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The main purpose of this contribution is to depict most promising web-based solutions in terms of best 

configuration for symbiotic network. By examining 10 existing and functioning Wb-platforms of which only some 

have been previously explored in the previous literature, the paper aims at underling main contributions that 

platforms can provide to industrial symbiosis. Thanks to a mixed research method, the paper shows that the most 

promising way for enhancing Wb-platforms within industrial symbiosis framework is to consider multiple 

platforms for integrating the results obtained from the different platforms and for assessing multi-criteria procedures. 
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Introduction 

Under the pressure of government policies and public opinion towards the green transition and the 

digitalization of industrial activities, increasing attention is being paid, both in practice and in literature, to IS 

(industrial symbiosis) (Domenech et al., 2019; Afshari, Tosarkani, Jaber, & Searcy, 2020). The exchanges of 

energy, information, raw materials, and residues among firms, institutions, and local communities through 

networking, the proximity of production units, and the shared management of sites all embody the phenomenon 

of “industrial symbiosis” (IS), introduced by Renner (1947) in his geographic studies on the location of 

industrial activities and defined by Christensen (1992) on the basis of his managerial experience in the 

Kalundborg eco-industrial park in Denmark. Subsequently, many other definitions have been proposed within 

industrial ecology and circular economy frameworks (Chertow, 2000; Chertow & Lombardi, 2005; Mirata & 

Pearce, 2006). 

The attention to symbiotic initiatives, which has recently become more intense due to the global crisis 

caused by the Covid-19 pandemic, has generated an operational and scientific area interested in businesses 

connected in clusters operating within the framework of circular economy (Iandolo, Loia, Fulco, Nespoli, & 

Caputo, 2021; Wuyts, Marin, Brusselaers, & Vrancken, 2020). 
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Recently, an increasing number of contributions have underlined that IS processes can be enhanced 

through Web-based platforms (Wb-platforms) as configurations aimed at supporting the transition of industrial 

processes towards industrial symbiosis and, in general, towards sustainability and circular economy (Benedict, 

2018; Song, Geng, Dong, & Chen, 2018; Velenturf & Jensen, 2016). 

As the success of any kind of synergy relies on trust, consonance, knowledge, and information sharing 

(Barile, Saviano, Iandolo, & Calabrese, 2014; Saviano, Barile, Farioli, & Orecchini, 2019; Simone, Barile, & 

Calabrese, 2018), in the specific case of industrial symbiosis, these conditions are essential for discovering and 

exploiting industrial synergy opportunities (Ghali & Frayret, 2019; Dounavis, Kafasis, & Ntavos, 2019). 

The Wb-platforms complement the traditional functions of opportunity identification by the means of 

data-bases and—simultaneously—they assess the environmental, economic, and efficiency performance of 

complex, digitalized production systems aligned with the Industry 4.0 paradigm. Nevertheless, the chance to 

support new symbiotic projects and ongoing innovation processes in EIPs (eco-industrial parks) taking 

advantage of Wb-platforms seems to be little exploited. This circumstance is witnessed, in operational practice, 

by the termination, in the last decade, of some platforms [e.g. SMILE, the Ireland Industrial Symbiosis 

programme that provided a free platform for businesses to connect and identify synergies where a waste in one 

business can be a resource in another («(1) SMILE»] and, in literature, by several proposals of new 

methodologies and tools aimed at better meeting the needs of users through ICTs (Information and 

Communication Technologies) (Yazan, Yazdanpanah, & Fraccascia, 2020; Raimbault et al., 2020; Meng et al., 

2018; Fraccascia, 2020; Iandolo et al., 2021). Recognizing the existence of a wide gap in knowledge with 

reference to the role of Wb-platforms in promoting IS, the rest of the paper aims at investigating how 

Wb-platforms can support IS. With the aim to provide a possible answer to this research question the paper 

focuses the attention on the industrial park and on their transition to EIP. In such a line, the rest of the paper is 

structured as follows: Section 2 provides a literature review about IS; Sections 3 reviews a few cases of existing 

and operating Wb-platforms, and Section 4 links and discusses results from literature and Wb-platforms review. 

