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Abstract. The development of tools and methods supporting the identification of 

Industrial Symbiosis opportunities is of utmost importance to unlock its full po-

tential. Knowledge repositories have proven to be powerful tools in this sense, 

but often fail mainly due to poor contextualization of information and lack of 

general applicability (out of the boundaries of specific areas or projects). In this 

work, a novel approach to the design of knowledge repositories for Industrial 

Symbiosis is presented, based on the inclusion and categorization of tacit 

knowledge as well as on the combination of mimicking and input-output match-

ing approaches. The results of a first usability test of the proposed tool are also 

illustrated. 
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1 Introduction 

Industrial Symbiosis (IS) is nowadays one of the most prominent sub-disciplines of 

Industrial Ecology (IE), a discipline advancing sustainable industrial ecosystems 

through paradigms that support interactions and exchanges between industrial flows 

and their surrounding environment [1]. It is, even if still a relatively new field, a grow-

ingly accepted paradigm for processing waste into material, energy and water with ben-

efits to participants measured by economic, environmental and social gains [2]. In prac-

tice, it means that manufacturers can make better use of all inputs to their processes 

through exchanges of waste, by-products and energy with other companies/sectors [3]. 

However, in spite of the potential benefits of IS, there is still an evident implemen-

tation gap, with practitioners failing to fully exploit its possibilities [4]. Part of this gap 

is certainly given by the high degree of characterization needed for the design of IS in 

different contexts, as well as by the huge number of factors influencing its development, 

such as technical, political, economic and financial, informational, organizational and 

motivational [5]. In addition, unlike commodities such as recycled metals, waste mate-

rials are typically nonstandard or highly variable in composition, thus the process of 

exchanging them can be more challenging [1]. 



It is well acknowledged in literature that IS opportunities identification can benefit 

from the creation of knowledge repositories [1, 6, 7]. Thus, over the last years, IS re-

searchers and practitioners have made several efforts in order to create knowledge re-

positories for IS [6], and the present work builds on related literature to create a novel 

knowledge repository combining main pros and addressing main cons of existing ones. 

The main research question addressed in this paper is therefore: How to effectively 

design a knowledge repository to identify new ideas and opportunities for IS? In the 

following paragraphs, a review of main approaches to the design of knowledge reposi-

tories to support IS opportunities identification will be presented, aimed at identifying 

strengths and weaknesses for each of them. Then, the design of a novel repository based 

on these premises is described, first of all defining the design process and then illustrat-

ing main outputs of its application. Finally, some planned future developments to im-

prove the proposed repository will be discussed. 

2 Literature review  

The development process for IS, as it is described in literature [6], usually starts with 

a first, fundamental phase in which opportunities for IS implementation are identified. 

Opportunities identification can occur in different ways: (i) the company can focus on 

a specific waste material and develop a new process to transform it into a by-product; 

(ii) the company can get in touch with neighboring companies and look for potential 

synergies (this approach is usually facilitated by a third party); or (iii) the company can 

learn from business cases in which similar companies were involved and replicate suc-

cessful practices [6]. Especially considering the last two approaches, in which gathering 

and analyzing data from other companies is fundamental, several tools have been de-

veloped over the last years trying to facilitate opportunities identification and to par-

tially fill the implementation gap. These tools are generally either based on workshops 

(as described for example in [8]), or on Information and Communication Technology 

[6, 7, 9]. Anyway, the effectiveness and general applicability of these tools is often still 

unclear [6], one of the main shortcomings being the fact that they do not address con-

textualization issues. The opportunities identification phase is in fact one of the most 

influenced by contextual factors and, being a very early one, can condition the whole 

development process. Thus, the creation of tools designed ad hoc to facilitate this stage 

is of utmost importance, since it can potentially enable and ease following phases, con-

tributing to face the contextualization challenge. There are two main approaches usu-

ally followed to design knowledge repositories for IS: the first one is based on the 

mechanism of “relationship mimicking”, while the other one is based on the mechanism 

of “input-output matching” [1, 6].  

