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Abstract 
 

The objective of this report is to provide an insight into the role of 
intermediaries in the process of initiation and implementation of industrial 
symbiosis. This report is deepening the research findings on intermediaries 
for industrial symbiosis presented in Deliverable 2.1 ‘Lessons learnt and best 
practices for enhancing industrial symbiosis in the process industry’ in the 
SCALER project.  

In addition, we identify a set of enabling technologies, which could be 
utilised for and enable industrial symbiosis. We look into the application and 
the benefits of these technologies. 
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Introduction 
 

The aim of this study is to better understand the role of intermediaries and key enabling 
technologies in the adoption of industrial symbiosis (IS). This report is part of a wider study, 
which seeks to boost the application of IS in the process industry by considering non-
technical and technical best practices, enabling technologies, key intermediaries and 
facilitating tools and methods. This report, Deliverable 2.2, is based on the SCALER Work 
Package 2, Task 2.3. In this deliverable, we dig deeper into the role of intermediaries for the 
implementation of industrial symbiosis. While, in D2.1 we identified how critical 
intermediaries are, here, we look into the roles among the various IS facilitating actors and 
the positioning of intermediaries. 

In addition to scrutinising the role of intermediaries, we analysed the 25 case studies 
previously identified for Deliverable D2.1 and extracted a set of technologies, which have 
enabled the implementation of IS in the selected cases. In this exercise, we also considered 
technologies, which have been utilised by or recommended by industry experts, such as 
members of the SCALER Advisory Board. We also handpicked certain technologies, which 
were not found through the case studies applications, but were discussed in the literature 
as examples of enabling technologies. We provide a brief qualitative description of the 
technologies and their main benefits. 

Furthermore, we obtained direct insights from industry expert who participated in the IS 
expert enquiry carried out by the SCALER project. We also brought in an additional 
perspective on facilitated industrial symbiosis programmes for SMEs from a developing 
country in an attempt to increase our understanding of initiating facilitated industrial 
symbiosis programmes in new regions. 

In summary, we gathered ample evidence and further built up our body of knowledge 
concerning the implementation of industrial symbiosis. We regard industrial symbiosis a 
complex endeavour, which requires coordinated efforts among multiple public and private 
stakeholders and investment in key technologies and co-ordinated implementation 
programmes. 

 

1. The role of IS facilitating actors 
 

This section sets out the findings to date from twenty-five case studies on change 
agencies/agents, intermediaries and knowledge agencies and it builds upon the findings 
from deliverable D2.1. The terms change agencies/agents and knowledge agencies have 
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been adopted in this report as they more accurately reflect the findings from the case 
studies – intermediaries do operate in a classical sense, but what was found in addition is 
that there are other organisations and individuals who provide specific assistance enabling 
IS to prosper. 

The findings in this report are organised for consistency at national, regional/local/city, 
network/EIP and firm levels. In addition, the role of knowledge agencies in the form of 
universities/research institutes and the like, and business associations are described. At the 
end of the section concluding remarks are offered that summarise our overall findings. 

 
 
 

1.1 National Level 
 

Certain governments have been instrumental in acting as powerful overarching ‘change 
agents’ by investing and establishing a variety of agencies that operate at a more granular 
level. Examples include the Japanese Ministry of Environment and Ministry of Economy, 
Trade and Industry (METI), which set up in 2005 a specific committee to drive the evolution 
of the eco-town program in Japan (Hashimoto, Fujita, Geng and Nagasawa, 2010). A further 
example was within a case study of Korean activity, with a 15-year-long three stage 
programme that focused on the creation of multiple eco-industrial parks, steered by a 
government department termed the Korean National Cleaner Production Centre (KNCPC).  

Stage one sought to identify potential IS focused on two formally designated EIPs, this led 
to more energy efficient exchanges of by-product (Mathews and Tan, 2011). Stage two 
embodied the principles from Stage one and set about the extension to another twenty EIPs. 
The third stage was designed for the review of performance indicators established for the 
IS initiatives, and to identify and rectify any issues in order to accelerate future 
developments. Under the guidance of the KNCPC, the Ulsan Metropolitan City for example 
had furthered the growth of the Ulsan EIP by encouraging new comers and continued its 
expansion by promoting the benefits of the extensive symbiotic network (Mathews and Tan, 
2011).  

Other instances at this level were demonstrated by the Symbiosis Institute within the 
Kalundborg network (Costa and Ferrão, 2010), and the National Industrial Symbiosis 
Program (NISP) in the UK (Mirata, 2004); in both cases they became part of the management 
teams and provided tools and processes to establish synergies (Costa and Ferrão, 2010). 
The NISP began after a localised programme in Humberside, which was initiated in 2000 by 
the Business Council for Sustainable Development-United Kingdom (BCSD-UK). The BCSD-
UK programme to catalyse synergies amongst local firms received positive reactions from 
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other regions, which led to the UK Government investing in the establishment of the NISP. 
Greater detail on the specific role of the NISP is provided later in this report. 

From an alternative perspective in China the government established in 2004 the National 
Development and Reform Commission (NDRC) to accelerate IS through local government. 
State owned companies had managers that were part of local government and therefore 
there was a powerful control mechanism that extended directly from national government 
and helped China progress IS more rapidly (Yuan and Shi, 2009). The NDRC also selected 
eight Chinese cities to be developed as pilots for the national low-carbon city project. Low 
carbon city efforts focused on: “industrial structure upgrading, industries relocation, energy 
structure optimization, energy efficiency technologies application [and] low-carbon 
transportation (Dong et al., 2013). By 2008, China had extended legislation with the  

Law for the Promotion of the Circular Economy. This feed into a programme directed by the 
Ministry of Environment Protection, in association with other government ministries which 
led to the establishment of fifty EIPs in total within China by 2010 (Mathews and Tan, 2011). 
Each government ministry was responsible for driving particular aspects of specific EIPs. 

Furthermore, national governments have been key through their investment strategies in 
university research programmes, and numerous examples were found in the case studies 
(Costa and Ferrão, 2010). Detail is offered on the activity of the universities and the like 
further below.  

Thus, we propose the notion that governments act as change agencies, operating either 
directly or via proxies to enable IS to prosper.  

 

1.2 Regional/Local Government/City Level 
 

It is important to acknowledge the role played by local/regional/city governments or 
authorities in facilitating IS engagement as noted by Yuan and Shi, 2009. According to Costa 
and Ferrão (2010) governments/authorities at these levels have seeded and enabled IS 
through the financing and recruiting of multi-disciplinary teams. The teams begin by 
evaluating potential synergies in a specific geographic place. Thereafter a monitoring 
process is provided which covers: resource oriented policies; economic, regulatory and 
voluntary instruments in resource management; mass flows of waste/by-products 
generated at a regional level; evolution of material flows consumed by companies in a given 
region; the number and characterisation of synergies established; the potential of IS in a 
given region; and funding mechanisms to support business collaborations in resource 
management (Costa and Ferrão, 2010, p.986).  
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In association with the findings at a national level described above there was evidence that 
regional authorities such as the Chamusca Municipality Government (CMG) acted directly 
as change agencies by convening meetings and organizing presentations from other actors 
such as the IST Technical University of Lisbon, experts from industry and representatives 
from national governmental agencies (Costa and Ferrão, 2010). Even when the Relvão Eco 
Industrial Park (REIP) was established the regional government continued to facilitate 
meetings and communications between a wide group of stakeholders including NGOs, 
investors, firms, universities, communities and national government. Costa and Ferrão 
(2010) note how regional government engagement extended to the organization of national 
level conferences for relevant audiences in order to promote IS. As a result, agencies 
(regional government) at this level have been central to engaging, motivating and 
developing strategies that result in synergistic activities. Moreover, it is important to 
reinforce the point made in D2.1 that this level of government acts as a powerful conduit 
and in certain countries this is particularly vital as national government 
regulation/legislation on waste may act as an unintended barrier to IS. By funnelling 
information upwards and downwards these types of blockages have been alleviated.  

More direct IS change agencies were presented in the study of Helsingborg where the city 
and municipalities owned the main energy and heat producer and waste treatment plant. 
Within the environs of the city was the Industrial Park of Sweden where various other 
companies were located, of these the prime one was Kemira Kemi AB that produced 
chemicals (Celander et al., 2013). Common municipal ownership had enabled synergies to 
develop, particularly as this structure provided extended timescales to realise the return on 
investment (ROI). Furthermore, hands on decision-making had provided a means of 
facilitating IS through the planning of the city and infrastructure. For example, south of 
Helsingborg was an area planned with specific ferry facilities, road, rail, telecommunications 
as well as district heating, gas and water. Another incentive was created by the municipal 
organisation which dictated where industries would be located spatially in order to promote 
IS (Celander et al., 2013).   

