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INTRODUCTION – OPENING REMARKS 
 
Welcome from Claus Steen Madsen, Kalundborg Kommue, Denmark 
 
I’m very pleased to open this research symposium.  On behalf of the Board of Directors 
of the Industrial Symbiosis Institute of Kalundborg, I welcome you and I hope you find 
this to be an inspiring situation.  Especially, we are pleased that this symposium is held in 
Kalundborg in 2009, the year when Denmark will host the 15th Climate Summit in 
Copenhagen in December.   
 
Representatives of the Danish government often visit Kalundborg.  These official guests 
are very impressed when we introduce them to the results of industrial symbiosis. They 
suggested that these Kalundborg initiatives be used in a greater context, for example, for 
export.  To the question of whether the industrial symbiosis in Kalundborg can be used as 
a model in Denmark as well in other countries, the answer is yes.  The concept can be 
used any place provided that sufficient conditions are present. 
 
The Kalundborg model is a bottom-up model driven by a will to cooperate.  To spread 
industrial symbiosis as a concept, companies should integrate the ideas and carry them 
through development.  The Kalundborg municipality is very aware of our role as a 
facilitator for development and innovation within the climate and energy sector.  
Industrial symbiosis is one of the opportunities to showcase this and an annual 
conference on this issue is one of the possibilities.   
 
By the end of this month, we no longer have a director of this institute.  Mr. John Kryger 
has been chairman of the organizing committee of this institute.  I’d like to thank him and 
also  Prof. Marian Chertow from Yale University who has taken the initiative for a 
number of the symposia.   
 
Welcome from Marian Chertow, Yale University, USA 
 
I want to welcome you and also thank you and John, both from Kalundborg, for this 
wonderful meeting.  It seems like there are a lot of people who are interested in industrial 
symbiosis.  Going back to 2004, we sponsored the first Industrial Symbiosis Research 
Symposium in New Haven at Yale. Every year, the meeting is growing.  The second year 
we were in Stockholm and the third year we were in Birmingham in the UK.  We finally 
made it to Canada—Toronto—two years ago, and last year Peter Lowitt bought us to 
Devens, Massachusetts.  Now finally, we have an Industrial Symbiosis Research 
Symposium (ISRS) in Kalundborg, the “Center of the Universe.“  
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We always hold the meeting around the time of the ISIE meeting or the Gordon Research 
Conference.  Many of you have been to one of these famous industrial ecology meetings.  
A characteristic of these meetings is that many papers are presented, but there is not a lot 
of time to talk and interact.  In contrast, one of the goals of the Symposium is to create 
more time for discussion and reflection so we have shorter talks and fewer papers just to 
stimulate our thinking and to make sure that we’re taking on the mission of interacting.  
Here, we try to be very egalitarian: Ph.D. students are equal to senior professors and 
everyone should participate on an equal basis. That is an important value we share 
because it is an important part of building a community.   
 
So with those ground rules in place, let me say that something exciting will happen this 
year to build more community.  We created a new section of the International Society of 
Industrial Ecology, specifically devoted to members who are interested in industrial 
symbiosis and eco-industrial development.  Peter Lowitt, the chair of the section, will talk 
about this more later in the meetng. 
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COUNTRY AND REGIONAL REPORTS – AROUND THE WORLD 
 
Report from Guillaume Massard, Switzerland 
There are 4 separate IS projects ongoing; a tool has been developed for planning—related 
to material flows—as a way to help determine where to locate new plants. Industrial 
ecology (IS specifically) is being used as a strategy for regional development. 
 
Report from Andreia Minulescu, Czech Republic 
Her group looks at industrial parks as social systems and is working to find the 
quantifiable added value for industries—measured in knowledge. The group is  currently 
combining autopoiesis and industrial ecology as a field of study. 
 
Report from Albena Bossilkov, Australia 
Gladstone, Queensland – industries do not show much commitment to keeping the 
project going. 
Port Melbourne – needs water synergies; have potential to expand development; may 
adopt the Kwinana model. 
Geelong, Victoria – synergy identification tool applied; since 2007, two large companies 
have closed; the remaining firms are unable to meet the government requirement for 50% 
matching funds. 
Brisbane, Queensland – in 2008 investors showed interest in establishing a Greenfield 
EIP and using the CRSP tool to analyze the mix of companies that would be needed to 
achieve zero waste objectives; funding ceased but there are hopes for further 
development.  
Whyalla– the largest industrial area in southern AU has suddenly put all projects on hold. 
Kwinana - is now 10 years old. There are 18 completed pre-feasibility studies in the 
hands of the companies for evaluation; 3 of these projects look very promising. At 
present the major focus in on water and one of the projects is investigating the application 
of evaporative and desalination technologies to treat industrial effluent.   
Centre for Sustainable Resource Processing (CSRP) - funding will cease in June 2010. 
The inorganic project has stopped and only the evaporative water technology pre-
feasibility study is currently ongoing. 
 
Report from Pauline Deutz, United Kingdom 
Pauline attended the symposium with Qiaozhi Wang, a PhD candidate at the University 
of Hull, working on research on how industrial symbiosis contributes to sustainable 
development via eco-industrial park developments. 
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Peter Lowitt, USA  
Alabama, Texas, Chicago and Kansas City all have ongoing projects; the economic 
stimulus plan holds some promise of further funding. News from Pennsylvania will be 
given during the later presentation by Matthew Eckelman. 
 
Leonard Mitchell, USA 
USC Center of Economic Development – working on the design of zero-waste industrial 
parks -  one for California and one for the east coast. 
 
Megha Shenoy, India 
Just finished research where she found 11 symbiotic networks during interviews; many 
people use agricultural residues as a fuel source; she will follow-up with a study of the 
consequences of swapping coal by agri-residues. Recycling networks are very informal, 
which makes it difficult to trace the flow of materials once they leave the factory; there is 
also a need to investigate the health implications. 
 
Inêz Costas, Portugal 
Currently a PhD candidate. Working to develop some eco-industrial networks made up 
primarily of SMEs, oriented toward waste management. Later she plans to follow-up with 
EU waste directives. Her goal is to help government create instruments that motivate the 
creation of industrial symbiosis, for example, an organized waste market. 
Inêz also is working on a database that is tracking waste management and will be used to 
track potential synergies. RESIST is a program applying IS concepts to the study of 
urban resilience.  
 
