to ac-

complish, requiring high levels of collaboration, information exchange and a tech-

nical match between the inputs and outputs of diverse organisations (Deutz and 

Gibbs 2008). Building a CE likewise means introducing innovative patterns of in-

teractions between actors based on cooperation and sharing mechanisms (Korhonen 

et al. 2018a). It remains to be seen whether the greater policy drive and present 

enthusiasm for CE is sufficient to overcome such challenges; potentially other CE 

options require less specific collaboration than IS. For now CE is perhaps the ulti-

mate SD concept, incorporating optimism, potential economic gain, and such a wide 

variety of potential actions that for academics and other stakeholders alike there is 

something for almost everyone, whilst avoiding too much scrutiny on any one op-

tion. 

1.2 Bridging Circular Economy and Sustainable Development  

In line with SD, CE aims at generating an overall system shift towards a more 

responsible and efficient way of managing natural and technological resources. 

However, although it would appear that the CE offers approaches to development 

that would meet the criteria of SD (at least allowing economic activity that is argu-

ably less material and energy intensive than non-circular alternatives), the concep-

tual relationship between CE and SD remains unclear (Geissdoerfer et al. 2017). In 

the terms discussed herein, it remains a matter of debate to what extent the CE is 

seen as an EM concept as opposed to a green economy concept – i.e., essentially, 

does it incorporate social aspects of sustainability? Social benefits for the CE have 

been proposed, but are untested (Millar et al., 2019). 

Surprisingly, or perhaps resulting from the lacking of a historical perspective, 

many scholars and policymakers overlook the link between CE and SD. The EMF’s 

list of CE principles in their guide for CE implementation (2015) does not include 

a social principle. In their analysis of 114 definitions of CE in peer-reviewed and 

other works, Kirchherr and colleagues (2017) could establish an explicit connection 

between the CE and the notion of SD in only 12% of the definitions, while 13% 

mentioned all three components (environmental, social and economic) commonly 

associated to SD. The most common element between the 114 definitions was re-

source efficiency, which fits the widely perceived origins of CE in concepts which 

do explicitly relate to that, such IE. A question arises, though: do we really need a 

precise definition of CE? Blomsma and Brennan (2017) conceptualized CE as an 

umbrella concept, namely a broad concept that is used loosely to encompass previ-

ously unrelated concepts by focusing on their shared characteristics (Blomsma and 

Brennan 2017; Hirsch and Levin 1999). This approach may help protect the ideas 

that fed into CE, and avoid the term becoming either deeply contested or so broad 

that it is simply a synonym for SD. 
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However, as has been pointed out previously, the CE’s area of interest is the 

production and consumption system, which is a relevant part of our current model 

of development but not the whole picture. In contrast to EM approaches, though, 

there are elements of degrowth in CE strategies (Schroder et al. 2019). Approaches 

to circularity like repair and reuse, or sharing practices, will not only keep them out 

of the waste stream, but would be expected to also reduce demand for new goods. 

The employment implications of that are uncertain, though there will likely be ge-

ographic consequences as the centres of manufacturing are offset from the loci of 

affluent western consumers who tend to be the target of degrowth visions. Whether 

their poorer neighbours are content with repaired cast offs also remains to be seen. 

The “CE era” is still at its early stages, and multiple issues and trade-offs related 

to spatial, temporal and scale impacts of applying the CE’s principles to the current 

production and consumption patterns have not been yet extensively explored. There 

are still multiple potential “unintended consequences”, while implementing a CE, 

that need to be properly addressed (Murray et al. 2017). For instance, boosting a 

CE-oriented market in a given region can generate negative socioeconomic and en-

vironmental impacts in a different geographical context. Such issues can to an ex-

tent be addressed, or at least monitored, by the life cycle assessment tools. These 

need to be refined to be suited to the principles of the CE, including the considera-

tion of social aspects (Niero et al. 2016; Kalmykova et al. 2018). However, there 

may be limited opportunities for those measuring life cycle impacts to influence the 

geographic outcome of economic activity. Such wider social/geographic and devel-

opment issues have been discussed with respect to industrial ecology (Deutz et al. 

2015), and apply equally to the CE. A notorious example is related to some unsus-

tainable dynamics of global supply chains, such as the flow of some types of waste 

from developed to developing countries, shifting the environmental burden of a 

product life cycle outside the main market, while eventually receiving the final ben-

efit of the recovering process (e.g. recycled raw materials). It is worthwhile noting 

that this conflictual dynamics at global scale is still a key problem in the broader 

field of SD, in particular when dealing with relations between developed and devel-

oping countries. Thus, identifying CE strategies that are able to responsibly address 

spatial and multiscale interactions would greatly contribute to SD at the global scale 

as well. 