Both Korean and Japanese city authorities have been major drivers of symbiosis. Ulsan 
Metropolitan City was given a special status by the Korean National Government as already 
mentioned and had proactively promoted and nurtured activity in the Ulsan EIP with over 
700 companies within the Ulsan Industrial Complex. This resulted in over 70 symbioses by 
2006. Similarly, Kawasaki in Japan under the auspices of the Eco Town Program sponsored 
by the Japanese Government was instrumental in coordinating multiple symbiotic projects. 
These actions had the effect of widening engagement into the urban region involving 
municipal and other commercial waste exchanges (Mathews and Tan, 2011). 

Mirata (2004) noted that Regional Development Agencies (RDAs) also acted as change 
agents. Within the UK for example each of the nine regions had an RDA with the primary 
objective of generating and delivering a vision for economic growth and environmental 
regeneration. Each RDA sought to draw in continuous investment. Consequently, these 
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organisations have been highly supportive, including financially of IS development in their 
regions. Critics of RDAs cited by Mirata (2004), however, argued too little weight was given 
to environmental aspects in contrast to the economic elements of IS. 

 

1.3 Network/EIP Level 
 

Few of the case studies referred directly to the activities of actors at this level. However, 
agencies within the Suzhou Industrial Park (SIP) helped set up a successful EIP, this was a 
cooperative initiative between China and Singapore. This park had a broad spectrum of 
firms, many of whom were (and are) global players and more specifically IT manufacturers. 
The SIP team have sought to drive a “value chain completion strategy” in order to enable a 
broad network of companies to extend their collaborative activities, drawing other firms into 
the vicinity (Mathews and Tan, 2011, p.443). 

 

1.4 Intermediaries 
 

Entities that are formally acknowledged as intermediaries provided the most recognisable 
form of IS support. Promotion and support of IS by Intermediaries featured in many of the 
case studies - sometimes their intervention was focused on highly specific tasks such as 
locating suitable partners for particular forms of by-product usage, e.g. waste oils (Velenturf, 
2016). Similarly, the Italian National Agency for New Technologies, Energy and Sustainable 
Economic Development (ENEA) coordinated detailed and highly technical trials on poultry 
dejections for use in leather production with Spanish and Italian companies. 

At the opposite end of activity spectrum were examples such as the National Industrial 
Symbiosis Programme (NISP) in the UK, which was established and supported by the UK 
Government (Mirata, 2004), before direct funding was withdrawn. For example, the NISP 
operated in the Humber region (Velenturf, 2016) to establish a well-recognized model of IS 
(Mirata, 2004). As in other cases the NISP provided an in-depth and wide-reaching support 
process. This process is summarised as four stages: “awareness raising, data collection and 
analysis, implementation, and evaluation and on-going support” (Mirata, 2004, p.973).  

Mirata (2004) described in detail how intermediaries such as the NISP worked through a 
specific process where first off, the existing situation was mapped out in relation to the 
technological, economic, informational, organizational and any political factors that related 
to the case in hand. Next it assessed where shifts could be made, before undertaking 
detailed planning, that included identifying any barriers and developing strategies to 
overcome these. In the analysis part resource flows (e.g. water, energy and materials) as 
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inputs and outputs of firms were studied within a region in order to ascertain where the 
main emphasis of activity for the NISP and the firms involved had to be placed. Furthermore, 
these activities enabled a greater understanding of the objectives in relation to the use of 
resources such as ‘waste’ materials to establish synergies within a potential network, as well 
as to set a baseline from which future performance monitoring was conducted. 

For the informational part the NISP focused on establishing where there were 
complementarities between potentially synergistic firms, this involved the generation of 
detailed knowledge of each parties’ capacities and their needs. In the Humber case study, a 
review narrowed down onto the connection of a combined heat and power (CHP) unit and 
a chemical feedstock bundle on opposite sides of the river Humber. By product steam from 
the CHP was of considerable value as an input to the energy intensive chemicals firms to 
form the “Humber Bundle” (Mirata, 2004, p.973). In another example described below 
related to Diageo there was a need to understand that the firm was paying high costs to 
dispose of waste through conventional routes. Based upon the knowledge generated a set 
of synergistic links could be devised, which included both easy to identify and more obscure 
linkages of in and out-puts, in addition to a set of specific logistical, processing and 
managerial needs to realise the collaborative efforts. 

Technological information was another strand of key interest in the NISP coordination 
approach. This was required in order to ascertain whether alternative technologies were 
required, and most importantly more environmentally sustainable processes developed - 
the need to constantly uplift the environmental gains underpinned all NISP activities, 
particularly as this was not commonly of primary importance to many firms in comparison 
to the economic benefits. Within the NISP role regulatory support and information of market 
movements were provided to assist firms. Another strand of the NISP’s role was to prepare 
organisations in order for them to self-help and accelerate the shift in their operations, and 
actively search for new opportunities once the NISP’s work on setting up the synergistic 
linkages had been completed. However, Murata (2004) added that there was a fundamental 
need for coordinating bodies to be enmeshed in the networks.  

Intermediaries such as the NISP played a key role in establishing a conducive institutional 
situation within a region, having identified potential parties, by providing information and 
opportunities where collaborative conversations could begin (raising awareness or 
advancing existing scenarios). In certain instances, this was done face to face through, for 
instance introductory workshops as in the Humber region industrial symbiosis programme 
or via digital platforms. In both formats the purpose was to develop a shared understanding 
and the objectives and ultimately the commitment to advance symbiotic relationships. Part 
of the benefit of the NISP with its multiple regional set up was the ability to look beyond the 
firms within a region to other bodies including regulators/policy makers and sources for 
financial support. See Mirata (2004) for a highly detailed account of the NISP’s activities in 
relation to the three case studies of Humberside, the West Midlands and Mersey Banks in 
the UK.  
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The NISP featured in several other case studies including one located in Northern Ireland. 
In this case Michelin the tyre manufacturer approached the NISP initially to achieve a 
corporate target, which was to divert production waste from landfill. The NISP experts 
analysed with the Michelin team 36 separate waste streams many of which were complex 
to recover and recycle, others were beyond the original tyre scope; these included process 
and catering waste. The NISP team then searched for potential synergies using an 
opportunity mapping tool and the SYNERGie Management System, an on-line project and 
data management tool. Alongside these tools the team used existing contacts in the NISP 
network to identify potential recipients, and using their technical knowledge provided 
support in order to solve the complex problems that the Michelin waste posed. As a result, 
the NISP facilitated multiple synergies, and managed for example to divert carbon black to 
a composter, talcum powder contaminated with plastics to a minerals processing company 
to be recover the talcum and recycle the plastics, and mixed steel and rubber waste to a 
separating company (Laybourn, 2013). It was evident from this case study that the NISP 
composed of a multi-disciplinary team of experts, enabled multiple synergic collaborations 
to start-up.  

Another case study provided insights into synergic realisations between the firms Diageo 
and Maltwood and the expertise of the NISP. Experts at the NISP were invited initially to 
locate more economic hessian sacks as packaging for Maltwood’s firewoods and they 
identified a Diageo waste stream. Later their role proved more pivotal as the sacks needed 
to be reclassified by the Scottish Environment Protection Agency as by-product; the NISP 
team provided the coordination and communication conduit for this to occur (Organisation 
for Responsible Business, n.d.).  

Classically the work of the NISP as intermediaries followed a set of stages from the outset 
to completion of any synergistic engagement with a firm or network of firms (Invest 
Northern Ireland, n.d.). As already described in relation to NISP (Mirata, 2004) these began 
with an ‘idea stage’ where organisations were identified with waste or redundant resources, 
in addition to potential for synergies. From this a list of possible synergies was analysed, 
either from an existing database or via contacts with knowledge beyond the database. The 
next element was termed a ‘discussion stage’ when any organisations identified as a result 
of the previous stage were introduced and invited to discuss how to investigate the potential 
viability of a synergy. Then the ‘negotiation stage’ began between the organisations with 
the help of the intermediary, whose role was to solve any problems in order to initiate the 
synergy - from the Diageo and Maltwood case above it was evident that the intermediary 
was critical in progressing IS. The ‘implementation stage’ commenced next, frequently from 
the case studies trials would be established and completed. A formal agreement was then 
reached between the synergy parties, and the flow of resources started. For the NISP (and 
other intermediaries) the role continued with a ‘completion stage’. Within this the IS 
intermediary would verify data on for instance cost benefit, CO2 reductions, landfill 
reduction/saving, job creation and the investment generated.  
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This final stage was key as it provided information that could be used to further promote IS, 
and this was important in helping to bring parties that may have been hesitant or even 
unconvinced into considering synergistic relationships. Additionally, it was valuable in 
feeding upwards to governments/authorities at all levels in order to maintain momentum in 
terms of policies, and support (such as funding) for the intermediary.  