Leo Baas, Erasmus and Linköping  
From Rotterdam (NL), Leo reports ongoing IS projects including shrimp farms.  There is 
a coupling of CO2 emissions to greenhouse production from the Shell refinery; eventually 
all greenhouses will be connected. Another project on district heating systems, also 
dependent on Shell, is not going well due to lack of support. The greenhouse project has 
taken precedence and this has disrupted the IS network and partners for the past two 
years.  In March 2009, a biomass network was started. 
From Linkoping (S), Leo reports that he will start in the autumn as a professor of 
industrial ecology for the department of Environmental Technology and Management and 
that he is becoming acquainted with the well-connected people there. At the regional 
level, he would like to achieve renewable energy systems; convert household waste to 
energy with plants that make biomass and bio-energy products; the university is 
promoting regional stations that pump bio-diesel fuel. 
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Professor Hung-Suck Park, South Korea 
Professor Park reported on the EIP initiatives taking place in South Korea – for more 
background see http://www.indigodev.com/korea_eip.html.  He presented slides of the 
Ulsan and Onsan national industrial parks. He reported that South Korea is treating EIP 
development as a business model.  
 
Gemma Cervantes, Mexico 
Gemma reported that IE in México started with an IS initiative (a By-Product Synergy 
demonstration Project) in Tampico (Tamaulipas) and now there is an IS development and 
also some Eco-industrial initiatives. IE and IS actors in México now are mainly: 
CESPEDES (The Centre for Sustainable Development of the private sector), AISTAC 
(the Industrial Association that developed the BPS in Tampico), IPN (National Technical 
Institute) and NISP-Mx (National Industrial Symbiosis Program in Mexico). Thirty-two 
research projects were identified. The first two students who developed final projects in 
IE and that have finished their degree are working in the field, one in NISP Mexico and 
the other one in CESPEDES. A website from the research group (IERG) on IE, called 
GIEI, has been created with IE contents in Spanish (www.giei.org). Every year one or 
two eco-industrial workshops are organized by IPN and AISTAC. In 2008, the 4th eco-
industrial workshop in Mexico was held in Tampico in November with assistance from 
industry, government and academia. 

http://www.indigodev.com/korea_eip.html�
http://www.giei.org/�
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PRESENTATIONS AND DISCUSSIONS 
 

1. The Clean Development Mechanism and Industrial Symbiosis (Kristian Brüning, 
Climate Wedge Ltd., Helsinki, Finland) 

 
Kristian Brüning is a founding executive of Climate Wedge Ltd, an independent firm 
providing carbon finance and emissions trading related advisory and asset management 
services, and pursuing principal investments and project development in the carbon 
markets.  Kristian is a seasoned carbon market expert who has built a very strong 
understanding of energy corporate finance, carbon finance and emissions trading during 
the last 10 years through positions in corporate climate change strategy consulting, 
emission reduction project development and carbon fund advisory.  He has worked with 
numerous industrial and financial sector clients such as BP, Rio Tinto, Toyota, Wärtsilä, 
Cheyne Capital Management and CalPers, as well as with McKinsey & Company and 
CSIRO on carbon-related issues. Prior to founding Climate Wedge Kristian was an 
assistant director at PricewaterhouseCooper’s climate change team in its energy corporate 
finance practice in London. Kristian holds an M.Sc (Intl. Econ) from Hanken in Helsinki 
and is certified financial analyst by the European Federation of Financial Analysts’ 
Societies (EFFAS). 
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Discussion 
 
Matthew Eckelman, Yale University, USA – Almost none of the industrial symbiosis 
projects have been approved as CDM.  One of the big issues is how you share credits 
among different companies whereas most of the applications of climate change credits 
are on the basis of a single company and implementation of the project.   
Kristian Bruning, Climate Wedge Ltd Oy, Finland – U.S. is a different case, but I 
would not use Chicago Climate Exchange as the current driving force.  There are projects 
outside of the Chicago Climate Exchange using recognized methodologies either from 
the UN, California Climate Action Registry, Voluntary Carbon Standard or Gold 
Standard.  As for the issue of sharing credits, there can be several project developers if 
they want to and they gets credits from the UN whatever sharing scheme they agreed 
upon.   
Jørgen Christensen, JC consult, Denmark – Industrial symbiosis is a bilateral activity.  
How can a donor and a receiver agree on trying to apply for a CDM project together?  
We know how difficult it is to achieve an industrial symbiosis project and it seems to be 
even worse to achieve CDM projects. 
Kristian Bruning, Climate Wedge Ltd Oy, Finland – The UN is not interested in how 
credits are shared or maybe even developers.  There is no requirement of having 



22 
 

everyone in the process to be involved in the registration.  The project developer can be a 
third party.   
Gary Foster, NISP, UK – How do you capture the value of substitution to calculate the 
carbon footprint? 
Kristian Bruning, Climate Wedge Ltd Oy, Finland – That is challenging.  A contract 
requirement between sellers and buyers can guarantee that buyers are not going to 
monetize the reductions.  This technology can somehow be applied to those contexts.  
Contractual effect can be one approach for suppliers to get rights.   
Megha Shenoy, Resource Optimization Initiative, India – What is a methodology to 
monitor the realized benefits? 
Kristian Bruning, Climate Wedge Ltd Oy, Finland – First, you validate your project 
and then usually you need to verify it every year.  You need to have a third party to do 
that.  Once the credits are issued to the owner, there is no follow-up.  It is purely left to 
the contractual arrangements.  There are high sustainability methodologies under the 
Gold Standard.  They have specific requirements that you need to follow up on, for 
example, sustainable development indicators.   However, this does not apply to the CDM.   
Gemma Cervantes, Nat. Tech. Inst., Spain/Mexico – Do you know why the number of 
success cases is low? 
Kristian Bruning, Climate Wedge Ltd Oy, Finland – The collection system has not 
been effective.   
____________ - In one of the initial slides, you showed the diagram including some 
numbers.  What is it, is it grace period or period extension?  Is it some kind of limitation 
how many credits you can get?  
Kristian Bruning, Climate Wedge Ltd Oy, Finland – At the time of application, you 
have a choice of crediting period for 1 time in 10 years or 3 times in 7 years.  What 
happens after 7 years is that the baseline is reviewed.  It is not an automatic review.  That 
is the theoretical crediting period, but the real crediting period right now is up to 2012.  
So, if you start a project today, you know that you can get the credits until 2011 
Marian Chertow, Yale University, USA – How much money is earned in a  project at 
such as the Ulsan eco-industrial park? 
Kristian Bruning, Climate Wedge Ltd Oy, Finland – As a rule of thumb, in the case of 
a CO2 project, you would probably get 1 to 5% of the project returns.  The price of CO2 

today is 13 euros per ton.  Who gets the money is according to the financial arrangement 
between the parties involved.  You can get the money upfront, but the price would be 
much lower.  The money comes from industrial companies who are forced to meet the 
caps.  Marginal abatement cost in Europe is on average 35 euros per ton; Denmark 
probably 100 euros since a lot is already done; 10 euros from Brazil.   
Hung-suck Park, University of Ulsan, South Korea – One of the projects in Ulsan EIP 
reduces 100,000 tons of CO2 per year and they’re trying to increase investments to verify.  
Is it possible to register it as regional policy CDM? 
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Kristian Bruning, Climate Wedge Ltd Oy, Finland – Yes, and that would change the 
landscape completely.  Everything in the policy would be credited.  A sectoral policy-
based CDM certainly simplifies things a lot.  In fact, JI [Joint Implementation] already 
works that way.  National governments determine what is additional and they take credits 
out of the national cap.  I hope the system is going to move towards that. 
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2. Measurement of CO2 Emission Reduction from Industrial Symbiosis in Japanese 
Eco Towns (Tsuyoshi Fujita, National Institute for Environmental Studies, 
Tsukuba, Japan) 