1.3  The contribution of Industrial Symbiosis to the Sustainable 

Development Goals 

As mentioned, IS is a strategy for recovering pre-consumer residues for use by 

another entity. Although the concept of IS originated and developed within the field 

of IE, it has from the early CE literature been recognised as essential element of the 

CE (Saavedra et al. 2018), which is particularly apparent in the Chinese literature 

(Yuan et al., 2006; Wen et al., 2018). The whole CE scholar community - in an 
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explicit or implicit way - acknowledges the key role of IS in shaping and imple-

menting the concept of CE (among others: Ghisellini et al. 2015; Lieder and Rashid 

2016; Murray et al. 2017; Korhonen et al. 2018a; Merli et al. 2018; Baldassarre et 

al. 2019), and so too the policymakers (Su et al. 2013; WEF 2014; European Com-

mission 2015; McDowall et al. 2017). Indeed, IS provides the definition of what 

can be considered the meso-level perspective of circularity4. Geographically, IS is 

often seen as a local to regional scale initiative, though in practice loop closing may 

occur at any scale up to global (Lyons, 2007).   

The potential of IS in the promotion of SD can be seen fairly clearly as promoting 

resource efficiency (material, energy, water) for industry, which has been argued to 

generate cost savings, with increased competitiveness and consequent potential for 

social benefits (primarily envisaged as job-related) (Dunn and Steinemann, 1998). 

In a recent publication, Schroeder and colleagues (2019) identified a list of potential 

contributions of IS to the UN SDGs (United Nations 2015). More specifically, the 

authors found a strong association between IS and SDG 3 “Good health and well-

being” (Target 3.9), SDG 6 “Clean water and sanitation” (Target 6.3), SDG 8 “De-

cent work and economic growth” (Target 8.2), SDG 9 “Industry, innovation and 

infrastructure” (Target 9.4), and SDG 12 “Responsible production and consump-

tion” (Target 12.4). Based on the collection of works presented in this book, it is the 

authors' opinion that IS can contribute to achieving even more SDG’s Targets - in 

particular within the SDG 9 and 12 - and further SDGs as well. Table 1 summarises 

the potential contributions of IS to the United Nations SDGs, and identify some case 

studies in the book that can provide an example of such contribution. 

 

 

 

 

 

 

 

                                                           

 
4 Many authors (such as: Yuan et al. 2006; Geng et al. 2012; Linder et al. 2017) pointed 

out that there are three perspectives in the implementation of CE strategies: 

- the macro level perspective aims to adjust the global and/or national economy struc-

ture promoting sustainable production and consumption activities through efforts in 

designing and implementing proper public policies; 

- the meso level perspective refers to closing resource loops mainly developing indus-

trial symbiosis initiatives and eco-industrial parks; 

- the micro level perspective focuses on products, companies and consumers. 

Some authors identify a fourth level of circularity (e.g.: Saidani et al. 2017; WBCSD 

2018), the nano level, proposing it as the lowest level of analysis possible referred to products 

and components, while at the micro level refers to companies and consumers. 
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Table 1.1. IS potential contribution to the United Nations SDGs (Source: United Nations 2015, 

authors’ elaboration). Table lists relevant SDGs and most pertinent targets; the listed chapter(s) 

provide examples of aspects of IS which could provide support towards meeting the target accord-

ing to the editors’ interpretation, 

 

Sustainable Devel-

opment Goal 
Specific Target* 

Reference in book 

chapters**  

SDG 2  

End hunger, 

achieve food secu-

rity and improved 

nutrition and pro-

mote sustainable 

agriculture 

2.4 By 2030, ensure sustainable food production 

systems and implement resilient agricultural prac-

tices that increase productivity and production, that 

help maintain ecosystems, that strengthen capacity 

for adaptation to climate change, extreme weather, 

drought, flooding and other disasters and that pro-

gressively improve land and soil quality 

Chapter 12 

SDG 3 

Ensure healthy 

lives and promote 

well-being for all at 

all ages 

3.9 By 2030, substantially reduce the number of 

deaths and illnesses from hazardous chemicals and 

air, water and soil pollution and contamination 

All chapters (as in-

direct effect of re-

ducing waste gen-

eration through IS) 

SDG 6 

Ensure availability 

and sustainable 

management of wa-

ter and sanitation 

for all 

6.4 By 2030, substantially increase water-use effi-

ciency across all sectors and ensure sustainable 

withdrawals and supply of freshwater to address 

water scarcity and substantially reduce the number 

of people suffering from water scarcity  

Chapters 2, 3, 7, 

11, 12 

SDG 7 

Ensure access to 

affordable, reliable, 

sustainable and 

modern energy for 

all 

7.2 Increase substantially the share of renewable en-

ergy in the global energy mix by 2030 
Chapters 11, 12 

7.3 By 2030, double the global rate of improvement 

in energy efficiency 

Chapters 2, 3, 7, 9, 

10 

SDG 8 

Promote sustained, 

inclusive and sus-

tainable economic 

growth, full and 

productive employ-

ment and decent 

work for all 

8.2 Achieve higher levels of economic productivity 

through diversification, technological upgrading 

and innovation, including through a focus on high-

value added and labour-intensive sectors 

All chapters (IS can 

improve productiv-

ity by avoiding or 

limiting waste gen-

eration, and intro-

duce innovative 

processes and tech-

nologies) 