Finally, Section 5 provides conclusive remarks, argues the managerial and academic implications, outlines 

future research areas, and critically discusses the limitations of the work. 

IS and Wb-Platforms: An Explorative Literature Review 

The literature review was conducted with a mixed procedure: in the first phase (bibliometric), 

contributions specifically devoted to ICT platforms were identified in Web of Science Core Collection within 

the scientific production on industrial symbiosis existing in the two macro-scientific areas of circular economy 

and industrial ecology. The query was: TOPIC: (“industrial symbiosis”) AND TOPIC: (platform* OR 

“information system*” OR ict OR “social network”)—Refined by: [excluding] DOCUMENT TYPES: 

(EARLY ACCESS OR EDITORIAL MATERIAL OR BOOK CHAPTER)—Timespan: All years. Indexes: 

SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC.  

The query returned 79 documents, represented in the following Figure 1.  

In the second phase, the contributions were catalogued in Clarivate Analytics’ EndNote and the content 

analysis of the full-texts was carried out in order to obtain a picture of the evolution of the literature. 

From the conducted literature review, it emerges that—concurrent with the intensification of the 

development of ICT solutions devoted to companies operating in symbiosis—the interest of scholars to the 
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theme of ICTs contribution to IS has developed. Beyond the preliminary studies reported by Chertow and 

Portlock (2002) and in particular in the contribution of Brown, Gross, and Wiggs (1997) which refers to 

Matchmaker! (one of the first portals for matching demand and supply of waste), the interest about IS has 

grown up in the last decade. 
 

 
Figure 1. Bibliographic coupling of the references, overlay visualization. Source: Authors’ elaboration (The map has 
been built with Vosviewer of van Eck and Waltman (2010; 2014). It is downloadable at the link https://bit.ly/2RLNGbt). 

 

The expression “Industrial Symbiosis Platforms” is first used by Benedict (2018) who observes how 

information and communication technologies increasingly take the form of online platforms for helping to 

mitigate information and social barriers in IS. More recently, the focus has been on the deepening of the 

characteristics of ICT solutions suitable for IS declined along the guidelines of the identification of 

opportunities for exchanges (van Capelleveen, Amrit, & Yazan, 2018), of the simulation of transformations that 

take place in symbiotic networks (Lutje and Wohlgemuth, 2020), and of their design (Benedict, 2018). Despite 

this, from the literature, it emerges a fragmented picture in which there are few attempts of systematization of 

the potential of Wb-platforms, among which we have: 

Grant, Seager, Massard, and Nies (2010) assess the opportunities granted within the phases of sprouting, 

uncovering, embeddedness of IS and systematizes the functionality of existing platforms in the stages 

previously disclosed. Maqbool, Alva, and Van Eetvelde (2019) advance a classification of 20 platforms among 

operational, discontinued, and in development on the basis of a scale relating to the prevalent focus on one or 

more of the Grant phases while van Capelleveen et al. (2018) propose a taxonomy declined along the 

dimensions of different information systems characteristics, role of support the systems provide, and 

technologies used to enable IS. 
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Synergies Exploitation Systems: A Review of Existing Wb-Platforms 

Several Wb-platforms—inspired to the principles of circular economy and industrial symbiosis—have 

recently been developed to support collaborative initiatives between single firms or firms operating in industrial 

clusters. This Section focuses on such Wb-platforms in terms of synergy exploitation systems as package of 

services that goes from the identification of symbiotic opportunities to the monitoring of processes, passing 

through the definition of alternatives symbiotic network configurations and the assessment of their effects in 

economy, environmental, and social terms for all the involved stakeholders.  

Following the taxonomy of van Capelleveen et al. (2018), we discuss these types of systems, excluding 

open online waste markets, IS knowledge repositories, and social network platforms which are still in an 

embryonic stage, resulting in very scarce information and data available (Ghali, Frayret, & Robert, 2016). 

The main characteristics of few cases of Wb-platforms currently accessible and usable are summarized 

and analysed in the following Table 1. 
 