 
Tsuyoshi Fujita is head of the Environmental Technology Assessment System Research 
section in National Institute for Environmental Studies (NIES).  He is also a professor in 
the Environmental Planning and Management Faculty of Engineering at Toyo University 
as well as a visiting professor of the Chinese Academy of Science’s Institute for Applied 
Ecology.  He received a Master’s degree of city planning at University of Pennsylvania 
and Ph.D. in urban engineering from Tokyo University.   
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3. Quantifying Energy and Environmental Benefits of Secondary Material Use in 
Pennsylvania (Matthew Eckelman, Yale University, New haven, USA) 

 
Matthew Eckelman is a doctoral student in environmental engineering and works with 
the Center for Industrial Ecology at Yale University.  His research examines the life cycle 
environmental impacts of complex industrial systems and the material requirements and 
constraints to sustainability in urban and island areas.  He is also part of a green 
engineering firm that consults with a range of businesses and organizations on 
environmental issues.  Prior to this, Matthew worked with the Massachusetts State 
Executive Office of Environmental Affairs and Design that Matters, a non-profit product 
design company, and was a Peace Corps science instructor in southern Nepal for several 
years.  He received his B.A. in physics and mathematics from Amherst College.  
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4. The Identification, Measurement, Reporting and Verification of Carbon Output in 
a Facilitated IS Network (Gary Foster, National Industrial Symbiosis Programme, 
Hampshire, UK) 

 
Gary Foster is a Regional Director for the National Industrial Symbiosis Programme 
(NISP), having worked in the programme for the last 2 ½ years.  He leads a team of 
practitioners covering the London, East of England and South East England regions.  
NISP specializes in identifying and facilitating attractive business opportunities that 
improve resource efficiency between organizations, and which also benefit the 
environment.   The programme has thousands of members across the UK drawn from 
many different industries, and has a strong focus in the construction sector.  It has a clear 
beneficial role to play in the current economic environment.  Before joining NISP, Gary 
worked at the South East England Development Agency and the Carbon Trust for 4 years 
as a regional manager, promoting and managing low carbon resource efficiency projects 
to businesses across the South East region.  He also has a background in international 
wind farm development, local authority energy management, and air engineering 
management from the Royal Navy. 
 
 

 



54 
 

 



55 
 

 



56 
 

 



57 
 

 



58 
 

 



59 
 

 



60 
 

 



61 
 

 



62 
 

 



63 
 

 



64 
 

 



65 
 

 



66 
 

 



67 
 

 



68 
 

 



69 
 

 



70 
 

 
                              
 
 
 
  



71 
 

Plenary Discussion for Presentation 2, 3, and 4 
 
Marian Chertow, Yale University, USA – I’d like to ask questions about the scale 
we’re dealing with here.  We have seen projects presented at four different scales: 
individual company (NISP), eco-park (Kawasaki Eco-town), the whole state of 
Pennsylvania (Matthew Eckleman) and a national program through NISP.  We’re also 
looking at quantifying benefits more than we have in other such meetings.  So, I guess 
my question is: are we looking at a very small piece of the pie? What makes us think 
industrial symbiosis is so important?  We stay on the quest for industrial symbiosis, but 
we do not yet know analytically the effect of industrial symbiosis.   
Gary Foster, NISP, UK – I think the great thing about industrial symbiosis and 
industrial ecology is that it is so flexible that it looks at different areas such as material 
savings, energy savings, or carbon savings.  Also, it is important to examine embodied 
energy savings.   
Matthew Eckelman, Yale University, USA – It is disappointing when the percent of 
savings is small, but I guess that is why the context is important.  Speaking from the point 
of view of Pennsylvania, it only saves 1% of primary energy, but when you compare it to 
the renewable energy sector, something that has been pushed heavily by policy-makers, 
you find the point of comparison.  It depends on what you compared to in the big picture.  
If you pick the right context, it would be more meaningful.   
Fujita Tsuyoshi, NIES, Japan – Sharing responsibility among stakeholders is key to 
realizing sustainability.  In the case of carbon emissions, industrial symbiosis shows the 
importance of embodied carbon emissions whereas many regions care about direct 
emissions.  So, industrial symbiosis shows how stakeholders should share costs including 
embodied carbon emissions.   
Cecilia Haskins, NTNU, Norway – (She mentioned the book, “the Medea hypothesis” 
by Peter Ward).  Even if the savings are small and they seem inconsequential, eventually 
these steps will add up and hit some breakpoint.  Industrial symbiosis is still positive and 
motivating.  Maybe we’re crazy, but it is a good crazy.   
Shi Han, Yale University, USA – In all three presentations, I can see the need for 
baseline setting.  Should we define a baseline based on common practice or by 
considering all virgin materials that are substituted for? The common practice approach is 
more convincing, but the virgin material approach is more ideal. 
Valdemar Christensen, Denmark – Do you have any advice to national planners about 
how they should plan future industrial areas, considering transportation and carbon costs? 
Fujita Tsuyoshi, NIES, Japan – It’s my key question: how we can share industrial 
symbiosis idea with planners.  If you make circular material flows within a short distance, 
you can reduce the carbon tax.  However, it is not that easy of a question.  Waste is 
different from crude/virgin materials and a company usually does not want to optimize 
distance for transporting waste.  Suburban or rural areas can be optimal locations for EIP, 
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but the location question is the one we should definitely discuss.  Now we need different 
type of planning for symbiotic industrialization beyond modern planning during the 
industrialization era.   
Gary Foster, NISP, UK – Transportation is critical to the viability of industrial 
symbiosis.  For example, construction materials, as a rule of thumb, do not move farther 
than 30 miles. This is the local characteristic of heavy construction materials.  High value 
materials can move farther.   We don’t quite have a handle around it fully, but we have 
committed research that is going to address the impact of transportation on symbiotic 
relationships.   
 