8.4 Improve progressively, through 2030, global re-

source efficiency in consumption and production 

and endeavour to decouple economic growth from 

environmental degradation, in accordance with the 

All chapters (as in-

direct effect of re-

ducing waste gen-

eration through IS) 
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10-year framework of programmes on sustainable 

consumption and production, with developed coun-

tries taking the lead  

SDG 9 

Build resilient in-

frastructure, pro-

mote inclusive and 

sustainable indus-

trialization and fos-

ter innovation 

9.2 Promote inclusive and sustainable industrializa-

tion and, by 2030, significantly raise industry’s 

share of employment and gross domestic product, 

in line with national circumstances, and double its 

share in least developed countries 

Chapters 6, 12 

 

9.3 Increase the access of small-scale industrial and 

other enterprises, in particular in developing coun-

tries, to financial services, including affordable 

credit, and their integration into value chains and 

markets 

Chapters 6, 12 

9.4 By 2030, upgrade infrastructure and retrofit in-

dustries to make them sustainable, with increased 

resource-use efficiency and greater adoption of 

clean and environmentally sound technologies and 

industrial processes, with all countries taking action 

in accordance with their respective capabilities  

All chapters (IS 

contributes to make 

industrial processes 

more sustainable by 

improving waste 

management prac-

tices) 

9B Support domestic technology development, re-

search and innovation in developing countries, in-

cluding by ensuring a conducive policy environ-

ment for, inter alia, industrial diversification and 

value addition to commodities  

Chapters 6, 7, 12 

SDG 12 

Ensure sustainable 

consumption and 

production patterns 

12.2 By 2030, achieve the sustainable management 

and efficient use of natural resources  

All chapters (IS fos-

ter the use of waste 

as raw material) 

12.3 By 2030, halve per capita global food waste at 

the retail and consumer levels and reduce food 

losses along production and supply chains, includ-

ing post-harvest losses 

Chapters 8, 11, 12 

12.4 By 2020, achieve the environmentally sound 

management of chemicals and all wastes through-

out their life cycle, in accordance with agreed inter-

national frameworks, and significantly reduce their 

release to air, water and soil in order to minimize 

their adverse impacts on human health and the en-

vironment 

All chapters (IS 

aims at reducing 

the generation of 

waste and related 

environmental im-

pacts) 

12.5 By 2030, substantially reduce waste generation 

through prevention, reduction, recycling and reuse 

All chapters (main 

goal of IS) 

* Underline added by authors. The extent of the potential contribution of IS to meet the SDG 

Targets can vary, from a very limited impact (e.g. Targets 7.2 and 7.3) to a more significant con-

tribution (e.g. Targets 12.4 and 12.5).  

** Selection of case studies discussed in the book that can provide an example of IS contribution 

to a specific SDG target  
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A major aim of this text is to further the understanding of the interrelationships 

between SD, CE and IS in order to promote their further development. By present-

ing eleven research papers in the field of IS, this book aims at exploring the role of 

IS as a tool to implement the concept of CE and ultimately, in line with what we 

have mentioned above, to give a pragmatic contribution to achieve the ambitious 

targets globally set by the SDGs. This book tackles this by exploring a number of 

case studies where the principles of CE are put into practice, prominently including 

IS, in order to strengthening the role of CE as an effective tool to move towards a 

more sustainable future.   

1.4 Advancing the IS and CE discussion within the SD research 

community: the contribution of the International Sustainable 

Development Research Society (ISDRS) Conferences 

The International Sustainable Development Research Society (ISDRS) is a 

global network of SD professionals that links researchers in academia and imple-

mentation practice from all continents to each other (ISDRS 2019). The ISDRS or-

ganizes annual conferences structured in different theme tracks that incorporate the 

Sustainable Development Goals (SDGs) set in the UN Agenda 2030 (United Na-

tions 2015). During the conferences, the delegates have the opportunity to share 

their researches, approaches and innovative ideas on the concept and practice of 

sustainability, highlighting the multiple challenges in meeting SDGs. Conferences 

are also an occasion to hear about a number of successful initiatives to put SD in 

practice, as well as the barriers, including political, technical and institutional com-

plexities, that still limit a concrete implementation and diffusion of SD practises. 

1.4.1 An overview on the 2018 ISDRS Conference “Actions for a 

Sustainable World: from theory to practice” in Messina (Italy)  

The 24th ISDRS Conference has been held in Messina (Italy) in June 2018. The 

theme of the Conference “Actions for a Sustainable World: from theory to practice” 

aimed to create an open debate with major emphasis on which are the practical and 

effective strategies and solutions to build a sustainable world; how policy-makers, 

scientists and researchers are developing theoretical and methodological frame-

works for SD, and decision-makers, private and public organizations, citizens are 

translating them into real practice. 

From the wide, articulated and often exciting debate that took place during the 

three day-conference (in which almost 400 presentations have been made from 
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scholars and practitioners coming from different countries, and reporting on very 

different experiences) some main cross-cutting concepts emerged from the dia-

logues had in the 3 plenary sessions, 3 poster sessions and 63 parallel sessions. 

The first cross-cutting concept is transdisciplinarity. The emerging field of trans-

disciplinary research has been widely discussed in most of the tracks, with the goal 

of raising critical questions as the forms of knowledge co-production needed to-

wards meeting the 2030 agenda for SD. Transdisciplinary research promises to 

transcend disciplinary boundaries through research collaboration between actors in 

academia, business, government and civil society, usually with a participatory di-

mension, community empowerment, and social learning. There are high expecta-

tions that such collaboration can address deep rooted sustainability challenges. 