The “relationship mimicking” mechanism involves mimicking successful relation-

ships employed by similar organizations. Triggering mimicking mechanisms by the 

means of knowledge repositories is a process that has proven to be positively practical 

and easy to implement [6]. In fact, this requires enabling information exchange by 

matching companies from similar industrial sectors, a process that is supported by ex-

isting standardized classifications for industry. These classifications, as for example the 



statistical classification of economic activities in the European Community [10], are 

already well known and widely used. A successful linkage can therefore be explicitly 

designated by two codes, one for each of the industries it connects [6]. 

The creation of such explicit linkages is not as easy in the “input-output matching” 

approach. This approach builds on the definition of available resources for one organi-

zation, and on the identification of complementary resource requirements for another 

organization [1]. It usually leads to the creation of new exchanges in a much more 

straightforward way compared to mimicking approach, as it directly links the demand 

and offer for a specific material. Nevertheless, it is generally successful only when ap-

plied to closed systems (one famous example of a closed system is Kalundborg, Den-

mark [11, 12]) and/or to facilitated systems, where synergies are established, by third 

parties among pre-selected industries, basing on their geographical proximity or on 

their existing relationship and mutual trust [1]. A knowledge repository designed with 

an input-output matching approach tends to fail when not strongly supported by waste 

management experts and when not applied to closed systems, mainly because the defi-

nition of a common and standard classification of waste is still a challenge. Nowadays, 

the development of open IS models enabling unrestricted and wider participation of 

partners as well as competitive terms in exchanging materials and energy is becoming 

more and more common, as it is considered to be consistent with the dynamic nature of 

IS networks [1]. Therefore, the input-output matching approach needs to be improved 

and potentially combined with the mimicking approach, creating a sort of new, hybrid 

approach, in order to still be considered effective. 

Existing knowledge repositories for IS, both designed using a mimicking approach 

and an input-output matching approach, have two main limitations. The first one is that 

they are generally lacking tacit knowledge content and the second one is that they often 

only include synergies created within a specific project or in a specific geographical 

area, losing general and trans-contextual validity [6, 7, 13]. 

Tacit knowledge is the kind of knowledge residing within individuals or a company, 

difficult to express in written forms [14] (e.g. expertise and roles of people to involve 

in the IS development process, factors determining the success of IS implementation, 

effort needed to implement IS exchanges, etc.). It is opposite to explicit knowledge, 

which is defined as information that is easily communicated, codified, or centralized 

using tools such as statistics [6]. Tacit knowledge transfer offers tremendous opportu-

nities to enable Industrial Symbiosis networks, as it specifically addresses contextual-

ization challenges [15, 16]. Thus, it could help avoiding practitioners’ biases towards 

their own expertise or particular industries they wish to serve, informing them about 

new and unexplored potential synergies as well as required associations, know-how, 

expertise and engineering solutions [1]. 

In the present work, the design of a knowledge repository based on the mimicking 

approach, but trying to integrate positive features of the input-output approach as well 

as a substantial tacit knowledge content, without losing simplicity in use and effective-

ness is presented. This work represents the first step towards the creation of a repository 

of potential opportunities for new symbiotic exchanges. 



3 Methodology for the design of a new knowledge repository 

A preliminary review of IS case studies presented in literature set the basis for the 

tacit and explicit knowledge to be included in the knowledge repository, taking into 

account main knowledge transfer needs highlighted from previous IS development ex-

periences. The tacit knowledge content has then been classified, while the explicit 

knowledge content has been codified (mainly associating existing and widely adopted 

codifications to relevant pieces of information, i.e. industrial sector of companies taking 

part in symbiotic exchanges and materials exchanged) in order to improve the reposi-

tory usability and to make the content easily accessible to final users. Thus, a first de-

sign of the repository’s structure has been defined. 