One important point identified in relation to the NISP is the fact that a uniform process 
across regions was driven, in addition as already stated to its role in providing a lateral 
channel for knowledge, which encouraged cooperation between regions (Mirata, 2004). 
However, Mirata (2004) also noted that there was not a single approach that could be 
applied to all situations as each was highly context dependent.  

Mirata (2004, p.980) summarised the beneficial role of intermediaries that operated 
regionally at a national level as:  

• Identifying synergic opportunities in and between regions. 
• Performing analyses that regional parties may not be interested to perform in short 

run, but of considerable importance, including analysing environmental profile of 
developments. Thereby using means that go beyond solely economic considerations 
and making use of promising concepts such as exergy. 

• Helping to identify technological bottlenecks applicable to wider group of national 
actors and thereby sending right signals to technology developers. 

• Providing feedback from wider group of programmes involving diverse activities and 
thus assisting policy development with better guidance. 

Laybourn (2013) added to this list of attributes: 

• Efficient use of expertise (don’t have to replicate)  
• Identification of trends and problems  
• Strategic targeting of resources  
• Rapid dissemination of best practice  
• Rapid take-up of innovation and technologies  

Overall from this section it was evident that there was a vital coordination and 
communication function that intermediaries provided to firms (as well as to central 
government and other stakeholders including regulators and financial bodies) which 
garnered greater support for IS not only nationally but internationally. At the end of this 
report we return to make some concluding remarks. 
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1.5 Knowledge Agencies 
 

Activity was particularly prevalent at this level in a number of the case studies and it was 
evident that there were differing roles played by the various actors. Important knowledge 
agencies included universities, and Costa and Ferrão (2010, p.968) from the Technical 
University of Lisbon summarised their contributions in the Chamusca case study as: being 
members of the network design team; providing Material Flow Analysis (below is an example 
of such activity); by-product or waste matching; functioning as informational and decision 
tools developers - in addition to uncovering linkages; undertaking economic/environmental 
analysis of linkages and reporting synergies. By actively participating this university team 
helped to reshape the Chamusca Local Government strategy for development of the region.  

From the research conducted by Dong et al. (2013) of the city of Liuzhou, which was denoted 
as a ‘typical heavy industrial city’ in southern China, policy recommendations for city 
authorities were developed with important implications for accelerating the development 
of eco-cities. These related to the need for robust urban waste recycling systems and also 
for media promotion to activate officials and industrialists with low awareness of IS.  

More specific quantification methods were used to assess the environmental performance 
of a biofuel industrial symbiosis network in Handelo, Sweden. Calculations from each 
exchange within the network enabled the benefits each firm derived as a result of symbiotic 
activity to be partitioned. This provided individual firms with information with implications 
for subsidies, tax, the communication of environmental performance, planning for further 
system improvements - and the ability to seek further strategic relationships with other 
businesses (Martin, 2015). 

The University of Bari Aldo Moro is a further example that played a critical role by 
understanding the constraints to IS within the Taranto Provincial Industrial District in Italy 
(Notarnicola, Tassielli, & Renzulli, 2016). The university was commissioned by the local 
government to conduct firstly an explorative study to identify existing material and energy 
exchanges. Most exchanges occurred between large firms in the area. Thereafter, the focus 
shifted to understanding which sectors and firms could be potential players in the symbiotic 
network. The overarching objective was to highlight how Industrial Symbiosis could 
contribute to the solution of the environmental issues, as well positively impact upon each 
firms’ costs. At that stage, companies were minimally involved in the data gathering and 
feedback-providing activities as the main aim was to sensitise them to IS, while 
demonstrating the feasibility and profitability of cooperative efforts. Part of this 
demonstration included a quantification of both effective waste exchanges, in addition to 
ineffective or missed exchanges of energy and other by-products. Another major role played 
by the university research team revolved around identifying barriers. In this case as already 
described in D2.1 it was found that entrepreneurs acted as blockers as they focused 
intensively on running and developing their ’businesses as usual’.  
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Detailed understanding of social barriers was also unearthed by researchers in the Bussi sul 
Tirino (Abruzzo Region-Italy) study (Taddeo, Simboli, & Morgante, 2012). Local community 
members and other stakeholders in the region, based on their past experiences created 
blockages towards the implementation/ expansion of IS. By providing these forms of 
knowledge, the university teams enabled more effective interventions/policies and 
incentives to be developed.  

The methodology adopted by knowledge agents is important in helping to expand IS, may 
seem tangential, but as already discussed in D2.1 trust and confidence acts as a key enabler 
when recruiting newcomers and engaging other stakeholders in IS.  

Returning to the Taranto case (Notarnicola, Tassielli, & Renzulli, 2016), initially the 
researchers collected and analysed environmental and economic data of various sectors, 
this was then filtered to identify the major firms in the area, before detailed data on energy 
and waste was analysed. This step enabled a current picture to be generated in preparation 
for the modelling of alternative scenarios. The researchers geographically mapped the 
Taranto province capturing all the large firms, such as the Ilva steelworks, as well as smaller 
satellite actors. By splitting materials from energy in their analysis and developing a flow 
map, the research team could understand the current state using secondary research of 
scientific literature, in preparation for determining what options would provide the greatest 
potential for future symbiotic exchanges.  

Other studies had used a similar approach for instance of Kalundborg and Ramona, whereby 
wastewater and waste heat could be utilised for domestic heating in the Taranto province. 
A further beneficial method that emerged from this study was the use of face-to face 
interviews by knowledge agents (in this case researchers) to derive a richer understanding 
of the blocks to wider IS in Taranto. Interestingly Notarnicola, Tassielli and Renzulli (2016) 
noted the need for highly skilled specific intermediaries to unlock the business as usual 
paradigm. This underpinned the findings earlier on why intermediaries were fundamental 
to driving IS.   

Direct impacts by universities (in tandem with other supporting agencies such as NGOs) 
were further evident in the Heidelberg industrial estate and the Rhine-Neckar Region in 
Germany (Adamides and Mouzakitis, 2009). Here symbioses were initiated by a university 
research project, which sought to test if Kalunborg style symbiosis was feasible in other 
locations. In a similar fashion, symbiotic activity within the Landskrona region (Sweden) was 
catalysed by researchers from the International Institute for Industrial Environmental 
Economics (IIIEE) at Lund University, in association with other knowledge agencies and 
representatives from local firms Adamides and Mouzakitis (2009) through their study of the 
Heidelberg Industrial Estate, Kalunborg and the Landskrona region similarly identified the 
link between the role of knowledge agencies and that of innovating new technologies. These 
technologies helped to drive more profound advances in IS rather than advancing purely 
through small incremental steps. Hence these agencies managed not only the flow of 
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knowledge but provided socio-technological systems. This linking role was critical as IS was 
principally predicated in many cases through to understanding of the limits and possibilities 
of technologies. 

Evidence of the direct relationship between research institutes and the acceleration of IS 
was found in the case study of a zinc and tin smeltery located in south-west China. 
Experimentation and innovation were undertaken by researchers of the Department of 
Environmental Science and Engineering, Tsinghua University and the State Key Laboratory 
of Pollution Control and Resource Reuse, Nanjing University with the support of Guangxi 
Institute of Metallurgy to reconfigure the production system in collaboration with engineers 
from the smeltery (Yuan and Shi, 2009). As previously mentioned, the managers of this state 
owned smeltery were part of local government and a virtuous circle operated between 
various change agencies including the Chinese Government which was clearly valuable in 
hastening IS practices.  

Strong links between Chinese businesses and research institutes/universities were 
developed according to Yang and Feng (2008) as many did not have the in-house research 
resources that were required to develop the new technologies needed for symbiosis. The 
resolution of technical challenges was essential in order for companies to participate in IS 
as revealed in the case of the Nanning Sugar Company Ltd.  