However, little work has been carried out in exploring: 1) the tensions and dilemmas 

of transdisciplinary research with actors outside of academia: 2) the practical and 

ethical challenges of realizing such research 'in the field'; and 3) how to conduct 

effectively these empirical research processes and better understand their impact on 

sustainability transitions. Nevertheless, many examples of transdisciplinary meth-

odologies have been reported during the conference, such as, for example, in pro-

jects about education for SD, energy efficiency in urban neighbourhoods, renewable 

energy in rural and remote communities, management of land use and water re-

serves, and anti-corruption initiatives (as corruption is considered one of the issues 

hindering progress towards SD and ultimately the global eradication of poverty). 

The second cross-cutting concept that transversally entered the discussion in all 

of the conference tracks is the relevance of policy and governance in the transition 

towards a sustainable society. Public policies for SD and the diverse forms of gov-

ernance that emerge from markets and civil society have been discussed, ranging 

from local to global scales, implemented in diverse spatial contexts, and applied in 

different sectors: waste management, energy management, water management, mo-

bility, urban planning, food security, industrial development, human rights, poverty, 

and so on. The policy domain has been observed and discussed also from different 

perspectives: a) how academic research can contribute to help policy-makers to 

make better decisions for SD; b) how policy-makers can implement instruments 

which will effectively help businesses eco-innovate and start the transition to SD; 

c) how policy-makers can effectively communicate and spread recommendations to 

help the different stakeholders deal with sustainability challenges. Even if sustain-

ability is a cornerstone of modern policy making and is prominent in the agenda of 

many organizations and governments globally, the various discussions all reiterated 

that pursuing SDGs depends on the existence of strong, well-equipped public net-

work of institutions at local, national and international levels. Creating a more ef-

fective and coherent global governance will be a futile exercise if it is not reflected 

in effective local and national counterparts, strengthening existing institutions and 

creating new bodies in areas where governance gaps exist. Another issue that has 

been pointed out is that policy tools and instruments able to simultaneously under-

stand, analyses and face social, environmental and economic sustainability chal-

lenges, with a holistic view, are still limited.  
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The third cross-cutting concept is multi-dimensionality. The multidimensional 

character of SD is a well-known concept, referring to its economic, social, and en-

vironmental components and the ability to balance them for the benefit of present 

and future generations. Of course, this is a relevant and accepted issue also in the 

UN Agenda 2030 and all conference participants emphasized it by stressing the im-

portance of addressing the different dimensions of sustainability and including them 

in their researches with a system and holistic approach. It was noted however that, 

during the conference, there has been little discussion on practices including the 3 

pillars of sustainability in an integrated perspective. Indeed, a huge number of 

presentations reporting on practical experiences were about the environmental pillar 

of sustainability, in some cases including also the economic dimension, whereas 

social issues, even if object of several presentations, have only been peripherally 

and sporadically analysed with a fully integrated sustainability multidimensional 

perspective. Indeed, the concept of social sustainability is more difficult to analyse, 

comprehend, define, and incorporate into sustainability projects and planning than 

the other dimensions of sustainability. The main challenges and obstacles are rep-

resented by some of its peculiar characteristics that need special attention and ded-

icated tools and methods to be efficiently taken in consideration. These aspects 

could be grouped into two main types of problems: a) social goals are extremely 

ambitious to be achieved, because social welfare, quality of life, social justice, cul-

tural diversity, gender equity, workers’ rights, and so forth, involve finding solu-

tions to very complex problems worldwide, such as hunger, malnutrition, armed 

conflicts, corruption, natural disasters, human trafficking, terrorism, intolerance, 

diseases, and so on; b) there is no standardized and scientifically accepted method 

for measuring social sustainability, as well as it is still unclear how to manage trade-

offs between environmental, economic and social goals, that often may occur into 

sustainability research and practises. 

The fourth cross-cutting element refers to measuring sustainability. In almost all 

the conference tracks emerged that there is a growing need to measure the impact 

of policy and governance initiatives and projects in order to monitor the achieve-

ment of sustainability targets. Different methods and frameworks have been dis-

cussed in detail, with growing consensus that metrics should be able to address the 

different issues impacting SD challenges in a system and life cycle perspective. It 

is interesting to note that about 10% of the contributions presented at the conference 

propose life cycle thinking assessment methods to monitor and assess one of more 

dimensions of sustainability. 