Liddy Karter, Industrial Symbiosis Capital, USA – I’m pretty new to industrial 
symbiosis and I’d like to ask advice on prioritization from an investment point of view.  
You mentioned: the level of investment, CO2 reduction, cost savings and increased sales.  
That captures pretty much everything, but what I want to know is the return on the 
investment.  Which one of these things is the best return on investment?  
Gary Foster, NISP, UK – Despite the metric I put up there, you should consider the 
concentration of the material.  For example, textiles are very diffuse, so it’s hard to 
recycle.  
 
Angel Avadi, IfaS, Germany – How can industrial symbiosis compete with existing 
waste management solutions, for example, incineration facilities? 
Fujita Tsuyoshi, NIES, Japan – From a pure scientific point of view, there is a principle 
tool called LCA.  LCA-type evaluation needs to be done to compare these scenarios.    
Gary Foster, NISP, UK – That is a really good question.  England had that experience 
when the waste management sector was industrialized, commercialized, and centralized.  
When the trend of landfilling changed to the trend of incineration and composting, many 
existing waste management service providers were suddenly heavily impacted.  It is a 
challenge to stay with cutting edge technologies and promote innovation. Which is 
cheaper, better for the environment? And at the same time, to do the right thing for 
people.  It is hard, but it is something that we always have to focus on.   
Matthew Eckelman, Yale University, USA – Companies will ultimately choose the 
most economically effective option and we might have limited capacity to interfere with 
that decision making and existing solutions that are working already.  However, that is 
why it is an important activity to quantify, especially, environmental benefits and 
translate them into costs, so that people understand the tradeoff that is taking place and so 
that the company that is locked into old technology needs to understand the 
environmental implications of it.   
 
Guillaume Massard, Université de Lausanne, Switzerland – I have a question about 
CO2 accounting.  How do you deal with rebound effects when you calculate CO2 
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emissions?  I also have a comment.  You gave an example of reuse of used oil as engine 
oil.  You can give advice to policy makers or to the company to assess life cycle impacts 
of those technologies.  In the case of Switzerland we have a tradeoff between existing 
incineration facilities and waste recycling.  We already built incinerators and huge 
heating networks in the 60s to recover 50% of heat. 
Fujita Tsuyoshi, NIES, Japan – Incineration is also a high priority issue in Japan.  
Japan decided to incinerate everything in the past, but by 2010, there is a possibility to 
transform the structure of waste management into a more symbiotic way.  In the short-
term, existing facilities should be considered in your prioritization, but not really for a 
time frame beyond mid to long-range.  We need more flexible allocation of waste 
management facilities and prioritization in order to reduce carbon by 2020.  The structure 
of the waste management system depends on the society.  While Japan is already in a 
mature stage, China can change dramatically due to a strong planning approach and 
enough room for funding.   
Gary Foster, NISP, UK – Practitioners in NISP or NIES get environmental training and 
have expertise to project ideal scenarios. So, we can know what will be going to happen 
before we bring people together, before implementation.   
 
Ankit Aggarwal, Technical University Munich, Germany – How do social and human 
dimensions come into play? 
Matthew Eckelman, Yale University, USA – Some people consider industrial ecology 
as having nothing to do with people, which is false.  Social dimensions need to be 
integrated into quantitative industrial ecology, like building metrics.   
Gary Foster, NISP, UK – The NISP workshop usually generates 400 ideas and 60~70% 
of them may not happen due to economic or technical reasons and so on.  However, it is 
people who realize these ideas and who bring all different pieces of ingredients.  The 
people dimension of NISP is like heat.   
Fujita Tsuyoshi, NIES, Japan – The social dimension is very important and will 
become a central issue of the integrative application of industrial ecology in the future.   
Andreia Minulescu, Tomas Bata University, Czech Republic – We should emphasize 
the monetary value of industrial symbiosis in order to get companies involved.  The 
social dimension is also related to economic benefits in this sense. 
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5. Kalundborg Industrial Symbiosis Today (John Kryger, Industrial Symbiosis 
Institute, Kalundborg, Denmark) 
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6. Sustainability-Conscious Design (Jeanette Agertved Madsen, NNE Pharmaplan, 
Kalundborg, Denmark) 
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7. Reuse of Ethanol and Energy from Ethanol Regeneration at Novo Nordisk (Lars 
Raagert, NNE Pharmaplan, Kalundborg, Denmark) 
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Discussion for Presentation 5, 6, and 7 
 
Ankit Aggarwal, Technical University Munich, Germany – Which approach did you 
use to optimize both material and energy flows at the same time? 
Largs Raagert, NNE Pharma A/S, Denmark – The idea of reusing waste to regenerate 
ethanol was from the 90s. Novo came up with the need to increase energy efficiency in 
2002.   
 
Liddy Karter, Industrial Symbiosis Capital, USA – Could this be replicated across 
pharmaceutical plants in general? 
Largs Raagert, NNE Pharma A/S, Denmark – Yes, I guess, so, as long as they use 
ethanol.  However, it is unusual to find energy improvements in pharmaceutical plants as 
well as in other industries.  The scale of 6% or more depends on industries and how much 
energy they use.  It’s fairly common that pharmaceutical industries use a lot of energy, 
but the pharmaceutical industry is an old-fashioned business that is reluctant to change.   
Liddy Karter, Industrial Symbiosis Capital, USA – So, is this the first insulin 
production plant that reached this level of efficiency? 
Largs Raagert, NNE Pharma A/S, Denmark – Yes, we’re one among three.  
Jørgen Christensen, JC consult, Denmark – And the idea is that if you raise the 
temperature, you’re able to reuse the energy.  It depends on whether you can send 
residual heat somewhere else.  Here, we have district heating.  Raising temperature could 
have negative effect in other cases.  
 
Tian Jinping, Tsinghua University, China – How much ethanol is used per year?  Also, 
in this a two-column process, what are the concentrations of the feed materials (i.e., 10% 
of ethanol is suitable for atmospheric distillation and 30% for pressurized distillation)?  Is 
80% is enough for insulin production?   
Largs Raagert, NNE Pharma A/S, Denmark – I don’t know the exact number for that.  
Approximately 31,000 tons of ethanol is used for one month, but that is regenerated now.  
Mads Tarp, NNE Pharma A/S, Denmark – It is normal to use 2~3% of reused ethanol.   
Largs Raagert, NNE Pharma A/S, Denmark – There are changes among factories and 
processes, but usually feed ethanol is 10~30% and solvent ethanol is 20%.  They’re 
regenerated to 80% ethanol.  You cannot regenerate more than 80% of ethanol by 
distillation.  Otherwise, you should have more options, like absorption.  80% is sufficient 
for  most of the productions.    
 
John Kryger, Kalundborg Symbiosis Center, Denmark – I have a question for 
Jeannete.  You talked about optimizing processes within a company.  However, we can 
optimize process between companies as well.  This is where we have challenges with 
symbiosis, how to bring knowledge, make companies work together and look further.   
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Cecilia Haskins, NTNU, Norway – You were talking about how residential areas were 
incorporated into industrial analysis.  What is the community distance – are they all 
within bicycle distance or are they farther away? 
Jørgen Christensen, JC consult, Denmark – I would say the majority is in the area, but 
some percentage of people commute from a far distance. 
 