Table 1 

Main Synergies Exploitation Systems 

Wb-platform Main characteristics of the platform 

MAESTRI 
«MAESTRI—Energy and Resource Management 
Systems for Improved Efficiency in the Process 
Industries—A H2020-Project under the 
SPIRE-PPP Initiative». https://maestri-spire.eu/. 

Database developed by the Center for Industrial Sustainability, University of 
Cambridge, within the MAESTRI project “Energy and resource management 
systems for better efficiency in the process industries”.  

SWAN 
«SWAN—Home Page».  
http://swanplatform.eu/. 

The SWAN platform, previously discussed by Angelis-Dimakis et al. (2021), 
is an open access tool able to map and match solid waste sources with 
potential waste re-users, and propose waste reuse loops and value chains in 
the countries of Greece, Bulgaria, Albania, and Cyprus («SWAN»). 

FISSAC 
«FISSAC Project platform». 
http://platform.fissacproject.eu/. 

FISSAC Industrial Symbiosis Management Software Tool (FISSAC ICT 
Platform) is able to support decision making in material flow analysis and 
industrial clustering. The fundamental aim of the Wb-platform developed 
under FISSAC is to demonstrate and maximize environmental, social, and 
financial benefits of IS networks to support circular economy structure in the 
construction value chain («FISSAC Project platform»). 

CIRCULATOR 
«Home-Circulator». http://circulator.eu/. 

Circulator is a Wb-platform aimed at supporting aspiring entrepreneurs to 
create a circular business model suitable for a particular company or start-up. 
The user can mix strategies from three main categories and use this mix to 
draw inspiration from existing companies.  

PERCORSO CIRCOLARE 
«Percorso Circolare», 2019. Circularity (blog). 
Updated to April 10, 2019. 
https://circularity.com/servizi/percorso-circolare/. 

Circularity.com, previously treated by Pizzi, Leopizzi, and Caputo (2021), 
platform aimed to develop to foster the industrial symbiosis of different types 
of organizations, advertises itself as the first and only circular economy 
industrial symbiosis platform in Italy.  

WSX BM 
«Welcome to WSX-BM—WSX BM—European 
Waste Services Exchange Business Model», 
2021. https://www.wsxbm.eu/en/. 

WSX BM—European Waste Services Exchange Business Model constitutes 
an expert system based on semantic engines and artificial intelligence that 
facilitates the meeting between the demand and the complex and articulated 
world of supply of services necessary for proper waste management («WSX-BM»).

INex Circular 
«INex Circular—Le Leader de La Détection de 
Gisements de Déchets». 
https://sourcing.inex-circular.com/. 

iNex (Eco System Exchange) is a web platform designed to find practical 
solutions in a local area using big data techniques and knowledge on resources 
reusing. The platform instantly shows synergy potentials, simulates alternative 
network configurations, and for each of them assesses the effects in terms of 
environmental and economic benefits («INex Circular»). 

REACT 
«REACT». 
https://react.biseps.eu/en/business-parks. 

The Renewable Energy Area Collaboration Tool (REACT) is a user-friendly 
tool that identifies the best options for sustainable energy for companies and 
groups of companies and makes calculations for part of the businesses of a 
cluster or for a complete business cluster («REACT»). 
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Table 1 to be continued 

ZBP 
«ZBP». 
https://www.inex-circular.com/eng/1/home. 

The Zero Brine Platform, previously treated by Bakogianni, Skourtanioti, 
Meimaris, Xevgenos, and Loizidou (2019), allows the simulation of Water 
and Mineral Value and Supply Chain adopting a Circular Economy Approach 
to Reduce Industrial Salt Wastewater by Mineral Recovery and brine from 
other industries, thus “closing the loop” and improving the environmental 
impact of production.  

Source: Authors’ elaboration. 

Discussions 

The review of the literature and the examination of the platforms interested in the promotion and support 

of industrial symbiosis initiatives show an articulated framework of approaches and functions. With reference 

to the identification of possible synergies, the promotion of relationships between stakeholders, the simulation 

and evaluation of alternative network configurations, they differ for the economy sectors which they are mainly 

addressed to, for the territorial scales provided and for the types of exchanges (energy, waste, water, 

by-products). Accordingly, the improvements that the online digital platforms can convey to IS consist in the 

dissemination among companies of the knowledge related to the existing symbiotic possibilities; this allows for 

a multiplication of initiatives, also due to the driving force of policies aimed at green transition, and the design 

and implementation of more efficient network configurations. Such results are possible only through the 

establishment of consonant social relationships among all the stakeholders involved in the projects made 

possible by platforms as instruments through which to reduce information asymmetries and generated coded 

communication formats. 