Among the different theme tracks of the conference, two are the ones mainly 

related with the key concepts of this book: “Circular economy, zero waste & inno-

vation” and “Industrial symbiosis, networking and cooperation as part of industrial 

ecology”. A summary of the dialogues had during the conference within these tracks 

is presented in the two following sub-sections. Large part of the manuscripts col-

lected in this book are a selection of the contributions presented in these two tracks. 
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1.4.2 The theme track “Circular economy, zero waste & innovation” 

The Circular Economy and Zero Waste track at Messina covered a wide range 

of topics, reflecting both the predecessor concepts and current formulations of the 

CE concept. Contributions varied from an individual company reporting on its own 

activity to social science studies of sustainability implications of the CE. Topics 

such as IS, waste reduction and waste diversion remain popular, with studies at dif-

ferent geographic scales and focusing on different industrial sectors. Papers explic-

itly tackling CE issues came from the perspective of both SME and multinational 

companies attempting to improve their environmental performance Within the 

range of approaches to loop closing discussed, several papers discussed IS. Some 

considered taking regional bio-economy approaches, e.g., utilising agricultural res-

idues. Material-focused approaches concerned responses to the recovery of new ma-

terials driven by technical research. However, a number of contributions concerned 

the social implications of a CE, including workers’ rights and institutional barriers 

to building a CE. The most popular theme was LCA, reflecting the Italian LCA 

Network conference which preceded ISDRS. Papers included both developments to 

LCA as a method and applications of LCA to specific case studies. Methodological 

discussions included implications of system boundaries (e.g., to consider future im-

pacts), and multi-criteria decision making tools. Applications of LCA included 

prominently ceramic tile design and production, reflecting the economy of the host 

country. These papers indicate the role of collaboration e.g., between industry and 

research, in bringing about sustainable product innovations.  Significantly, more 

traditional approaches to LCA were combined with methods such as surveys and 

interviews to gain insight into behaviour and attitudes. 

1.4.3 The theme track “Industrial symbiosis, networking and 

cooperation as part of industrial ecology” 

The special track on Industrial Symbiosis, networking and cooperation as part of 

industrial ecology at Messina gathered various contributions around the theme of 

IS based on different approaches: from engineering studies on pilot technologies for 

enhancing by-products, going through analyses of multiple case studies of existing 

or potential symbiotic networks (in various territorial contexts), up to social studies 

on the role of policies and business strategies in industrial transitions towards sus-

tainability. 

The spatial scope of the studies was rather diverse, even though mainly focused 

on local areas – e.g., networks of agents co-located in a municipality (e.g., Sotenäs, 

Sweden), industrial districts located in metropolitan areas (e.g., Bologna, Italy; 

Malmö, Sweden) – thus reflecting the significance of the co-localization issue in 

industrial symbiosis. Wider scopes included regional productive systems (Umbria, 
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Italy), up to whole sectors of an economy, such as the European Union’s energy-

intensive industries. One study involved a broad international partnership, with the 

aim of creating a unique network of partners with complementary expertise and 

competences. 

The industrial sectors considered were also wide-ranging: steel industry, agri-

food industry, production of innovative energy biomasses, with some studies con-

sidering numerous firms operating in various industries, thus confirming the mostly 

inter-sectoral nature of IS. 

The subject uniting the various contributions was, obviously, IS - in some cases 

extended to urban symbiosis - associated with other closely related key concepts, 

such as the CE, energy and resource efficiency. Among the topics discussed was 

the need for a transition to decarbonisation. One of the studies stressed the im-

portance of IS as a driver of decarbonisation in energy-intensive sectors, such as the 

steel industry. A popular topic found in various studies, according to a bio-economy 

approach, was bioenergy: specifically, the use of residues and by-products (such as 

nutrients from wastewater or CO2 from biogas upgrading) as inputs for the growing 

of algae to be used as energy biomass. The collective capacity of relevant actors 

(firms, government bodies, knowledge institutions, and others) to engage in collab-

orative action was stressed as a relevant factor in generating symbiotic opportuni-

ties, and the interventions enhancing it were investigated. An aspect common to 

almost all studies was the role of innovation, both technological and organizational, 

as well as new business models, in facilitating the transition towards more sustain-

able systems through integrated and collaborative approaches. 

As regards the methodological discussion, a diversified range of methods were 

used: from socio-economic analyses based on interviews with relevant stakeholders 

to Life Cycle Assessment to quantify potential environmental impacts of symbiotic 

systems or specific technological solutions. 

Starting from an evolution analysis approach and forecasting future develop-

ments, the contributions have highlighted the environmental and socio-economic 

benefits created by symbiotic networks, as well as the drivers facilitating the devel-

opment of such networks. As regards the latter, one study discussed the creation of 

an excellence network dedicated to provide services and tools to external customers 

for the implementation of innovative, sustainable business and cooperation models, 

focusing on IS. 

1.5 “Industrial symbiosis for the circular economy”: A book 

overview 

CE and innovative collaborative approaches such IS have been incorporated at a 

variety of policy levels from local to international, and in a variety of forms from 

top-down government mandates to bottom-up independent programs and projects. 

Relatively little attention, however, has been paid to examining the environmental, 



17 

 

social, and economic impact of these practices, and how those impacts may be con-

text and/or scale dependent. Given that CE is quickly gaining momentum world-

wide, sharing knowledge and experience on CE and IS practices can bring to light 

and disseminate successful initiatives, as well as providing important lessons re-

garding obstacles and barriers for an IS implementation. This book collects and pre-

sents eleven research contributions about experiences and best practices of IS, as 

well as successful and unsuccessful cases (implemented or under implementation) 

from all over the world. By analysing and discussing a number of contributions 

from different contexts, this publication aims at identifying key elements, critical 

factors and viable approaches to utilize IS as an operational and systematic tool for 

transitioning towards a CE. Although all the chapters draw on IS/CE case studies 

or experiences with a geographical locus, some authors lay more emphasis in pre-

senting and discussing theoretical frameworks and methodological approaches (i.e. 