Inês Costa, IN+/IST, Portugal – I have a question for John.  I’m particularly interested 
in the implementation process of industrial symbiosis considering the role of regulation.  
What is the process – how much does it cost for companies to get a license to handle 
waste, how much time does it take to get a license, how close are regulators to companies 
and so on? 
John Kryger, Kalundborg Symbiosis Center, Denmark – Of course, industries have to 
be licensed to do industrial symbiosis.  There is a process of negotiating it with 
authorities.  Sometimes this process acts as a barrier and symbiosis does not happen.  
Working closely with authorities would be helpful for symbiosis.  If companies are used 
to negotiating, then they would not be afraid to go into this process.   
 
Leonard Mitchell, University of Southern California, USA – Do you buy or 
manufacture your version of ethanol?  What is the feedstock? 
Largs Raagert, NNE Pharma A/S, Denmark – We buy it.  It is not fermented ethanol, 
it is from refineries  
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PANEL DISCUSSIONS WITH KALUNDBORG VETERANS 
 
Members of the Panel: 
 
Name Firm Tenure  
Valdemar 
Christensen 

Asnæs Power Retired Production Manager 

Morgen Olesen Asnæs Power 1967; Manager 1984-1994; retired 

Leif Andersson 
Kalundborg 
Municipality  

1977-1991; Manager district heating and 
water supply  

Benny Madsen Statoil-Hydro 1974 (Esso) 
Finn Grob Gyproc 1974-2001; retired 
Jørgen Christensen Novo Nordisk 1981-1995; now an independent consultant 
 
 
Panel – Opening Reflections 
 
Jørgen (JC) began the introductions by informing us that this event was the first time all 
of these managers had appeared together in a panel in the past 20 years. 
 
Finn (FG) started with the engineering firm that built the Gyproc factory in 1968. 
Noticing the flare from Statoil motivated him to begin discussions about the possibility of 
drying the plasterboard in a dryer using this gas – the project was started in 1972. Later 
he began to consider getting gypsum from the power station; this became a reality in 
1983 at which time they used 20% raw material from Spain and 80% from the power 
station. Beginning in 1987, they began to recycle gypsum from used plaster board – 
accounting for 5% of production. 
 
Benny (BM) observed the surplus and looked to his neighbors to arrange exchanges. It 
was all about avoiding potential problems that were related to flare gases, heated water, 
etc. He observed that “structured formalism is less successful.” 
 
Leif (LA) is happy that Kalundborg is serving as a model for others. During his 15 years 
as manager of water supply and heating distribution he often experienced problems 
meeting water demands. He is sorry that these solutions have not been implemented 
elsewhere in Denmark. He hopes that the meetings in Copenhagen this December will 
motivate members of parliament to seriously consider the Kalundborg model – “free heat” 
from large and small industrial plants. 
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Morgen (MO) noted that the power station has a focal contribution in the symbiosis. He 
recalls that in 1989 some local students documented the then-existing cooperation 
between the firms. In 1990, Jørgen came across an article in the Financial Times. Morgen 
stated that 1991 was the first time the 5 managers were gathered together to describe the 
symbiosis. His assessment of why the linkages were established is that both the 
companies and the people fit well together; the managers experienced weekly encounters 
in their daily lives and had good trust and knowledge of each other. Over time there has 
been some lost of connection as the companies became larger and developed global 
footprints. But all the linkages that have been established have been continued because 
everyone has benefited. However, he noted that he has been unsuccessful in introducing 
these concepts to managers of other power stations. 
 
Valdemar (VC) remembers the 1990 article on the front page of the Financial Times – a 
picture of pipes and clean air – “so clear you can see the mountains in Norway.” After the 
Brundtland report with its definition of sustainability, industrialists were tagged as “bad” 
polluters. Valdemar had a meeting scheduled in 1989 with a group of students in the 
Environmental Club and he wanted to present the positive things that were already 
happening in Kalundborg to dispel this stereotype. It was his hope to challenge and pass 
the baton to the next generation. In conversation about this presentation with his wife, 
Inge, they coined the term “industrial symbiosis” (Inge offered the analogy to symbiosis, 
Valdemar tacked on industrial).  It was these students who later made the first model of 
the cooperation. 
 
Jørgen (JC) remembers arriving in 1981. He had inherited the job of engineering for the 
steam pipelines, and with it the problem of spent biomass – sludge spreading had already 
begun and was continued. The solutions were worked out between the engineers without 
fancy projects or communication. Worksheets with mass balances and process flow 
charts were just filed in binders. There were lots of excuses available for [not] 
cooperating, but transparency creates willingness. 
 
 
Questions from the Floor and Answers: 

Peter Lowitt – what role did the Rotary Club play? 
MO – The Rotary Club was a weekly meeting place and enhanced the 
relationships; such meetings lower the barrier of access. 

Andreia Minulescu – has there been any third-party involved, and has the financial crisis 
influenced the symbiosis? 

Answers – no third-parties and no impact on current projects from the crisis. 
 
 



109 
 

Marian Chertow – what was Gyproc’s motivation for locating in Kalundborg? 
FG – Gyproc already had a factory in Jutland plus two in Sweden; increased 
market demand for plasterboard meant they needed another factory – Kalundborg 
was chosen as the location – the possibility to use the gas from Statoil came later, 
but was an idea that first arose in the planning phase. While there were precedents 
in Sweden where steam is used for the dryer, Kalundborg was the first location to 
use the gas. The primary location motivation was the year-round harbor. 
BM – engineers are motivated to observe what their neighbors (other firms) are 
doing; people know each other, and engineers would occasionally discuss the 
problems they encountered at work. As these interconnections were made, they 
were encouraged by management – who met in their own clubs. 

Liddy Karter – are there contracts? 
MO – yes, prices were decided based on shared benefits; parties compared the 
cost to dispose of the byproduct and the cost of raw materials and shared the 
benefit. 
VC – steam contracts took a long time because of outside factors. 
JC – some projects only needed very simple contracts – it depended on the 
situation. But there is nothing special about these contracts – they were negotiated 
like any other agreement – with normal sound commercial practices, and in the 
end, everyone remained good friends. 

Robin Branson – what has been the relationship of legislation in stimulating industrial 
symbiosis – for example, the waste handling? 