After that, the structure of the knowledge repository has been shown to a group of 

researchers and industrials already familiar with IS topics, ad their feedback has been 

used to consolidate it as well as to define potential use processes. 

A further literature review has been performed and the knowledge repository has 

been populated with a set of 46 different case studies set in 16 countries across the 

world (28 in Europe, 12 in Asia, 4 in America and 2 in Australia), providing a wide 

overview of different contexts in which industrial symbiosis has emerged so far. (426 

symbiotic exchanges are described within the considered cases). It is important to men-

tion that both scientific and non-scientific literature have been considered for database 

population. This has allowed taking into account also whitepapers and industrial 

presentations other than scientific papers, thus including in the knowledge repository 

also simple but effective forms of Industrial Symbiosis that are usually left out of aca-

demic research. 

Eventually, data collected in four different industrial companies have been used to 

perform a first usability test of the knowledge repository, evaluating its ability to inform 

companies on potential IS opportunities. 

4 Results  

The main output of the design process illustrated in the previous paragraph is a 

knowledge repository structured in two different and connected sections: a library of 

case studies and an exchanges database.  

Within the library of case studies, each case is described according to a precise struc-

ture: a brief narrative of the case description is followed by five sections gathering the 

related tacit knowledge content, which are the results of the tacit knowledge content 

classification. Triggering and precondition factors are identified to describe the main 

business challenge that was addressed (the starting point for the search of a solution) 

and the antecedents that made the symbiotic exchange feasible under the described 

business context. Antecedents are here intended with the same meaning as illustrated 

in [17], i.e. inputs to understand and analyze the dynamics of industrial symbiosis. The 

main barriers encountered in the specific industrial symbiosis implementation are de-

scribed, as well as the approach used by the individuals / organizations involved in 

order to overcome those barriers. Then, the discovery process (the process initiated by 



the triggering factors and finalized by the realization of the symbiotic exchange) is ex-

plained, highlighting the main steps and efforts made by the involved individuals / or-

ganizations. This includes the description of role of facilitators, whenever applicable.  

The description of the discovery process within the library of case studies is meant 

to help companies fully understand the activities necessary to deliver progress towards 

the IS vision, as it might not be so clear at this stage, resulting in failed or even dissuad-

ing implementation attempts.  

Each case in the library is identified by a numerical ID, as well as each source (paper, 

whitepaper, industrial presentation, etc.) used for library population. A combination of 

these two numerical IDs plus an additional sequential number univocally identifies each 

synergy described in each case. This numerical identifiers allows to link the library of 

case studies to the database of exchanges. This database is a spreadsheet, mainly con-

taining explicit knowledge content, in which each row corresponds to an exchange oc-

curring between two different companies. 

For each synergy, the industrial sector of the companies involved is identified using 

the NACE (Nomenclature générale des Activités économiques dans les Communautés 

Européennes) code [10], while the exchanged material is identified using the European 

Waste Classification (EWC) [18]. These two codification systems have been chosen 

due to their wide diffusion among companies, so as to improve the usability of the 

repository also for users with no or little background on IS topics, and also according 

to previous research results [1, 7]. The use of the NACE code specifically allows the 

triggering of mimicking mechanisms, as companies can search the database to find out 

what exchanges other companies from their own industrial sector have already imple-

mented. The use of the EWC code is instead twofold: on the one hand, it contributes to 

supporting the triggering mechanism, as companies can search the database to find out 

what exchanges other companies have implemented with their own waste, while on the 

other hand it can be considered as a first step for input-output matching, as it suggests 

potential partners for each exchange. 

Eventually, a description of the waste treatment is given wherever applicable, as well 

as some additional details regarding the synergy (final use of the exchanged flow, avail-

ability of flows’ quantities and payment details in the original source, level of comple-

tion of the synergy). 

