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Outline
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• Different IS models, benefits and limitations

• Challenges and the systems approach 

• Discoveries, systematization, knowledge enablers

• Proposed systems approach

• Real-life application domain

• Ontology engineered application

• Knowledge acquisition and support

• Prototype system impementation

• Work in progress and future applications



Industrial Symbiosis: what is it?

• The use of waste streams as resources to other industries 
(materials, energy)

• Essential part of Industrial Ecology

• Closed life cycles

• Material flows

• Energy flows

• Differences from recycling

• Often preferred over recycling

• Long recycle paths

• Expensive footprints

When and how it has been used so far?



Closed operational models

• City of Kalundborg (1995)
• Fixed background: Kemira, Statoil, Asnaes

Power, Gyproc Novo Nordisk

• M$120 profits; Energy to 20,000 homes
• Significant investment (M$60)
• Long paypack times 9 (over 15yr)



Open operational models

• Source-to-sink model 

• Failure attributed as

• Regional aspects are key for success

• Trade complexity beyond conventional 

models (e.g. ebay)

� Europe: collaborative 

projects with national and 

local authorities

� UK - National (NISP)

� Rest of Europe: regional



Benefits from open models (NISP, UK)
• Participation: 

• 9,300 companies, 12 regions, 12,000 transactions/yr

• Economic benefits:
- Revenues & sales – €167,5 million 

- Cost savings – €106,8 million

• Social benefits
• Regional investment - €82 million

• New jobs – 3,000

• Environmental benefits:

• CO2 emissions reduction : 4.4 mt

• Savings of virgin material: 6.2 mt

• Water savings: 9.22 million tons

• Diverted waste from landfill: 3.39 million tons

• Diverted toxic from landfill: 350, 000 tons



Limitations of current state

• Synergy accomplished through 
• brute force investigation, 

• serendipitous discovery and organized workshops 

• Use of knowledge 
• Intuitively dependent on practitioners' ability

• No modelling of tacit knowledge

• Manual handling of large amount of data
• waste, technology, industries and logistics

• Difficult to apply in rapidly increasing 
industrial diversity

• Limited participation of SMEs



Challenges and the systems approach

• Complex representation for concepts and properties

• Multiple descriptions of material and energy flows

• Significant amount of tacit knowledge (technologies, chemistries) 

• Multiple roles of participants

• Unstructured information from different sources

Instead, one should

• Formalize system components and knowledge

• Synergies to produce as a matching process to optimize a 

selected criterion with degrees of freedom 

• Sources and sinks 

• Technologies available



Why semantics and ontology engineering?

• Fuzzy descriptions of systems components

• Material/energy streams: fuzzy & multiple descriptions (e.g. 

wood, biomass, sludge, scrap paper/ metals; biofuels, solid 

fuels)

• Technology enablers: fuzzy, incomplete links with sources 

and sinks (not a process flowsheet!)

• Challenges on integration

• Primal data, text, background knowledge (chemistries, 

technologies, supporting material)

• Challenges on knowledge representation:

• Aside best practice a significant potential to discover latent 

matches



Outline of proposed approach

• Collection and storage of background data

• Real-life project, 1,500 industries, > 500 technologies and 

>4,000 streams

• Ontology engineering

• Represent systems components: 

• Internal data: material and energy streams, roles, technologies 

• External data: knowledge enablers, enabling technologies, text 

reports (e.g. best practice reports) 

• Implementation: assist 

• Industries to find matching partners

• Regions to develop and embrace technologies



(a) Domain and background data



Internal and external data
• RSE (Viotia): largest industrial region

• Internal data

• Material flows

• Waste stream specs

• Locations

• Secondary data

• Context description

• Inspection audits

• Commercial profile

• External data

• Technologies

• Knowledge base

1,500 production facilities

4,500 waste streams

Focus on solids



Internal primary and secondary data



External data: best practice

• Resources
• published and free accessible data

• Primal target site: NISP (UK)
• About 300 cases in text form

• http://nisp.org.uk/case_study_index.as
px

• Challenge: 