Ormazabal et al., Cutaia et al., Simboli et al., Kulczycka et al., Debnath, van Hoof 

and Duque-Hernández), while others contribute to the current debate on IS and CE 

by providing a critical analysis of case studies (i.e. Mencherini et al., Cappellaro et 

al., Giordano et al., Romani et al., Cervantes et al., Shi et al.). 

It is well-known that SMEs are the backbone of several national economies, even 

in the most industrialized countries. To facilitate SMEs in the transition to a CE, 

Marta Ormazabal, Vanessa Prieto-Sandoval, Javier Santos and Carmen Jaca (chap-

ter 2) propose a supporting methodology allowing firms to appreciate the role of the 

CE in creating value and competitive advantage. The framework of that approach 

includes some fields of action along the life cycle of products and materials (take, 

make, distribute, use and recover), as well as IS, as a crosswise field. Within that 

framework, the methodological pathway consists of various steps: preliminary di-

agnosis of a company’s current situation as regards its value proposition, its stake-

holders, and its level of CE application, analysis of the barriers and opportunities 

related to the transition from a linear model to a circular one, and proposal of an 

action plan. To test its validity, the developed methodology was implemented as a 

case study in a small manufacturing company. An interesting result is that a com-

pany, despite having excellent social relationships with other co-located ones, may 

just have never considered sharing any business with them. It also emerged that the 

transition path towards a CE can be undertaken easily even by companies, such as 

SMEs, which have poor technological skills and financial resources. Furthermore, 

the proposed approach proved suitable to be integrated with methods, such as the 

Life Cycle Assessment, able to support a quantitative evaluation of the identified 

circular strategies. 

In chapter 3, an operational tool to identify potential IS between companies is 

described. Laura Cutaia, Tiziana Beltrani, Valentina Fantin, Erika Mancuso, Silvia 

Sbaffoni and Marco La Monica present a methodology developed by ENEA - the 

Italian National Agency for New Technologies, Energy and Sustainable Economic 

Development - to audit a company’s resources. This method allows to analyse in 

details resources in input and output (materials, energy, expertise, services, etc.), 
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production processes and the local context where a company is located. By as-

sessing such data, it is possible to recommend strategies and solutions to increase 

the efficiency and optimise the production processes within the company bounda-

ries, as well as to create new opportunities for cooperation with other stakeholders 

at local level (IS). With regard to the latter, the authors point out that the main ob-

stacle to establish symbiotic exchanges between companies is often related to reg-

ulatory barriers, at least in the Italian context, which do not allow waste sharing 

mechanisms due to a problematic classification of wastes as by-products. Therefore, 

even when an IS is technically feasible, economically viable and the companies in-

volved are willing to cooperate, the regulatory context might make it unachievable. 

That is why the authors advocate for a change in the regulatory framework that can 

make IS a practical option for companies who want to improve their environmental 

and economic performance.  

Alberto Simboli, Raffaella Taddeo, Andrea Raggi and Anna Morgante (chapter 

4) present the results of a study aimed at exploring how different morphologies of 

industrial networks can potentially influence the development of local IS. The au-

thors consider six industrial clusters: urban industrial areas, chemical poles, local 

supply networks, industrial districts, ecologically equipped industrial areas (a simi-

lar, but distinct, concept of eco-industrial park which was introduced in Italy by a 

national law), and innovation clusters. Drawing on their research experience in stud-

ying and developing IS in the Italian context, Simboli and colleagues discuss a num-

ber of network features related to the network nodes (i.e. number and size of com-

panies, spatial aspects of the network, and type of industrial sector involved) and 

ties (i.e. types of stakeholders involved and formal/informal relationships between 

them, presence of network management bodies, and the relations between industrial 

and urban systems). The authors point out a link between the origin, evolution and 

spatial characterization of the industrial cluster, and the potential for establishing 

IS. In addition, the study confirms that the spatial and temporal dynamics of IS are 

context-dependent processes, but the development of a taxonomy of the industrial 

networks might help researchers and practitioners further explore IS at local scale. 

In chapter 5, Joanna Kulczycka, Ryszard Uberman, and Ewa Dziobek present a 

proposal for the prioritisation of the management of the different types of mining 

waste and by-products generated in the production process based on the MoSCoW 

method. The MoSCoW method is one of the prioritization techniques used in man-

agement and business analysis to create a list of prioritised requirements. In partic-

ular, the impact of different options of waste or by-product management could first 

be prioritised including predicted or planned changes, in the implementation of the 

CE and of the concept of IS, in individual countries and EU policy. The analysis 

takes economic, financial and environmental conditions into consideration and a 

case study is presented showing how IS can minimise waste flow in the raw mate-

rials sector based on the Polish case of brown coal (lignite) mining. The case study 

pointed out that nearly all types of waste from mining and processing as well from 

burning coal could be successfully managed, but it needs long term vision (con-

tracts) and investment taking into account the whole life time of the mine and close 
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cooperation between mine, power plant, local administrations and SMEs. The use 

of tools such as Cost Benefit Analysis (CBA) and Life Cycle Assessment (LCA) 

could be a base for creating inputs and indicator for environmental management, 

and the MoScoW method seems to be a helpful tool for prioritising different options 

and taking a final decision. 