VC – there exists today 4.6 kilometers of pipes carrying steam between Statoil-
Hydro and Novo Nordisk.  
BM – in some cases the projects were motivated by existing legislation, in other 
instances they anticipated legislation, for example, the fertilizer project. 
JC – environmental taxes in 1985 were an incentive – the municipality asked 
Novo Nordisk to separate the sludge (80,000 tons). But sometimes taxation can 
create a barrier because there are many different measurement methods – for 
example, the taxation on district heating benefits to citizens’ homes. The 
Kalundborg experience should contribute to influence new and less arbitrary 
legislation.  
MO – most motivation was based on commercial benefits; the environmental 
improvements were an additional benefit and made it easier to receive both 
permission and forgiveness.  

Shi Han – what type of people were the champions behind the projects – for example, 
general managers or engineers? 

JC – it depends on the culture. Denmark has flat hierarchies and open 
management styles which mean that much decision-making is delegated. The 
ability to work and take initiative from the bottom-up facilitated these linkages.  
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BM – the environmental manager has the responsibility and is empowered to start 
inquiries about engineering changes, etc. 

Leo Baas – what was the biggest surprise? 
MO – the worldwide celebrity. 
VC – the reaction of the young people to his challenge in 1989. 
BM – the big interest in a “common sense” action from the whole world. 
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GENERAL DISCUSSION – WHEN IS INDUSTRIAL SYMBIOSIS, 
INDUSTRIAL SYMBIOSIS?  
 
Marian Chertow, Yale University, USA – Is physical exchange the heart of industrial 
symbiosis?  We thought it ought to be, but as eco-industrial development developed, it 
has not always been easy to find physical exchanges. The real distinguishing 
characteristic of industrial symbiosis, in my mind, is the fact that it is built around the 
physical relationships, and therefore based in industrial ecology.  If industrial symbiosis 
works based on industrial ecology, then it revolves around material and energy flows. 
 
I think that Pauline and her colleague David Gibbs made an excellent point that physical 
sharing of material and energy creates a more intimate relationship.  When we think 
about “what is sustainability?” and “what is sustainable development?”, it has to do with 
interdependence.  When I am dependent on you for your raw materials, it is a much 
deeper model of sustainability that involves cooperation and interdependence. 
 
Also, if we see the behavior of the agents in eco-industrial systems as emergent – now I 
am using the language of complex adaptive systems – industrial symbiosis can easily go 
beyond the dyadic relationships.  The Kalundborg model is a spontaneous model of 
industrial symbiosis in contrast to a purely planned model.  Peter Lowitt and I had a great 
debate last year at the 5th annual Industrial Symbiosis Research Symposium about 
whether or not you could plan industrial symbiosis.  It is a very interesting question.  Shi 
Han’s work in China has shown that even in a planned system – the Chinese have been 
very effective about planning eco-industrial parks overall – there are still spontaneous 
aspects that show emergent behavior.  There are probably more models that allow us to 
look at these questions together.  The one that interests me is the question of planning and 
spontaneity and whether we really are observing the behavior of complex adaptive 
systems or more hierarchical systems.   
 
It is never wise to draw a boundary around what is and is not industrial symbiosis.  There 
are always surprises.  There are systems that start in one mode, for example, economic 
efficiency, and over time they convert to another mode, such as we saw in Kalundborg.  
We have had many surprises in India in the past years of study, where we see such a high 
level of material reuse. In our Nanjangud study of an industrial area with 60 companies, 
we found that of total discards among the companies – close to 200,000 tons – 99.5 % of 
this amount was being reused or recycled at least once.   
 
I think we can devise a new system that melds some planning around emergent behaviors, 
a sort of hybrid system.  We need to continue careful scholarships in this area, but with 
an open mind. 
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Guillaume Massard, Université de Lausanne, Switzerland – Thank you for giving me 
an opportunity to make some comments on the definition of industrial symbiosis because 
it is something I have been thinking about for the last 4 years in the context of 
Switzerland.  I want to go back to the most important citation of the IS definition, which 
is actually from you, Marian, from 2000.  It says industrial symbiosis has “engaged 
traditionally separate industries in a collective approach to competitive advantage 
involving physical exchange of material, energy, water and/or by-products.  The key to 
industrial symbiosis is collaboration and the synergistic possibility offered by geographic 
proximity.”  This is what I read the first day of my Ph.D. training.  Then, the more recent 
paper in 2007 mentioned about 3-2 heuristics.  I want to stick to this definition over other 
definitions such as “regional resource synergy” from Australia that includes all kinds of 
collaboration, or “eco-industrial parks.”  Based on this definition, I’d like to raise 3 
questions. 
 
Lots of projects around the world involve recycling businesses.  Should we consider this 
as a part of an industrial symbiosis network?  I notice that this is a tricky question.  In the 
first definition, we consider traditionally separate industries as the basis for the industrial 
symbiosis.  However, recycling business is not traditionally separate.  
 
The second question would be, “is IS the human collaboration, social networking process 
or it is a concept that promotes the cyclic use of resources?”  In other words, is IS a social 
approach or an engineering approach?  In Switzerland, there is nearly no landfilling – 
maybe 2 or 3% of waste goes to landfill.  A lot of waste is incinerated.  Nearly 50% of all 
industrial waste is recycled.  We have a very efficient recycling system and companies 
have already spent a lot of money to create the current system.  So, what will be the 
added value of industrial symbiosis?  How can industrial symbiosis optimize a system 
which already works very well?   
 
For a third question, I’d like to make a link between industrial symbiosis and the waste 
hierarchy.  I think industrial symbiosis is something about reuse, the cyclic use of 
resources.  But other activities in material exchanges in industrial parks are actually 
energy recovery, which is just better than landfilling and incineration, but is much less 
efficient than material reuse, recycling or even downcycling.  So my question is if we do 
not consider recycling as part of industrial symbiosis, then we only have reuse and energy 
recovery.  What is the most efficient option for industrial symbiosis? 
 
I want to thank Inês for developing these ideas together with me. 
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Shi Han, Yale University, USA – My research is looking at forms of inter-firm 
cooperation and transaction costs, which is important for the industrial symbiosis 
definition question.  There are huge inconsistencies in the industrial symbiosis literature.  
First of all, they use different names: industrial symbiosis, an eco-industrial park, eco-
industrial development, and eco-industrial network.  But there are some key elements in 
which I see major conflicts.  I will mention some of them.  First, is industrial symbiosis 
inter-firm activity, inter-process or inter-facility activity?  Leo Bass always talks about 
the boundary of organization.  The first famous Chinese industrial symbiosis was in the 
Guigang sugar-making industrial complex.  There, most of the industrial symbiosis was 
found within the same company – we can refer to it as inter-facility or inter-process.  
 
The second question is whether we need to focus only on physical exchange of water, 
energy and materials.  Or do we need to incorporate service, or information exchange 
such as shown in NISP cases?  Some argue that information exchange is the basis of the 
physical exchange – could we build physical exchange without information, virtual 
exchange? 
 