Implications, Limits, and Future Research 

The future of industrial symbiosis and, in general, of projects pursuing sustainability and circular economy, 

depends on the ability of the actors to exploit the solutions offered by information technologies. The extension 

of the information available in real time thanks to Wb-platforms allows overcoming traditional barriers that 

hinder the degree of openness of industrial systems. Given the sectoral, territorial, and specific character of the 

materials considered of the different existing and functioning platforms the most promising way for their use is 

to consider multiple platforms in order to take full advantage of the contribution of each of them. 

This contribution summarizes main characteristics of platforms in supporting industrial symbiosis. It also 

suggests the opportunity to use multiple platforms in order to integrate the results related to the different cycles 

(existing or planned) and evaluate the configurational alternatives with multi-criteria procedures. 

The paper contributes to current literature by carrying out a first review of the functionalities of few 

platforms interested in supporting industrial symbiosis, drawing the attention on the need for a systematization 

of their potential contributions for improving technical, economy, and environmental efficiency of IS. Given 

the tumultuous evolution of ICT solutions and the rapid spread of their use by operators, future research lines 

require to improve a multi- and trans-disciplinary approach to in depth investigate challenges and opportunities 

of Wb-platforms in the domain of IS. 

Main limitations of this contribution consist in the moderate number of analysed cases that have a range of 

action limited to European countries. Accordingly, future research will extend the observation in order to catch 

similitudes and divergences among Wb-platforms and IS processes in different geographical and cultural areas. 



WEB-BASED PLATFORMS IN SUPPORT OF INDUSTRIAL SYMBIOSIS 

 

94 

References 
Afshari, H., Tosarkani, B. M., Jaber, M. Y., & Searcy, C. (2020). The effect of environmental and social value objectives on 

optimal design in industrial energy symbiosis: A multi-objective approach. Resources Conservation and Recycling, 158, 19. 
doi:10.1016/j.resconrec.2020.104825 

Alkaya, E., Böğürcü, M., & Ulutaş, F. (2014). Industrial symbiosis in Iskenderun bay: A journey from pilot applications to a 
national Program in Turkey. In Proceedings of the technology development foundation of Turkey, Athens, 19-21 June 2014. 

Angelis-Dimakis, A., Arampatzis, G., Pieri, T., Solomou, K., Dedousis, P., & Apostolopoulos, G. (2021). SWAN platform: A 
web-based tool to support the development of industrial solid waste reuse business models. Waste Management & Research, 
39(3), 489-498. 

Bakogianni, D., Skourtanioti, E., Meimaris, D., Xevgenos, D., & Loizidou, M. (2019). Online brine platform: A tool for enabling 
industrial symbiosis in saline wastewater management domain. In 2019 15th international conference on distributed 
computing in sensor systems (pp. 430-435). New York: IEEE. 

Barile, S., Saviano, M., Iandolo, F., & Calabrese, M. (2014). The viable systems approach and its contribution to the analysis of 
sustainable business behaviors. Systems Research and Behavioral Science, 31(6), 683-695. doi:10.1002/sres.2318 

Benedict, M. (2018). Modelling ecosystems in information systems—A typology approach. Presented at Proceedings of the 
Multikonferenz Wirtschaftsinformatik. 

Benedict, M., Kosmol, L., & Esswein, W. (2018). Designing industrial symbiosis platforms—From platform ecosystems to 
industrial ecosystems. Presented at PACIS. 

Brown, J., Gross, D., & Wiggs, L. (1997). The MatchMaker! system: Creating virtual eco-industrial parks. In M. Chertow and M. 
Portlock (eds.), Developing industrial ecosystems: Approaches, cases, and tools. New Haven, CT: Yale School of Forestry 
and Environmental Studies. 