Biswajit Debnath examines a very topical issue in waste management: the sus-

tainability of the e-waste supply chain (chapter 6). The author draws attention to the 

e-waste management in developing countries, more specifically Asia and Africa, 

where the large part of e-waste generated worldwide ends up and it often gets man-

aged by the informal sector. This kind of waste, if not properly treated, can create a 

number of environmental and health problems (due to the release of hazardous sub-

stances contained in the e-waste and to some unsustainable methods used to treat 

them, such as open air burning). On the other hand, the high content of valuable 

materials in the e-items makes the e-waste management a potentially profitable ac-

tivity, in addition to provide a contribution to recovering and recirculating resources 

under a CE perspective. In the chapter, Debnath describes the life cycle of an e-item 

and critically discusses the global supply chain of the e-waste. Based on this assess-

ment, the author outlines an IS framework for the e-waste sector, in order to opti-

mise the resource recovery and minimize the environmental impacts of waste man-

agement. Debnath also considers the spatial component of such IS, evaluating a 

couple of scenarios where the symbiotic network is characterized by different levels 

of geographical proximity.  

In chapter 7, Bart van Hoof and Juanita Duque-Hernández present a supply chain 

model, called Sustainable Enterprise Network methodology (RedES), which entails 

a collaboration among a critical mass of companies (335 private companies), uni-

versities and environmental authorities, for the dissemination of CE strategies (such 

as cleaner production and IS) in an emerging market context characterized by envi-

ronmental and social vulnerability and limited institutional capacity (in Colombia’s 

central region). The main objective of RedES is to promote productive transfor-

mation of firms and value chains through the application of change strategies in 

supply chains led by anchor organizations. Compared to other supply chain mech-

anisms for cleaner production and IS dissemination (e.g. technical assistance to ca-

pacity-building, sector guidelines, subsidies, etc.), the RedES experience showed 

larger scale and transformation potential: an increasing critical mass of firms take 

up cleaner production and IS practices for improvement of environmental perfor-

mance, and create capacity for the triple helix through collaboration among private 

companies, public environmental authorities and universities. New universities and 

education centres will be trained and certified in order to expand the model on a 

national basis and contribute to the productive transformation of firms and value 

chains towards sustainability and green growth. 

In chapter 8, Ugo Mencherini, Sara Picone, Lorenzo Calabri, Manuela Ratta, 

Tullia Gallina Toschi and Vladimiro Cardenia focus their contribution on the im-

plementation of IS in the Emilia-Romagna (ER) region, one of the most advanced 

Italian regions as regards the implementation of a CE. Indeed, a regional law on the 
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CE was issued in 2015 in ER with the aim of increasing public awareness of those 

issues and enabling the transition to a more circular model. The authors, besides 

framing the policy context, describe some initiatives carried out in recent years in 

ER. Among these, the "Green - Industrial Symbiosis" project, which involved local 

agri-food companies and research laboratories to spread the culture of IS locally. At 

the end of the project, several potential synergies between companies had been iden-

tified and some of these had been studied in depth from the point of view of their 

techno-economic feasibility. This experience provided the basis for an ongoing in-

ternational collaboration project, named TRIS ("Transition Regions Towards Indus-

trial Symbiosis"), which involves a few European regions, including ER. This pro-

ject is aimed at encouraging the sharing of good practices and developing new IS 

initiatives at regional level, also through dedicated policy tools. This resulted, for 

example, in the inclusion of IS among the strategic objectives considered by ER 

when funding collaborative research and innovation projects. Finally, the Food 

Crossing District project has focused on regional food and agricultural supply 

chains to enhance their by-products by developing innovative products. The main 

lessons learned from the experiences conducted in ER are finally identified and 

summarised by the authors. 

Francesca Cappellaro, Laura Cutaia, Giovanni Margareci, Simona Scalbi, Paola 

Sposato, Maria-Anna Segreto and Edi Valpreda discuss a case study related to the 

Roveri Industrial District, an industrial cluster located in Northern Italy (chapter 9). 

The authors describe the early stages of a transition process from a traditional in-

dustrial cluster to a Smart Sustainable District. The case study provides an interest-

ing perspective on how a collaborative approach between research institutions, gov-

ernment agencies and private companies can enable a shift in the management of a 

complex industrial cluster towards sustainability. The Roveri Industrial District, 

once apart from the metropolitan area of Bologna, over the years became part of the 

city’s metropolitan system, posing new challenges (but also creating new opportu-

nities) for the local decision-makers. Among the multiple initiatives of community 

engagement activated within the industrial cluster, a pilot project with a small group 

of companies attempted to identify potential symbiotic exchanges in the area. The 

results of such project highlighted the interest of some companies in exploring new 

ways of sharing infrastructures and services (e.g. mobility and workplace canteens), 

co-managing some type of waste (e.g. garden waste) and creating a “district re-

source manager”, namely a new actor able to generate new opportunities for joint 

purchasing of goods and services. 