The third question is about differentiating industrial symbiosis versus traditional 
agglomeration economies.  Cluster activities already have been explained for many years.  
Could we draw a line between industrial symbiosis and agglomeration economies? 
 
The next question would be what the difference between industrial symbiosis and 
conventional recycling activities is.  One of the most famous articles in the industrial 
symbiosis arena looked at the recycling network in Styria, Austria.  
 
The last question is about whether we can call dyadic exchange industrial symbiosis.  Or 
does industrial symbiosis need to have at least one 3-2 network? 
 
We can define industrial symbiosis broadly, but I tend to follow a narrow definition using 
several criteria: these include cooperation, geographic proximity, wasteful nature of the 
object exchanged, traceable transformation of the subject, and positive environmental 
impacts.  
 
It might be hard to have one precise definition of industrial symbiosis, but what is 
important is that we should have transparency.  Define industrial symbiosis in your own 
way and use it consistently.  I think this is the minimum requirement to make our 
community stand out.  
 
Jørgen Christensen, JC consult, Denmark – Last year in Devens, we had discussion on 
this topic and we did not conclude anything.  This means that we should continue to work 
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on this and that is what I intend to do now.  I found it a bit frustrating to celebrate the 
sixth symposium on industrial symbiosis and not be able to answer to the world what 
industrial symbiosis is.  I suggest another way to make discussion easier.  I would like to 
look at categories and eliminate ones that are not relevant to industrial symbiosis.  
 
The definition we in Kalundborg have used for many years, is: 
 
Collaboration between different industries for mutual economic and environmental 
benefit. 
 
It resulted from an attempt to keep it as brief as possible, maintaining the most important 
words only: 
 

Collaboration, to show that it was the communication between people which was 
more important than technology. 
Mutual benefit, to indicate that it was normal commercial agreements. 
Economic and environmental, to show that these two objectives both have to be 
fulfilled. 
Different industries, because we wanted the definition to be restricted.  A 
definition that included internal projects would include a larger number of projects, 
many of which would be unknown, because they were internal. 

 
We also usually describe the main principles of the symbiosis as being: 
 

“Someone’s waste is another one’s raw material” 
Projects should be economically and environmentally profitable 
Partners should be independent (“across the fence”) 

 
The two latter ones in fact repeat some of the contents of the definition above, whereas 
the first one shows recycling, which is not represented in the definition. 
 
All these considerations were used for the Kalundborg symbiosis only.  If you widen the 
scope to cover many different networks which might or might not be called industrial 
symbiosis, many questions turn up, if you try to make a definition suitable and practical, 
but still using consistent criteria to categorize projects. 
(Mr. Christensen then distributed a document on this topic which appears below.) 
 
All projects can be described as a type of exchange.  These exchanges may be described 
by a number of properties.  A large number of categories may be listed: 
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1. The type of cooperation 
a. Transfer from a donor to a receiver 
b. Sharing of joint facilities 

2. The type of matter exchanged 
a. Water 
b. Energy 
c. (Solid) waste 
d. Immaterial 

3. The physical phase of the matter transferred 
a. Solid 
b. Liquid 
c. Gaseous 
d. Electronic/electric 
e. Abstract 

4. Distance of transfer 
a. Within local industrial area 
b. Outside local industrial area 

5. Means of transfer 
a. Pipeline 
b. Truck/train/ship 
c. Electric 
d. Electronic communication 
e. Printed communication 
f. Personal communication 

6. Quantifiability 
a. Quantifiable 
b. Non-quantifiable 

7. Relation between donor and receiver 
a. Donor and receiver have totally independent ownership 
b. Donor and receiver are legally different, but have some degree of common 

ownership 
c. Donor and receiver have the same ownership 

8. Contractual relations 
a. With written contract 
b. Without written contract 

      Etc. – many other groupings can easily be imagined. 
 
The combinations of all these categories may be described as a multidimensional matrix 
with a large number of cells, many of which are nonsense.  However, if we want to find a 
suitable definition of industrial symbiosis, we should start with deciding which of these 
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many combinations of categories should be excluded and which should be included in the 
definition.  The phrasing of a definition will become much easier then. 
 
Let us consider the categories.  Which are reasonable and practical to include?  I think 
there are good reasons not to include too many categories, since this might lead to too 
many projects, making industrial symbiosis “too thin a cup of tea.” 
 
Here are my opinions: 
 

1. The type of cooperation 
a. Transfer from a donor to a receiver.  This should be included. 
b. Sharing of joint facilities.  This group may be doubtful.  A few of the 

Kalundborg projects can be described as 1.b.  Other projects of this type 
are not likely to be perceived as being industrial symbiosis.  Will also 
depend on which of the others properties it is combined with. 

2. The type of matter exchanged 
a. Water.  To be included.  Half of the Kalundborg projects are on water. 
b. Energy.  To be included. 
c. (Solid) waste.  To be included. 
d. Immaterial.  This is questionable.  In Kalundborg, we have considered 

such projects a spin-off effect, which did not count as industrial symbiosis, 
but admit that you could advocate for the point that many “software” 
projects may be just as beneficial as the project with mass or energy 
transfer. 

3. The physical phase of the matter transferred 
a. Solid.  To be included. 
b. Liquid.  To be included. 
c. Gaseous.  To be included. 
d. Electronic/electric.  Transfer of electric energy should be included.  

Electronic: same considerations as under 2.d. 
e. Abstract.  Should probably be excluded, since a delimitation may be very 

difficult (Sharing of know-how by patent licensing would then be 
industrial symbiosis). 

4. Distance of transfer 
a. Within local industrial area.  To be included. 
b. Outside local industrial area.  To be included.  Distance is not important. 

5. Means of transfer 
a. Pipeline.  To be included. 
b. Truck/train/ship.  To be included. 
c. Electric.  To be included for energy transfer. 
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d. Electronic communication.  Depending on 2.d. 
e. Printed communication.  Depending on 2.d.  
f. Personal communication.  Depending on 2.d. 

6. Quantifiability 
a. Quantifiable.  To be included. 
b. Non-quantifiable.  To be discussed.  May be relevant to include in some 

cases, but transfer of something that cannot be measured or counted will at 
least create problems by comparing and making statistics. 

7. Relation between donor and receiver 
a. Donor and receiver have totally independent ownership.  To be included. 
b. Donor and receiver are legally different, but have some degree of common 

ownership.  A typical grey zone.  A number of future potential projects in 
Kalundborg may belong to this group. 

c. Donor and receiver have the same ownership.  Not to be included, for the 
reasons stated earlier (Too many projects, too many unknown). 

8. Contractual relations 
a. With written contract.  To be included.  All Kalundborg projects are this 

category. 
b. Without written contract.  Questionable, but probably with minor 

importance, since all agreements of a certain size by tradition will be 
documented on paper or electronically. 