Chertow, M. R. (2000). Industrial symbiosis: Literature and taxonomy. Annual Review of Energy and the Environment, 25(1), 313-337. 
Chertow, M. R., & Lombardi, D. R. (2005). Quantifying economic and environmental benefits of co-located firms. 
Chertow, M., & Portlock, M. (2002). Developing industrial ecosystems: Approaches, cases, and tools. New Haven, CT: Yale 

School of Forestry and Environmental Studies. 
Christensen, J. (1992). The industrial symbiosis in Kalundborg, Denmark. Presented at Int. Ind. Conf. Sustainable Dev., Rio de 

Janeiro. 
Domenech, T., Bleischwitz, R., Doranova, A., Panayotopoulos, D., & Roman, L. (2019). Mapping Industrial Symbiosis 

Development in Europe_ typologies of networks, characteristics, performance and contribution to the Circular Economy. 
Resources, conservation and recycling, 141, 76-98. 

Doménech, T., & Davies, M. (2011). The role of embeddedness in industrial symbiosis networks: Phases in the evolution of 
industrial symbiosis networks. Business Strategy and the Environment, 20(5), 281-296. Retrieved from 
https://scihub.bban.top/10.1002/bse.695 

Dounavis, A. S., Kafasis, P., & Ntavos, N. (2019). Using an online platform for the improvement of industrial symbiosis and 
circular economy (in Western Macedonia, Greece). Global Nest Journal, 21(1), 76-81. doi:10.30955/gnj.002735 

Fraccascia, L. (2020). Quantifying the direct network effect for online platforms supporting industrial symbiosis: An agent-based 
simulation study. Ecological Economics, 170, 12. doi:10.1016/j.ecolecon.2019.106587 

Fraccascia, L., & Yazan, D. M. (2018). The role of online information-sharing platforms on the performance of industrial 
symbiosis networks. Resources Conservation and Recycling, 136, 473-485. doi:10.1016/j.resconrec.2018.03.009 

Ghali, M. R., & Frayret, J. M. (2019). Social semantic web framework for industrial synergies initiation. Journal of Industrial 
Ecology, 23(3), 726-738. doi:10.1111/jiec.12814 

Ghali, M. R., Frayret, J. M., & Robert, J. M. (2016). Green social networking: Concept and potential applications to initiate 
industrial synergies. Journal of Cleaner Production, 115, 23-35. 

Grant, G. B., Seager, T. P., Massard, G., & Nies, L. (2010). Information and communication technology for industrial symbiosis. 
Journal of Industrial Ecology, 14(5), 740. doi:10.1111/j.1530-9290.2010.00273.x 

Iandolo, F., Loia, F., Fulco, I., Nespoli, C., & Caputo, F. (2021). Combining big data and artificial intelligence for managing 
collective knowledge in unpredictable environment—Insights from the Chinese case in facing COVID-19. Journal of the 
Knowledge Economy, 12(1), 1982-1996. 

Iandolo, F., Vito, P., Loia, F., Fulco, I., & Calabrese, M. (2021). Drilling down the viable system theories in business, 
management and accounting: A bibliometric review. Systems Research and Behavioral Science, 38(6), 738-755. 



WEB-BASED PLATFORMS IN SUPPORT OF INDUSTRIAL SYMBIOSIS 

 

95

Jensen, P. D., Basson, L., Hellawell, E. E., Bailey, M. R., & Leach, M. (2011). Quantifying “geographic proximity”: Experiences 
from the United Kingdom’s national industrial symbiosis programme. Resources Conservation and Recycling, 55(7), 
703-712. doi:10.1016/j.resconrec.2011.02.003 

Lombardi, D. R., & Laybourn, P. (2012). Redefining industrial symbiosis. Journal of Industrial Ecology, 16(1), 28-37. 
doi:10.1111/j.1530-9290.2011.00444.x 

Lutje, A., & Wohlgemuth, V. (2020). Requirements engineering for an industrial symbiosis tool for industrial parks covering 
system analysis, transformation simulation and goal setting. Administrative Sciences, 10(1), 24. 
doi:10.3390/admsci10010010 

Maqbool, A. S., Alva, F. M., & Van Eetvelde, G. (2019). An assessment of European information technology tools to support 
industrial symbiosis. Sustainability, 11(1), 15. doi:10.3390/su11010131 

Meng, X.Y.; Wen, Z.G.; Qian, Y. (2018). Multi-agent based simulation for household solid waste recycling behavior. Resour. 
Conserv.Recycl., 128, 535–545. 