In addition to the innovation role of universities revealed above, where the researcher had 
conducted action-research (as Mirata, 2004) into synergistic linkages both rich 
understanding and objectivity came to the fore. From another case, through the 
involvement of Costa and Ferrão’ (2010) there was continuous monitoring of stakeholders’ 
interventions, which resulted in the dissemination of timely information at multiple levels. 
Both of these examples provided the foundations for IS to prosper not only in the specific 
context but through academic dissemination to wider audiences globally. Best practice 
examples as already discussed in D2.1 of this report generated greater confidence in IS. 

Mirata (2004) and Costa and Ferrão (2010) also underlined the role of agencies beyond 
universities in the form of business associations that helped to accelerate IS development. 
These associations offered guidance that was delivered in a timely fashion. The BCSD-UK 
that operated in the Humberside region (Mirata, 2004) provided a useful example of an 
association that helped ignite IS activity. The BCSD-UK was actively supported by IIIEE (Lund 
University) who were their academic partner. The associations functioned as change agents 
by offering overarching information on optimal organisational structures and social 
requirements; in addition to highly specific assistance such as matchmaking companies, 
developing and promoting networks, hosting information exchange platforms, monitoring 
activities and mentoring and mediating for IS (Costa and Ferrão, 2010, p. 968).  

From the study of the Kwinana Industrial Area in Australia there was more evidence of the 
role of associations. In this instance the Kwinana Industries Council (KIC), a self-supported 
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business association with membership drawn from the Kwinana Industrial Area (KIA), played 
a vital role in establishing 47 synergies between 22 firms in 2005 (Mathews and Tan, 2011).  

What was revealed from the case studies as a result was that there were change agencies 
independent of government support that allowed for an autonomous approach to IS at a 
more localised level.  

 

1.6 Firm Level 
 

1.6.1 Formal Change Agents 
 

One particularly insightful case in terms of the role of internal change agents was that of AB 
Sugar’s British Sugar. This case study depicted what started as internal symbiosis before 
developing to IS with external companies (Short, Bocken, Barlow and Chertow, 2014). 
British Sugar’s entire workforce was encouraged to have “waste nothing mind set” that 
generated new ideas for extracting value from waste (Short et al, 2014, p.613). The 
organization also had a formal innovation team that took these ideas and developed them. 
These two ideas provided useful insights into the process used by British Sugar; the first 
was for CO2, which was produced as a by-product of sugar beet processing. The CO2 was 
utilised internally to develop an organic tomato growing business and then externally 
through a partnership with Air Liquide. The second idea was to use bio-waste as feedstock 
into a biofuel set-up called Vivengo Biofuels that was developed through a joint venture 
with BP and Dupont. Short et al. (2014) identified specific features that contributed to the 
evolution of IS within British Sugar. These were the use of a development road map and the 
non-silo structure of the organisation. The later allowed for ease of communication and 
cooperation between the various parts of the business. Interestingly the term industrial 
symbiosis was not used in British Sugar.  

Within the Nanning Sugar Company study (Yang and Feng, 2008), were other insights of the 
vital role of internal change agents, i.e. management enabling IS through the adoption of 
the strategy: “Stopping sugar-refining to pulping and reducing costs and improving 
efficiency by merging six into one” - in effect there was radical restructuring of what were 
previously six affiliated companies to align all production processes into two major “eco-
industrial chains: cane→ sugar-refining→ turning molasses into alcohol→turning alcohol 
slops into compound fertilizer→ using compound fertilizer when planting cane; cane→ sugar 
refining→bagasse→ pulping→ paper-making.” Thereafter six accessory eco-industrial 
chains were added: “paper-making→ recovery of white water→ pulping and paper-making; 
pulping→ recovery of alkali→ pulping; lime sludge→ cement; coal ash→ concrete hollow 
blocks; filter sludge→ compound fertilizer→ using compound fertilizer when planting cane; 
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bleaching wastewater from pulping process→ boiler (desulphurization and dust collection)” 
(Yang and Feng, 2008, p.815).  

Both examples above highlighted the role of effective and innovative management within 
organisations as they had macro control of all internal elements such as administration, 
planning, production organisation, sales and the use of wastes and the uses of profits. As 
well as the ability to partner with other companies or start-up, acquire or divest subsidiaries. 

 

1.6.2 Informal Change Agents  
 

Costa and Ferrão (2010) made references to Kalundborg and the impact of informal 
networking between managers and employees, which then led to connecting with the local 
government. The local government began a process of offering support allowing synergistic 
exchanges to prosper. More specifically Danish legislation on waste is controlled at a local 
government level and the social interactions between the managers and authority teams 
enabled local negotiations to occur. This had a beneficial impact as it allowed the firms to 
have more flexible conditions in contrast to having to follow unbending legislation on waste 
and emissions.  

Arguably the Managing Director of a local company who volunteered to become the acting 
project leader of a project advisory group in the West Midlands industrial symbiosis (WISP) 
programme was instrumental to driving activity. His position and leadership skills 
encouraged multiple firms to engage with the programme such that even before active 
recruitment had begun twenty firms from a wide variety of sectors had become actively 
involved (Mirata, 2004). Thus, he was an informal rather than a formal change agent, and 
this revealed the power that informed or enthusiastic individuals with a keen interest in 
more sustainable approaches in industry exert.  

  

1.7 Summary 
 

We can now offer some concluding remarks from the findings from the twenty-five case 
studies analysed both in deliverable D2.1 and within this section.  

Firstly, it is clear that there are multiple agencies in governments and authorities at various 
levels, intermediaries, knowledge agencies and individual agents who all act in various 
capacities coordinating and accelerating IS.  

In China, national and regional government and indeed city authorities demonstrate the 
powerful leverage they exert by mandating and actively managing IS activities to ensure 
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compliance with the National Circular Economy Law. We now understand that in the China’s 
case the government is actively working to develop more symbiosis. Simultaneously in 
China there are agencies that operate at the level of an EIP and individual firms. Thus, we 
see a top down and bottom up approach, which is allowing China to potentially advance at 
greater speed that more fragmented approaches deliver elsewhere.  

For other governments, we argue there is action by proxy as in Korea and Japan and in the 
UK when the government directly funded the NISP. From all of these cases it is clear for IS 
to accelerate rapidly national governments need not only a clear, comprehensive and 
ongoing engagement policy but a Minister and proper department/body that is accountable 
for delivering to specific and stretching targets.  

At other levels the control of facilities for instance with cities and municipalities appears 
highly effective as a mechanism to engage existing, attract other and establish new 
organisations with symbiosis at the core of their strategy. Helsingborg offers a prime 
example of this approach. 

Knowledge agencies including universities and research institutes, and business 
associations play a prominent, but we would argue under recognised role. These 
organisations not only hold but generate substantial knowledge and coordinate multiple 
symbiotic efforts globally. Their role is three-fold in relation to Scaler. First, they have the 
ability to identify and work on highly technical aspects, including the radical innovation of 
technologies. Secondly, they offer knowledge of the social conditions that are imperative 
for IS to thrive, particularly where there is no or little existing IS in a location. Thirdly, they 
feed knowledge upwards to government/authorities to effect policy/regulation change – 
simultaneously for academic institutions through the dissemination of knowledge derived 
through the examination of existing practice, they help seed and cement IS activity. 

Further, we acknowledge the part played by both formal and informal agents within firms, 
and this we suspect is not sufficiently recognised as an important mechanism. This brings 
us to our final and overarching point. Overall, we propose through this study that there is a 
need for comprehensive structures at multiple levels that are synchronised, to be 
established in each country. These should be fully funded by national governments. These 
will allow for the dynamic development of IS networks driven by on-going support and 
interventions that flow in succession. 
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2. Facilitating industrial symbiosis for 
SMEs: anecdotal evidence from 
Gauteng, South Africa1 

 

This section brings an additional perspective on facilitated industrial symbiosis programmes 
(FISPs) to the SCALER project, and to the general understanding of the role of facilitating 
actors in IS. 

Since the emergence of positive results from the UK’s National Industrial Symbiosis 
Programme (NISP), stakeholders across government, academia and industry have been 
turning to facilitated industrial symbiosis programmes (FISPs) as a way to address 
sustainable industrial development goals. Despite the growing interest in FISPs, there has 
been only limited research on the process of its facilitation. Based on anecdotal evidence 
from Gauteng, South Africa, University of Cambridge researchers proposed how to improve 
the process of introducing facilitated industrial symbiosis programmes (FISPs) to small and 
medium enterprises (SMEs) in developing countries (Oguntoye, Geissdoerfer, Nuwarinda 
and Evans, 2019).  