Roberto Giordano, Elena Montacchini and Silvia Tedesco (chapter 10) present 

the results of four studies, where agricultural and food by-products were used in 

manufacturing new construction products. Their research, which was carried out in 

partnership with small and medium enterprises, explores the potential of employing 

rice husk in concrete manufacturing, almond shells as a thermal insulating plaster, 

bovine horns to manufacture mosaic tiles, and rice straw and corn cob in a new 

concrete product. The overall assessment of the studies shows both benefits and 

limitations of introducing new bio-based material in the construction sector. With 
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regard to the formers, these new materials contribute to: 1) upcycling waste and 

byproducts (which are often a burden for the companies) to valuable products, 2) 

improving the rural economy by diversifying the market, 3) creating building prod-

ucts with better environmental performances (with some exceptions), and 4) mov-

ing towards a CE. On the other hand, the study identifies some issues that need to 

be addressed in order to develop more competitive construction products using ag-

riculture and food by-products. Entrepreneurs need to establish new supply chains, 

adjust their production technologies to manufacture new products, and manage the 

seasonality of some agricultural by-products. Additionally, the authors stress a lack 

of incentives to reuse wastes and by-products, to move from R&D phase to the 

commercialization scale, and to enter the market with new products with initially 

higher production costs. Finally, some bio-based products might not have a signifi-

cantly better environmental performance than the traditional ones, negatively af-

fecting the marketing of such new bio-materials.  

A model for using IS to promote regional development drawing on local re-

sources is presented in chapter 11 by Annalisa Romani, Margherita Campo, Gio-

vanni Lagioia, Manuela Ciani Scarnicci and Annarita Paiano. The authors outline 

an approach to formulating a zero waste agribusiness model, which is based on us-

ing small to medium sized biorefineries to convert agri-industrial residues into ac-

tive biomolecules for a range of applications. This is a territorial approach to IS, 

i.e., addressing locally produced residue streams (themselves reflecting the agricul-

tural capabilities of the area), and applying a technological conversion in order to 

extract high value components that can themselves be applied within the region. 

Analogous to an oil refinery, a biorefinery breaks down organic matter into its con-

stituent parts in order that each can be put to its more economically advantageous 

use. This contrast, for example, with bulk composting or anaerobic digestion of or-

ganics residues.  Both approaches do produce products (including energy in the case 

of anaerobic digestion), with some economic value.  But using a bulk approach 

misses the opportunity to recover high value elements, which, for example, may 

have pharmaceutical applications. The chapter outlines the refining process, using 

three different crops to provide examples of residue flows and potential outputs, as 

well as indicating potential for synergies between the three agri-industrial systems 

(olives, grapes and sweet chestnuts). Challenges identified include the need to 

match supply of residues with demand for the refined products, and issues relating 

to the legal classification of wastes and by-products.  

In the last chapter, Gemma Cervantes, Luis Torres and Mariana Ortega introduce 

and assess multiple case studies of IS applied to agro-systems in Mexico. The au-

thors present two biorefinery proposals where subtropical fruits are used as feed-

stock, in addition to describing some symbiotic agrifood systems in rural central 

Mexico. While discussing the feasibility of a biorefinery system in a rural context, 

Cervantes and colleagues identify a few key elements that can contribute to the suc-

cess of the project: 1) a direct engagement of farmers in the early stages of the pro-

ject; 2) a sound governance processes while designing and implementing a biore-

finery; 3) a partnership between scientists and farmers for a responsible innovation 
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in agricultural practices; and 4) a clear cost-benefit assessment for farmers. With 

regard to the symbiotic agri-systems, the authors further stress how social aspects 

play a central role while implementing a symbiotic network. The researchers point 

out a common bias of farmers that often does not allow them to consider a waste as 

an economical valuable resource. Despite the fact that most agricultural wastes can 

be easily employed in other processes, starting a symbiotic system is often the most 

critical phase. However, once a first simple IS network is established, the authors 

observed that farmers and entrepreneurs begin to look at it as a system and not only 

a cluster of separated activities. Finally, Cervantes and colleagues underline how a 

good balance between competition and cooperation between actors and the ability 

of the system to evolve and adapt are vital to ensure the symbiotic network survival.  

1.6 Conclusions 

A brief introduction on the origin and evolution of the CE and IS has been pre-

sented in this chapter, highlighting the close relationship between them and with 

contiguous fields of research such as industrial ecology, ecological modernization 

and green economy. Particular emphasis was given to contextualize the two con-

cepts in the light of the current debate on SD, pointing out the potential contribu-

tions of IS and CE to the path towards a more sustainable society. The collection of 

papers gathered in this book provides the readers with a number of practices, and 

operative and methodological frameworks where the IS is employed to improve the 

overall sustainability of the current production and consumption patterns. The case 

studies and experiences presented and discussed in the following chapters show the 

potential for IS to play a role in achieving multiple Sustainable Development Goals 

and Targets proposed by the United Nations (2015). 
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