Mirata, M., & Pearce, R. (2006). Industrial symbiosis in the UK. In Industrial ecology and spaces of innovation (pp. 77-105). 
London, UK: Edward Elgar Publishing. 

Pizzi, S., Leopizzi, R., & Caputo, A. (2021). The enablers in the relationship between entrepreneurial ecosystems and the circular 
economy: The case of circularity.com. Management of Environmental Qualit, 18, 12. doi:10.1108/meq-01-2021-0011 

Raabe, B., Low, J. S. C., Juraschek, M., Herrmann, C., Tjandra, T. B., Ng, Y. T., … Tan, Y. S. (2017). Collaboration platform for 
enabling industrial symbiosis: Application of the by-product exchange network model. In S. Takata, Y. Umeda and S. 
Kondoh (eds.), 24th cirp conference on life cycle engineering (pp. 263-268). Amsterdam: Elsevier Science Bv. 

Raimbault, J., Broere, J., Somveille, M., Serna, J. M., Strombom, E., Moore, C., ... & Sugar, L. (2020). A spatial agent based 
model for simulating and optimizing networked eco-industrial systems. Resources, Conservation and Recycling, 155, 
104538. 

Renner, G. T. (1947). Geography of industrial localization. Economic Geograph, 23(3), 167-189. 
Saviano, M., Barile, S., Farioli, F., & Orecchini, F. (2019). Strengthening the science-policy-industry interface for progressing 

toward sustainability: A systems thinking view. Sustainability Science, 14(6), 1549-1564. doi:10.1007/s11625-019-00668-x 
Simone, C., Barile, S., & Calabrese, M. (2018). Managing territory and its complexity: A decision-making model based on the 

viable system approach (VSA). Land Use Policy, 72, 493-502. doi:10.1016/j.landusepol.2017.12.070 
Song, X. Q., Geng, Y., Dong, H. J., & Chen, W. (2018). Social network analysis on industrial symbiosis: A case of Gujiao 

eco-industrial park. Journal of Cleaner Production, 193, 414-423. doi:10.1016/j.jclepro.2018.05.058 
Van Capelleveen, G., Amrit, C., & Yazan, D. M. (2018). A literature survey of information systems facilitating the identification 

of industrial symbiosis. In B. Otjacques, P. Hitzelberger, S. Naumann, and V. Wohlgemuth (eds.), From science to society: 
New trends in environmental informatics (pp. 155-169). Cham: Springer International Publishing Ag. 

Van Eck, N. J., & Waltman, L. (2010). Software survey: VOSviewer, a computer program for bibliometric mapping. 
Scientometrics, 84(2), 523-538. doi10.1007/s11192-009-0146-3 

Van Eck, N. J., & Waltman, L. (2014). Visualizing bibliometric networks. In Y. Ding, R. Rousseau, and D. Wolfram (eds.), 
Measuring scholarly impact (pp. 285-320). New York: Springer. 

Velenturf, A. P. M., & Jensen, P. D. (2016). Promoting industrial symbiosis: Using the concept of proximity to explore social 
network development. Journal of Industrial Ecology, 20(4), 700-709. 

Wuyts, W., Marin, J., Brusselaers, J., & Vrancken, K. (2020). Circular economy as a COVID-19 cure? Resources, Conservation, 
and Recycling, 162, 105016. doi:10.1016/j.resconrec.2020.105016 

Yazan, D. M., Yazdanpanah, V., & Fraccascia, L. (2020). Learning strategic cooperative behavior in industrial symbiosis: A 
game-theoretic approach integrated with agent-based simulation. Business Strategy and the Environment, 29(5), 2078-2091. 
doi:10.1002/bse.2488 