 

2.1 The Gauteng Industrial Symbiosis 
Programme 

 

Gauteng has been a leading industrial province in South Africa. The province, which spans 
over 17,000 km2, has a population of over 13 million and is home to a growing number of 
industries across different sectors Gauteng also hosts a significant share of South Africa’s 
manufacturing industry and is responsible for a third of South Africa’s GDP. Despite covering 
only about 1.5% of South Africa’s land area, Gauteng is estimated to generate 45% of the 
total municipal waste in the country. The province has 17 landfill sites, most of which are 
now nearing full capacity. In its efforts to promote resource efficiency and waste 
minimisation in Gauteng Province, the South African National Cleaner Production Centre 

                                                      
 

 

1 This study was first published in: Olamide Oguntoye, Martin Geissdoerfer, Henry Nuwarinda & Steve Evans 
(2019) Facilitating industrial symbiosis programmes in developing countries: reflections from Gauteng, South 
Africa, Development in Practice, 29:1, 115-121, DOI: 10.1080/09614524.2018.1527289 
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(NCPC-SA) launched the Gauteng Industrial Symbiosis Programme (GISP) in 2014. GISP was 
commissioned and funded by the South African Department of Trade and Industry and was 
described as a “free facilitation service which uses an internationally proven industrial 
symbiosis approach to enhance business profitability and sustainability” (NCPCSA 2015, p.3) 
 

2.2 The process of facilitating FISPs 
 

The first major activity conducted under GISP was a business opportunities workshop in 
November 2014. The workshop attracted 32 businesses and helped to unveil 250 potential 
resource exchange opportunities for the participants (International Synergies, 2015). Since 
then, three more workshops have been held, the latest one in September 2016. Each 
successive event witnessed greater participation from industry as well as an increase in the 
number of potential opportunities for resource exchanges, otherwise called synergies. The 
programme runs for three years and its target is to produce 40 actualised synergies and 
300,000 tons of landfill waste diversion annually.  
 
GISP is a classic case of FISPs being currently run in developing countries. In this context, 
the major stakeholders include the implementing organisation (NCPC-SA in this case), the 
technical partner (International Synergies Ltd), the funding agency (South Africa’s 
Department of Trade and Industry), industry participants, as well as other supporting 
organisations (the Ekurhulani Municipality, Green- Cape, the Gauteng Provincial 
Government, and the Centre for Scientific and Industrial Research).  
 
 

 

Figure 1 - Stages of a facilitated industrial symbiosis programme 
(Source: Oguntoye et al., 2019) 

 

Stage 1

Recruitment

• Which companies 
should be recruited in 
order to yield the largest 
number of synergies?

• Which are the best 
channels for recruiting 
companies?

Stage 2

Workshop

• What is the most 
effective tool/technique 
for exchange of 
information between 
participants at FISP 
workshops?

• How do we exploit 
higher-order synergies?

Stage 3

Follow-up

• How to best allocate 
limited resources to the 
follow-up activities?

• How can we ensure the 
long-term sustainability 
of the industrial 
symbiosis process, i.e. 
without further input 
from facilitators?
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Facilitated industrial symbiosis programmes could play a key role in achieving the UN 
Sustainable Development Goals. As FISPs spread from places such as Gauteng to other 
regions of sub-Saharan Africa and the developing world in general, it is critical to reflect on 
the experience of the pioneering cases. Furthermore, such cases can provide important 
insights for initiating and implementing IS in regions with no prior history of IS. In particular, 
how to mobilise and organise SMEs in IS programmes. Six key questions that could guide 
research on best practices and improvement of FISPs and could begin a chapter of 
conversation on FISPs were proposed (Figure 1). 

The full Gauteng FISP study can be found at: https://bit.ly/2SoFSHN. 

 

3. Expert enquiry on industrial 
symbiosis results 

 

The SCALER project carried out an expert enquiry on adopting IS in Europe in May-July 
2018. The enquiry was intended for businesses and practitioners involved in various stages 
of IS implementation - from emergent to fully implemented - in all sectors. We invited 
international IS experts to share their experience.  

The survey questionnaire was designed to inform multiple tasks in WP2 and WP3 and 
contribute to deliverables D2.1, D2.2 and D2.3, respectively. In this report, only responses 
to questions that inform the present deliverable (D2.2) are analysed and presented. 
Seventeen respondents representing twelve sectors and eight countries participated in the 
expert enquiry. The results of the survey data analysis concerning the role of intermediaries 
and enabling technologies for IS are presented next. 

 

3.1 Have you worked with facilitating actors to 
identify and implement resource synergies? 

 

Most participants in the survey have worked with facilitating actors in order to identify and 
implement resource synergies. 

https://bit.ly/2SoFSHN
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Figure 2 - Engagement with intermediaries 

 

3.2 What has been the main role of the 
facilitating actors? 

 

Co-ordination, provision of knowledge and facilitation were the predominant roles of 
intermediaries reported by the respondents. 

 

Figure 3 - Roles of facilitating actors 
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3.3 Did you have to invest in a new technology 
in order to implement the resource synergy? 

 

Most survey participants have had to invest in a new technology in order to implement 
resource synergies. 

 

Figure 4 - Investment in new technology 

3.4 What type of technology did you use to 
implement the resource synergy?  

 

IT Technology: Process control systems; online platform with geo-referred data; knowledge-
based system; digital marketplace; ECO-OS online application; planning tools (via existing 
SAP framework). 

Non-IT Technology: Water treatment (Reverse Osmosis, Ion Exchange); recycling 
equipment; gasification; renovation of facilities - synergistic treatment of sludge and 
domestic waste in cement kilns; CCU and power-to-x; waste disposal; belt conveyors and 
waste distributors (to waste containers); microbiological load reduction technology; 
disinfection of the sludge to become compliant with the law. 
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4. Enabling technologies for industrial 
symbiosis 

 

In this section, we present a set of enabling technologies identified through the analysis of 
the 25 case studies selected in deliverable D2.1, as well as through recommendations from 
industry and academic experts and the IS literature.  

We performed a qualitative review and curated a list of technologies, which were considered 
central to the implementation of IS in the reviewed cases, as well as emerging and cutting-
edge technologies. We summarise the key benefits and provide sources for further 
exploration by industry users in Table 1. The aim was to establish a diverse technology 
dataset based on published evidence and information available in the public domain for 
exploitation by IS industry experts. 

It should be noted that this list of technologies is not exhaustive and further work is being 
developed in SCALER WP3 to identify, categorise and assess enabling technologies for the 
most promising 100 cross-sectorial synergies.  

 



 
 
 
 

 
 
 
 

Table 1 - Enabling technologies for IS 

Technology Description Potential Benefits Source 

Appia Energy: bubbling 
fluidised bed technology for 
refuse-derived fuel (RDF) 
energy production. 
 
Edison power stations: thermal 
electric co-generation power 
stations. 

Appia Energy: The fluidised bed 
system optimises RDF energy 
conversion by enhancing the 
combustion environment; a fuel 
particle is completely 
consumed in a matter of 
minutes. 
 
Edison power stations: use 
exhaust gas from ILVA to 
produce electricity and steam. 

Appia Energy: The fluidised bed 
system allows full control of 
RDF combustion and pollutants 
removal so that the most 
stringent emission limits stated 
by National and European 
legislation can be complied 
with. 

Taranto industrial district in the 
Puglia region, Italy: 
 
http://www.sciencedirect.com/science/article/pii/S
095965261600233X 
 
http://www.simbiosiindustriale.it/Simbiosi-
Industriale/pubblicazioni/experiences-of-
industrial-symbiosis-in-italy-proceedings-of-
conferences-promoted-by-enea-at-ecomondo-in-
2012-2013-and-2014 
 
http://www.appiaenergy.com/tecnologia_en.html 
 
http://www.seas.columbia.edu/earth/wtert/sofos/n
awtec/nawtec09/nawtec09-0004.pdf 
 

Ambigroup Reciclagem S.A. 
(plastics recycler): SOREMA 
washing plant and EREMA 1514 
TVE with Double Disc, Air Flush 
Module and Laserfilter.  
 