• translate cases into sharable knowledge

• Build components compatible with 
reference data



External data: enabling technologies

• Different resources 

• e.g. LCI db with 700 entries

• High quality data, still very different perspective from IS



(b) Ontology engineering



Ontology engineering

• System representation, domain vocabulary

• Classification, class hierarchy, properties of classes

• Tackling heterogeneity 

• Use of ontologies 

• Workflows, service description, matching process

• Storing relevant data/information/knowledge

• Reasoning and automation

• Modelling, populate with instances

• implicit and explicit knowledge, knowledge in machine-

understandable format

• relations in domain of discourse
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Basic classification



Establishing vocabularies
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Ontologies on workflows (registration)

• Information is translated into a semantic service description 
framework  (OWL-S)

• Every user will be an instance of the OWL-S ontology 

• provides a way to describe the services offered or required by the 
users. 

• has been modified to incorporate properties related to the IS 
resources, used for matching



Capturing knowledge from best practice

• Use of linked-objects

• Translated as properties to appropriate concepts



Technology blocks

• Technologies: enablers of matches

• Not readily available from external resources

• Input/output high-level representation 

• Material and energy flows

• Cost/economics

• Environmental indicators

• I/O irrelevant to IS match rather than the exact chemical 

substances involved



Technology repository

� About 500 processes available for storage



Reasoning and technology integration



Industrial matching



How about strategic decisons?



Example: Potential to use pyrolysis

What is the potential to set up a pyrolysis unit in 
the region?

• Input: plastics, biomass, MSW among others

• Output: oil, biogas, biochar/coal

But, 

• what is the local market for
• Coal?

• Gas?

• Fuel oil?



Use of technology units
• Preliminary search indicates

• 206 types of industries that use and could possibly 

replace it with 

• 196 processes that use and could 

possibly replace it with 

• 45 processes that use and could possibly replace it 

with 

• 51 processes that use and 

could possibly replace it with 

• Input/output models provide indicative flows, however, 

opportunities depend on specific capacities, locations and 

specific demands



(c) Implementation and 

decision support 



Integration steps and results

• Industries
• Links with SIC codes, short text descriptions, number of companies

• Locations
• Translated into long/lat locations, link with GIS system for visualization

• Materials
• Material description (some available, still not stored)

• Pre-processing and post-technologies
• Bottom-up approach: as driven by Viotia streams

• Top-down: as available by technology providers and engineering teams

Viewing data from within the platform…



Industrial activities and sectors

• Industrial codes (SIC)

• Industrial sectors (chemicals, steel etc)



Locations, geographical distributions

• Towns Counties and municipalities (Δ. Πλαταιών, Δ. Θηβών)



Presentation and profiles of industrial sectors

• Regional statistics

• Population of companies around selected locations



Preparing for matchmaking services

• Distinction between Individual and related sites

• Matchmaking tacit knowledge
• Best practice and track-record: sharing world experience on 

symbiosis

• Rules and analytics: assessing matches in the context of specific 
input and requests

• General principles
• the more and the better quality of the input (from a company to 

the system), the more relevant and detailed the output 
(matchmaking recommendation)

• Information to be provided in stages, scarcely in one stage

• Default output at zero input
• Track record of applications

• Semantics and analysis from technology models



When only input is best practice …

• The company (ORG-6) based in Orchomenos (Ορχομενός) enters the 
system with a view to assess Industrial Symbiosis potential 

• Available is the 
• industrial activity of the company and 

• the distribution of industrial sectors in the geographical vicinity



Locating potential partners
• Promises use best practice with similar industries

• Sorted by 

– distance from member

– Industrial activity

– Linked with specific case studies



Work in progress and future work

• Work in progress

• Development and integration

• Advanced service layers 

• Dissemination in the regions

• Build communities

• Open repository of models

• Export new paradigm of Industrial Symbiosis 
worldwide, including feedback back UK!

• Future work

• Targeted applications (e.g. ports)

• Embrace societies and small-scale municipal activities 
(e.g. smart cities)

• Be-spoke applications (e.g. Middle East)



Thank you for your attention