5 First validation 

In order to perform a first usability test of the designed knowledge repository, two 

initial standard queries have been identified, representing two possible use processes of 

the library of case studies and exchanges database. Nevertheless, it is important to high-

light that additional searches are enabled in both the library and the database, e.g. key-

word searches, but have not been considered as standard queries for this first test phase 

due to their intrinsic variability and higher degree of customisation. They will, however, 

follow a similar logic as query type A and B (described in the followings). 

The two standard queries defined for the usability test are: 



 Standard query type A (in red in Figure 1), looking for similar companies (same 

NACE code); 

 Standard query type B (in green in Figure 1), looking for exchanges of similar waste 

materials (same EWC code). 

The last three steps of the two standard queries are identical (in blue in Figure 1), as 

they are referred to the identification of the case studies within the library that corre-

sponds to the exchanges in the waste database, and to the extraction of tacit knowledge 

contents. 

 
Fig. 1. – Standard queries type A (in red) and type B (in green) 

The usability test has been conducted using NACE codes and EWC codes provided 

by four different companies from the process industry (two chemical companies, a 

metal parts and a plastic components producer). As a means of example, the following 

table provides some extracts of the results obtainable from one search using standard 

query A and from one search using standard query B. Due to confidentiality issues, data 

presented in the table do not belong to any of the four companies used for testing. 

Table 1. Example of results obtained using standard query A (in red) and B (in green). 

Code 

used in 

the 

query 

ID of ex-

change 

identified 

in the da-

tabase 

NACE of 

companies 

involved 

in the ex-

change 

Brief description 

of the exchange 

ID of cor-

respond-

ing case 

in the li-

brary 

Brief description of 

the case 

17,11 

(NACE) 

17,27,2 17,11 (do-

nor); 

A pulp producer 

sends ashes de-

17 Relvao industrial park, 

Portugal. The park has 

been created with the 



20,15 (re-

ceiver) 

rived from a com-

bustion process to 

a fertiliser’s manu-

facturer that uses 

them as raw mate-

rial.  

support of regional au-

thorities. Symbiosis is a 

means to reduce envi-

ronmental impact and 

increase competitive-

ness [19].  

01 03 09 

(EWC) 

23,21,12 24,42 (do-

nor) 

23,51 (re-

ceiver) 

An alumina refin-

ery sends red muds 

to a cement pro-

ducer. 

23 Spontaneous synergy in 

the Gladstone industrial 

district in Australia. 

Symbiosis is a means to 

reduce environmental 

impact and face re-

source scarcity [20]. 

The database provided examples of flows corresponding to the search criteria for 

20% of the analysed codes. Multiple examples of flows have been found for single 

codes in several cases. The test resulted in the identification of 38 relevant flows, 19 

related cases and 26 potential types of partners for exchanges. 

6 Conclusions 

The novel knowledge repository proposed in the present paper has been tested in 

four different cases and has proved to be a very promising starting point for the identi-

fication of IS opportunities. It enables mimicking and represents a good basis for input-

output matching approaches, and its rich tacit knowledge content, referred to different 

contexts and projects all over the world ensure its effectiveness. In addition, the classi-

fication provided for the tacit knowledge content allows an easy and effective usability 

of the proposed tool.  

The main shortcoming of the proposed repository, emerged during the usability test, 

is the use of the EWC classification, which is sometimes too general when it comes to 

the definition of produced substances and therefore limits the potential uses of the tool. 

In fact, it happens that substances that could be reused in different ways are considered 

altogether as a unique entity by EWC, and the naming of the wastes itself does not 

always allows a clear matching. 

In addition, the number of cases analyzed is still not enough to ensure the general 

applicability of the repository. 

Next steps defined for the improvement of the designed repository are first of all to 

further analyze and overcome main barriers and limitations of the current configuration 

of the knowledge repository, related to codification issues, searching modalities and 

general applicability, and then to make it publicly available online to enable peers and 

users review and to perform further usability tests. 
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