ECODEAL (CIRVER): Soil 
decontamination unit uses 
biopiles. Contaminated 
packaging recovery unit has 
two flushing lines and a plastic 
packaging grinding line. 
Organic waste treatment unit 
uses physical and chemical 
processes including 
centrifugation, gravity 

Ambigroup Reciclagem S.A.: 
SOREMA washing plant 
removes most of the sand, soil, 
grass and straw that sticks to 
the films, EREMA 1514 TVE 
removes any remaining 
contaminants (including 
aluminium contaminants) and 
copes with a high and 
fluctuating degree of moisture.  
 
ECODEAL: biopiles promote the 
biodegradation of 
hydrocarbons in the soil 
through microorganisms. 
Organic waste treatment 

Ambigroup Reciclagem S.A.: 
very good and stable pellet 
quality, Double Disc and Air 
Flush Module increase drying 
performance, capacity and 
plant service life, plus they 
reduce energy consumption. 
 
CIVTRHI: Microwave treatment 
technology - effective 
destruction of pathogens, does 
not produce liquid effluents, 
gases or odours, allows 
Industrial and Quality Safety 
targets to be met. Incineration 
technology - allows waste 

Relvão Eco Industrial Park, 
Municipality of Chamusca, 
Portugal: 
 
http://www.sciencedirect.com/science/article/pii/S095965
2610001071 
 
https://www.ecodeal.pt/en/ 
 
https://zenodo.org/record/1164587/files/International%20
survey%20on%20eco-innovation%20parks.pdf 
 
https://www.erema.com/en/success_stories/IDobj=1337 
 
https://somosambiente.com/residuos-tratamento 
 
 

http://www.sciencedirect.com/science/article/pii/S095965261600233X
http://www.sciencedirect.com/science/article/pii/S095965261600233X
http://www.simbiosiindustriale.it/Simbiosi-Industriale/pubblicazioni/experiences-of-industrial-symbiosis-in-italy-proceedings-of-conferences-promoted-by-enea-at-ecomondo-in-2012-2013-and-2014
http://www.simbiosiindustriale.it/Simbiosi-Industriale/pubblicazioni/experiences-of-industrial-symbiosis-in-italy-proceedings-of-conferences-promoted-by-enea-at-ecomondo-in-2012-2013-and-2014
http://www.simbiosiindustriale.it/Simbiosi-Industriale/pubblicazioni/experiences-of-industrial-symbiosis-in-italy-proceedings-of-conferences-promoted-by-enea-at-ecomondo-in-2012-2013-and-2014
http://www.simbiosiindustriale.it/Simbiosi-Industriale/pubblicazioni/experiences-of-industrial-symbiosis-in-italy-proceedings-of-conferences-promoted-by-enea-at-ecomondo-in-2012-2013-and-2014
http://www.simbiosiindustriale.it/Simbiosi-Industriale/pubblicazioni/experiences-of-industrial-symbiosis-in-italy-proceedings-of-conferences-promoted-by-enea-at-ecomondo-in-2012-2013-and-2014
http://www.appiaenergy.com/tecnologia_en.html
http://www.seas.columbia.edu/earth/wtert/sofos/nawtec/nawtec09/nawtec09-0004.pdf
http://www.seas.columbia.edu/earth/wtert/sofos/nawtec/nawtec09/nawtec09-0004.pdf
http://www.sciencedirect.com/science/article/pii/S0959652610001071
http://www.sciencedirect.com/science/article/pii/S0959652610001071
https://www.ecodeal.pt/en/
https://zenodo.org/record/1164587/files/International%20survey%20on%20eco-innovation%20parks.pdf
https://zenodo.org/record/1164587/files/International%20survey%20on%20eco-innovation%20parks.pdf
https://www.erema.com/en/success_stories/IDobj=1337
https://somosambiente.com/residuos-tratamento
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separation, stripping and 
evapo-condensation. Physical 
and chemical treatment unit 
uses chemical reactions such as 
oxidation-reduction, 
neutralisation, precipitation; 
followed by physical processes 
such as the rupture of 
emulsions, decantation or 
filtration. 
 
CIVTRHI (Integrated Centre for 
Energy Enhancement, Recycling 
and Treatment of Hospital, 
Industrial and Animal Waste): 
Microwave treatment 
technology - disinfection at an 
elevated temperature, 
integrated grinding. Autoclave 
technology - automatic steam 
sterilisers, decharacterisation 
by grinding. Incineration 
technology - static furnace 
pyrolysis and gasification 
technology with two primary 

processes are used to separate 
the organic fraction (sent to co-
incineration), solid fraction 
(sludge) and aqueous fraction. 
Physical and chemical 
treatment processes separate a 
useful effluent from a sludge 
which retains the contaminants. 
 
CIVTRHI: Microwave treatment 
technology - homogenous 
mixture of residues. 
Incineration technology - 
effective heat treatment of 
waste. 

incineration legal requirements 
to be met and compliance with 
the Best Available Techniques 
Reference Document on Waste 
Incineration. 
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and secondary combustion 
chambers 

Asnaes power plant: 200,000 
m3 buffer basin. Flue gas 
desulphurisation. 

Asnaes power plant: Buffer 
basin pools and recycles 
wastewater from the power 
plant, wastewater from the 
refinery, and drain water from 
the surrounding fields. 

Asnaes power plant: Buffer 
basin extends the time frame 
between water intake and final 
discharge, allowing the reuse of 
the same secondary water 
several times, thereby reducing 
the intake of water of differing 
levels of quality. 

Kalundborg, Denmark: 
 
http://www.sciencedirect.com/science/article/pii/S095965
2608000814 
 
http://www.symbiosis.dk/en/ 
 
http://web.a.ebscohost.com/ehost/pdfviewer/pdfviewer?vi
d=1&sid=716a6c07-3546-4bd2-9015-
b721aab7eabb%40sessionmgr4007 

RDF CHP plant: RDF CHP plant 
has one incineration line, with a 
conventional grate furnace and 
a heat-recovery boiler. The flue 
gas treatment system consists 
of a quench, gas conditioning 
(with active coal and hydrated 
lime) and fabric filter.  
The CHP plant includes two 
auxiliary boilers. Controlled MP 
extraction in the condensing 
steam turbine uses two air-
condensers. 

RDF CHP plant: The two 
auxiliary boilers are 
permanently in a stand-by 
status. The main air-condenser 
serves the LP steam flow of the 
turbine, while the second one is 
used in case MP steam is not 
required by the paper mill. 

RDF CHP plant: Configuration 
(incineration line, flue gas 
treatment system) allows the 
emission limits to be respected.  
The two auxiliary boilers 
guarantee the steam supply to 
the paper mill (coping with 
sudden stops of the 
incineration line, as well as 
possible steam shortfalls). The 
two air-condensers ensure 
continuous operation. 

Spremberg, Germany: 
 
http://www.enea.it/it/pubblicazioni/pdf-
volumi/ExperiencesofIndustrialSymbiosisinItaly_Pr
oceedings.pdf 

Bio-treatment technology: 
PoDe (Poultry Dejections) Bio-
Treatment performed according 

Bio-treatment technology: 
Produces a substitute input for 
the bating phase of the leather 

Bio-treatment technology: The 
patented process speeds up bio 
oxidation processes, deodorizes 

PODEBA project, Italy and Spain: 
 
http://www.enea.it/it/seguici/pubblicazioni/pdf-
volumi/ExperiencesofIndustrialSymbiosisinItaly_Pr
oceedings.pdf 

http://www.sciencedirect.com/science/article/pii/S0959652608000814
http://www.sciencedirect.com/science/article/pii/S0959652608000814
http://www.enea.it/it/pubblicazioni/pdf-volumi/ExperiencesofIndustrialSymbiosisinItaly_Proceedings.pdf
http://www.enea.it/it/pubblicazioni/pdf-volumi/ExperiencesofIndustrialSymbiosisinItaly_Proceedings.pdf
http://www.enea.it/it/pubblicazioni/pdf-volumi/ExperiencesofIndustrialSymbiosisinItaly_Proceedings.pdf
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to the European patented 
process “A process for maturing 
and stabilizing biomasses under 
reduction of smelling 
emissions” with a slightly 
modified patented formulate. 

tanning cycle. The patented 
formulate is added to dried 
manure directly inside 
bioreactors. The manure 
matures in the bioreactors for 
at least for 120 days by means 
of static batch processes. This 
results in deodorized and 
sanitized poultry manure (DPM) 
for use as a bating agent. 

the final product and ensures 
sanitary conditions. The slightly 
modified patented formulate 
solved the olfactory issue. Each 
tonne of DPM used as bating 
agent prevents the use of 0.3-
0.6 tonnes of ammonium 
sulphate. Wastewater load is 
also reduced during the bating 
phase. 

 
http://translationportal.epo.org/emtp/translate/?A
CTION=description-
retrieval&COUNTRY=PT&ENGINE=google&FORMA
T=docdb&KIND=E&LOCALE=en_EP&NUMBER=131
4710&OPS=ops.epo.org/3.2&SRCLANG=pt&TRGLA
NG=en 

Information management tool 
developed by MEBC. 

Information management tool: 
Systematic data collection 
interface that can be accessed 
on the internet to enable data 
gathering, management and 
sharing. 

Information management tool: 
Can shorten the time and 
reduce the effort required of 
the companies to provide the 
data, accelerate the data 
gathering process for the 
project coordinators, give the 
flexibility for updating data, and 
allow the companies to access 
certain parts of others’ data. 

West Midlands industrial 
symbiosis programme, UK:  
 
http://www.sciencedirect.com/science/article/pii/S
0959652604000848 
 

 
 
 
Pyrolysis of agro-residues 
targeting biochar production. 

A pyrolysis–biochar system 
applied to an olive 
farm in symbiosis with a 2-
phase olive mill. In a closed-
loop pyrolysis–biochar system, 
the obtained 

Olive farming is a significant 
economic activity in the rural 
territories of Mediterranean 
countries, where small family-
owned groves still exist 
operating an olive mill for virgin 

Olive-grove farm in the 
Mediterranean area: 
 
https://www.sciencedirect.com/science/article/pii/S
2211464514000888 

 

http://www.sciencedirect.com/science/article/pii/S0959652604000848
http://www.sciencedirect.com/science/article/pii/S0959652604000848
https://www.sciencedirect.com/science/article/pii/S2211464514000888
https://www.sciencedirect.com/science/article/pii/S2211464514000888
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biochar is directly returned to 
the same land that provided the 
feedstock 

olive oil extraction. The system 
can operate off-grid, thus 
creating a complete stand-
alone decentralised bio-energy 
system. The biochar can be 
recycled in the same olive grove 
from which pruning are 
derived and used as a soil 
amendment to improve the 
physical–chemical and 
microbiological fertility of soil. 
The system’s performance can 
be the key to rearrange the 
management of the entire farm 
and strictly associated activities 
and as an agricultural practice 
is in line with the principles of 
sustainable farming. 

SYNERGie®4.0 -  
Resource Mapping and 
Synergies online tool (in 9 
countries) to record 
resources/make matches 
developed by International 
Synergies. 

A bespoke ICT resource 
management database and 
platform, enabling 
organisations globally to reduce 
cost, risk and environmental 
footprint through efficiently 
identifying resource reuse 
opportunities 

Integrated mapping of 
resources to prioritise local 
sourcing and reuse 
opportunities. Advisor guides 
characterisation of resources 
for reuse and recommends 
opportunities based on 
machine learning (AI). Internal 

International Synergies (former 
NISP): 
 
 
http://www.endustriyelsimbiyoz.org/wp-
content/uploads/2013/02/industrial-symbiosis_uk-
nisp-and-global-experience_31.01.2013.pdf 
 
https://www.international-synergies.com/what-we-
do/synergie40/ 

 

http://www.endustriyelsimbiyoz.org/wp-content/uploads/2013/02/industrial-symbiosis_uk-nisp-and-global-experience_31.01.2013.pdf
http://www.endustriyelsimbiyoz.org/wp-content/uploads/2013/02/industrial-symbiosis_uk-nisp-and-global-experience_31.01.2013.pdf
http://www.endustriyelsimbiyoz.org/wp-content/uploads/2013/02/industrial-symbiosis_uk-nisp-and-global-experience_31.01.2013.pdf
https://www.international-synergies.com/what-we-do/synergie40/
https://www.international-synergies.com/what-we-do/synergie40/
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and supply chain KPI reporting 
aligned with stakeholder 
requirements. External data set 
upload for system pre-
population.  

Contemporary smeltery  

The updated system includes 
six completely new subsystems: 
(1) indium metal concentration 
and refining system; (2) vitriol 
production system; (3) zinc 
powder production system; (4) 
extend zinc products system; 
(5) copper and cadmium 
separation system; (6) cement 
production system. Other 
systems were also redesigned 
so as to be consistent with the 
new system or reuse/recycle 
the wastes, which cover: (1) 
return the dust from dust-
collection processes to boiling 
process and leaching operation; 
(2) return part of vitriol 
produced to indium 
concentration system; (3) 
return most wastewater or 

The most important benefit of 
the updated system is the 
improvement of environmental 
performance. Almost 
all the sulphur dioxide, ten 
thousands of residues, and 
millions of cubic wastewater 
were reused or recycled, which 
make the whole facility much 
cleaner than before. 
Wastewater or intermediate 
water in indium concentration 
and extraction can be returned 
to leaching unit of zinc smelting 
system. 

State-owned smeltery in South-
west China (one of the three 
biggest manganese ore 
exploration and exploitation 
companies in China): 
 
https://www.sciencedirect.com/science/article/pii/S
0959652609001127 

 

https://www.sciencedirect.com/science/article/pii/S0959652609001127
https://www.sciencedirect.com/science/article/pii/S0959652609001127
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intermediate water to the 
system. 

Steam network 

Using residual heat from a 
waste-to-energy incinerator, 
steam is produced and supplied 
to a chemical plant with high 
energy costs. The unique 
aspect of this project is that the 
incinerator increased the value 
of incineration heat through 
steam networking, even though 
it has already been using the 
steam for its internal power 
use. For the expansion of steam 
networking, the incinerator 
even changed the design of a 
new boiler that was being built 
to incinerate an additional 250 t 
of municipal solid waste (MSW) 
per day.  

An IS that couples an energy 
facility to an industrial facility 
through steam sharing can be a 
viable business model not only 
for the incinerator, but also for 
the partnering business. The 
revenue generated or cost 
saved through the steam-
sharing symbiosis, in turn, has 
an indirect influence on the 
competitive advantage of 
participating entities. This 
energy sharing generated direct 
economic benefits for both 
facilities and indirect benefits in 
broader respects by improving 
the quality of life of Ulsan 
residents. 
 

Ulsan Eco-industrial Park: 
 
https://erefdn.org/wp-
content/uploads/2015/05/Park-and-
Park_JIE2014_Securing-a-competitive-advantage-
through-IS-development.pdf 
 

HIsmelt 

The world’s first commercial 
800,000 tonne/yr direct 
reduction iron-making plant 
(HIsmelt). This technology 
provides a simpler and more 

The environmental benefits for 
this new technology will be 20% 
reduction of carbon dioxide 
(CO2), 40% reduction of 
nitrogen oxides (NOx), and 90% 

Kwinana, Australia 
 
https://sswm.info/sites/default/files/reference_atta
chments/VAN%20BEERS%20et%20al%202007%20
Industrial%20Symbiosis%20in%20the%20Australia
n%20Mineral%20Industry.pdf 
 

https://erefdn.org/wp-content/uploads/2015/05/Park-and-Park_JIE2014_Securing-a-competitive-advantage-through-IS-development.pdf
https://erefdn.org/wp-content/uploads/2015/05/Park-and-Park_JIE2014_Securing-a-competitive-advantage-through-IS-development.pdf
https://erefdn.org/wp-content/uploads/2015/05/Park-and-Park_JIE2014_Securing-a-competitive-advantage-through-IS-development.pdf
https://erefdn.org/wp-content/uploads/2015/05/Park-and-Park_JIE2014_Securing-a-competitive-advantage-through-IS-development.pdf
https://sswm.info/sites/default/files/reference_attachments/VAN%20BEERS%20et%20al%202007%20Industrial%20Symbiosis%20in%20the%20Australian%20Mineral%20Industry.pdf
https://sswm.info/sites/default/files/reference_attachments/VAN%20BEERS%20et%20al%202007%20Industrial%20Symbiosis%20in%20the%20Australian%20Mineral%20Industry.pdf
https://sswm.info/sites/default/files/reference_attachments/VAN%20BEERS%20et%20al%202007%20Industrial%20Symbiosis%20in%20the%20Australian%20Mineral%20Industry.pdf
https://sswm.info/sites/default/files/reference_attachments/VAN%20BEERS%20et%20al%202007%20Industrial%20Symbiosis%20in%20the%20Australian%20Mineral%20Industry.pdf
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flexible iron-making route that 
avoids the use of coke ovens 
and sinter plants from the 
standard blast furnace 
production route.  

reduction of sulfur oxides (SOx) 
compared to blast furnace steel 
production. 

Kwinana Water Reclamation 
Plant (KWRP) 
 

A water reclamation plant that 
produces 6 GL/yr premium 
quality industrial process water 
from tertiary treated 
wastewater. Joint initiative of 
the water utility company 
(Water Corporation) and the 
Kwinana industries (e.g., pig 
iron plant, industrial chemical 
producer, pigment plant, oil 
refinery, and cogeneration 
plant).  
 

Achieves the double benefit of 
greater overall water efficiency 
and reduced industrial 
wastewater discharges into a 
sensitive marine environment. 
The low TDS level (total 
dissolved solids) enables the 
process plants to cut chemicals 
use in cooling towers and other 
process applications, which 
reduces metal loads in their 
effluents. In exchange for 
taking water from the water 
reclamation plant, the 
industries will be able to 
discharge their treated 
effluents into the deep ocean 
outfall (about 4 km off the 
coast) through the pipeline of 
the water utility company, 
thereby eliminating process 

Kwinana, Australia 
 
https://sswm.info/sites/default/files/reference_atta
chments/VAN%20BEERS%20et%20al%202007%20
Industrial%20Symbiosis%20in%20the%20Australia
n%20Mineral%20Industry.pdf 

 

https://sswm.info/sites/default/files/reference_attachments/VAN%20BEERS%20et%20al%202007%20Industrial%20Symbiosis%20in%20the%20Australian%20Mineral%20Industry.pdf
https://sswm.info/sites/default/files/reference_attachments/VAN%20BEERS%20et%20al%202007%20Industrial%20Symbiosis%20in%20the%20Australian%20Mineral%20Industry.pdf
https://sswm.info/sites/default/files/reference_attachments/VAN%20BEERS%20et%20al%202007%20Industrial%20Symbiosis%20in%20the%20Australian%20Mineral%20Industry.pdf
https://sswm.info/sites/default/files/reference_attachments/VAN%20BEERS%20et%20al%202007%20Industrial%20Symbiosis%20in%20the%20Australian%20Mineral%20Industry.pdf


 
 

 

 
 

 
 
 
 

SCALING EUROPEAN RESOURCES WITH INDUSTRIAL SYMBIOSIS 
  

31 

water discharges to the 
sensitive coastal area. 

Organic Rankine Cycle (ORC) 

ORC is a cross-sectorial 
technology for Waste Heat 
Recovery Systems (WHRS), 
applicable in a number of 
sectors as iron & steel, non-
ferrous metals, cement, glass, 
etc. 

The technology fosters an 
estimated potential turnover of 
8 B€ and potential reduction of 
6 Mt of CO2 emitted annually in 
the European Union. 

Cementi Rossi plant, Piacenza, 
Italy: 
 
http://www.tasio-h2020.eu/ 
http://www.whaves.eu/the-project/?lang=en 

 

iRecovery® 

The new Consteel Evolution® 
combined with Tenova 
iRecovery system, is able to 
recover the thermal energy 
present in the dirty fume 
coming from the Electrical Arc 
Furnace and generate steam. 

The new iRecovery® system will 
deliver thermal energy to the 
Italian city of Brescia heat 
district grid during winter time 
(10 MW) and will feed an ORC 
turbo-generator to produce 
electric energy for Ori Martin’s 
internal use. The steel plant will 
have a saving on fuel 
consumption with a consequent 
reduction in CO2 emissions of 
approximately 10,000 t/y. 

Brescia, Italy: 
 
https://www.youtube.com/watch?v=ApBnI4_WSxo 

 

Carbon2Chem® 

Using emissions from steel 
production as raw material for 
chemicals. Utilising surplus 
energy from renewable sources 
in the process. 

Carbon2Chem® is using the 
gases from the steelmaking 
process as a raw material for 
chemical production. Among 

Essen, Germany: 
 
https://www.thyssenkrupp.com/en/carbon2chem/#
421127 

 

http://www.tasio-h2020.eu/
http://www.whaves.eu/the-project/?lang=en
https://www.youtube.com/watch?v=ApBnI4_WSxo
https://www.thyssenkrupp.com/en/carbon2chem/#421127
https://www.thyssenkrupp.com/en/carbon2chem/#421127
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other things this reduces CO2 
emissions. 

LanzaTech gas fermentation 
process 

Utilising the CO from blast 
furnace gas to produce ethanol 
in a gas fermentation process 
using acetogenic microbes 
(Clostridium 
autoethanogenum).  

A new approach to reduce CO2 
emissions while producing low 
carbon liquid fuels and 
chemicals. 
The process for ethanol 
production at the steel mill in 
Ghent makes use of a 
technology developed by 
LanzaTech, whereby gases 
produced during the chemistry 
of steel production are 
fermented by microbes that 
secrete ethanol. 

Skokie, IL, USA: 
 
http://www.arpae-
summit.com/paperclip/exhibitor_docs/14AE/Lanza
Tech_Inc._131.pdf 
 

Ghent, Belgium: 
 
http://www.steelanol.eu/en 

 

PowerCore 

Sunfire's key technology for the 
production of steam 
electrolysers (solid oxide 
electrolyser cells, SOECs) and 
high-temperature fuel cells 
(solid oxide fuel cells, SOFCs). 

It can be used to convert 
electrical energy into chemical 
energy as well as to convert 
various liquid and gaseous fuels 
based on hydrocarbons (natural 
gas, LPG) into electricity and 
heat 

Dresden, Germany: 
 
https://www.sunfire.de/en/products-and-
technology 

 
 

Cleaner-by-Design™ chemical 
processes for the production of 
chemicals and clean fuels 

Exelus has developed a first-of-
a-kind process to convert 
virtually any type of non-edible 
biomass, from corn stover to 

The process chemistry is very 
different from other 
approaches and offers many 
benefits. Some of the benefits 

Fairfield, NJ, USA: 
 
http://www.exelusinc.com/biofuelsunderstand.sht
ml 

 

http://www.arpae-summit.com/paperclip/exhibitor_docs/14AE/LanzaTech_Inc._131.pdf
http://www.arpae-summit.com/paperclip/exhibitor_docs/14AE/LanzaTech_Inc._131.pdf
http://www.arpae-summit.com/paperclip/exhibitor_docs/14AE/LanzaTech_Inc._131.pdf
http://www.steelanol.eu/en
https://www.sunfire.de/en/products-and-technology
https://www.sunfire.de/en/products-and-technology
http://www.exelusinc.com/biofuelsunderstand.shtml
http://www.exelusinc.com/biofuelsunderstand.shtml
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sawdust to prairie grasses, into 
a clean, environmentally 
friendly “Bio-naphtha” a 
paraffinic hydrocarbon similar 
to fossil-based light naphtha.  

of this process include 1) 
Unique, highly selective 
chemistry, 2) Aqueous-phase 
processing, 3) High carbon 
retention in the product, 4) 
Most of the feedstock energy is 
retained in the product, 5) 
Engineered heterogeneous 
catalysts used in each step, 6) 
Minimal separation and 
distillation required, 7) Product 
is compatible with existing 
infrastructure, and 8) Modest 
reaction conditions keep capital 
costs low. 

Emissions-to-Liquids (ETL) 

ETL technology consist of five 
process modules: 1) CO2 
capture and clean-up; 2) 
Hydrogen generation; 3) 
Compression; 4) Methanol 
synthesis; 5) Methanol 
purification. 

Renewable methanol is an 
advanced fuel for transport and 
greener substitute for 
conventional methanol, 
produced from fossil resources, 
providing benefits for the 
economy and the environment. 

Iceland: 
 
http://www.carbonrecycling.is/innovation1/ 
 
https://static1.squarespace.com/static/56926c5023
99a318016c5ed8/t/5a9420cf9140b7427f6f22d2/15
19657172809/Technology-overivew.pdf 

 

http://www.carbonrecycling.is/innovation1/
https://static1.squarespace.com/static/56926c502399a318016c5ed8/t/5a9420cf9140b7427f6f22d2/1519657172809/Technology-overivew.pdf
https://static1.squarespace.com/static/56926c502399a318016c5ed8/t/5a9420cf9140b7427f6f22d2/1519657172809/Technology-overivew.pdf
https://static1.squarespace.com/static/56926c502399a318016c5ed8/t/5a9420cf9140b7427f6f22d2/1519657172809/Technology-overivew.pdf
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