 
My conclusion is that we could simplify the debate to only discussing five points: 1.b, 2.d, 
3.d, 6.b, and 7.b.  When we have decided on these points, a phrasing of a definition could 
be much easier. 
 
Liddy Karter, Industrial Symbiosis Capital, USA – I have another piece of definition 
that I always have in mind.  I wonder whether the materials being transmitted have to 
have a zero or negative value.  
Jørgen Christensen, JC consult, Denmark – It would be hard since it enters into a 
context.  Even if it has a negative value, it can be used as a positive value resource.   
Marian Chertow, Yale University, USA – I can see already that we are entering into a 
complicated discussion.  Questions raised are at different levels and we all see industrial 
symbiosis from our perspective.  From Kalundborg, the Center of the Universe, you will 
see it one way.  In a completely different economic system like China, you will see a 
completely other way.  So, I’m going to ask you all something very hard.  Try not to 
think from your own position, not to think from where you are.  Let’s try to stick to the 
fundamental question. 
Anne Hewes, Ecomaine, USA – As a starting point, let’s discuss physical exchange of 
the material. 
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Gary Foster, NISP, UK – What about office space? 
Marian Chertow, Yale University, USA – In our research groups, we talk about 
material exchange, utilities and service sharing.  And we always fight about service 
sharing.   
AliciaValero, CIRCE, Spain – Just a question because I’m rather ignorant about this 
field.  When the mining industry provides materials to, let’s say, a power station, is that 
industrial symbiosis? 
Marian Chertow, Yale University, USA – I guess I have a leaning that it would be 
some kind of a by-product or waste.  Do you try to talk about raw material? 
Alicia Valero, CIRCE, Spain – What about coal waste, is that a physical exchange of 
material? 
Marian Chertow, Yale University, USA – Is a single exchange ever “industrial 
symbiosis?”  I think we could highlight that question.  I think material exchange can be 
part of industrial symbiosis, but industrial symbiosis can have more parts.  It does not 
mean that we should not do the exchange, or we should start it somewhere else.  But the 
reason that we chose 3-2 is to show that industrial symbiosis is a little more complicated 
than a single exchange, it involves human behavior, cooperation, and elements that are 
not just transactional. 
Inês Costa, IN+/IST, Portugal – If I look back, many industry examples of exchange 
already exist.  Think of a cement company and power station.  For years, they have been 
exchanging ash to incorporate it in cement and cement companies have been receiving 
sludge to incorporate it in clinker.  This has been a common practice for many years.  So, 
suddenly, we come along and say, this is industrial symbiosis and you will be happy to 
place a new label on it.   
Marian Chertow, Yale University, USA – Does that mean that it is not industrial 
symbiosis since it has been going on for years and years? 
Jorgen Christensen, JC consult, Denmark – Exchanges existed before industrial 
symbiosis was named.   
Marian Chertow, Yale University, USA – So, it is not that we are saying that industrial 
symbiosis has to do with intent.  It was not environmental intent when industries started 
to exchange many years ago.   
Inês Costa, IN+/IST, Portugal – What do you mean?  Does that mean that you have to 
have a purpose right from the beginning? 
Marian Chertow, Yale University, USA – No, it can change over time.  But industrial 
symbiosis embeds some kind of environmental intent. 
Robin Branson, University of Sydney, Australia – Can I offer a definition of waste, 
which makes discussion easier?  I think that waste is something that a generator does not 
want.  If the only disposal route is to dump it, then any attempt to divert that material 
away from dumping can be classified as industrial symbiosis.  Merely because the 
generator of the material does not want it does not mean that the material has no value 
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and it does not mean that the material cannot be used by another organization.  That is the 
way that I reconcile my experience with an academic definition.  My reaction to your 
question about multilateral industrial symbiosis is that industrial symbiosis is a bilateral 
arrangement, and the industrial network is the accumulation of bilateral arrangements.  
That is how Kalundborg developed.  In my opinion, it is an industrial ecosystem.  Inge 
Christensen said that had she read the paper by Frosch and Gallopolous, which was only 
published three months before Inge and Valdemar had their conversation inventing the 
term industrial symbiosis, she would have used the expression “industrial ecosystem.” 
Guillaume Massard, Université de Lausanne, Switzerland – We’re quite new to 
industrial ecology in Switzerland and actually other faculties say that “Sorry, we’re 
working on this for years.”  Efficient recycling systems that exist in Switzerland come 
from somewhere else and a lot of solutions are already there.  Does industrial symbiosis 
want to be an academic field of study or a description? 
Anne Hewes, Ecomaine, USA – It is an interesting question.  I came with a premise of 
what we’re talking about – waste by-products.  Those of you who have been working in 
this area for a while took that assumption.  So, I feel humbled for your comments.  Any 
material that is being used as a commodity is industrial symbiosis.  I don’t know whether 
we need a preface of a definition from the start.  
Pauline Deutz, University of Hull, UK – Let’s not define, then there will be no future 
discussions.  The 3-2 heuristic is appropriate for describing networks.  Also, there are 
different scales – I think industrial symbiosis and industrial ecology are beyond scales.  
Xudong Chen, NIES, Japan – I’d like to raise two points.  The first one is, why don’t 
we take from something that already exists, for example, economic geography or 
mathematical modeling?  Second, it’s a pity for planners to talk about these things.  So 
far, we don’t have many successful cases of planned EIPs, why is that?  Why should 
planners be a part of this discussion while no contributions to the real practice?  I think 
that is the part we should talk about rather than a definition.  The reason I guess, to my 
mind, why it was not successful to plan EIPs is that we do not know yet the mechanisms 
of exchange.  We only observe what we have observed.   
Gemma Cervantes, Nat. Tech. Inst., Spain/Mexico – If we look at the definition of 
symbiosis in nature, it is interactions among two living organisms for mutual benefits.  
However, experiences and beliefs lead to the 3-2 heuristic and this is industrial symbiosis 
for networks.  It targets more than two organisms and come to regional definition by 
adding more aspects. 
Tian Jinping, Tsinghua University, China – Most of us are from universities and only 
few from business.  Industrial symbiosis must be both environmentally favorable and 
economically profitable.  In China, industrial symbiosis also means, to some extent, 
“Circular Economy.”  “Circular” refers to method and “Economy” refers to the end result.  
There should be positive benefits to the economy in order to implement industrial 
symbiosis by involving businesses.   
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Megha Shenoy, Resource Optimization Initiative, India – I was wondering about 
whether it is still industrial symbiosis if there are mutual benefits for two parties involved 
in exchange, but not for the system itself, or people around the parties.   
Gary Foster, NISP, UK – Let’s incorporate social dimensions as well in addition to 
environment and economic benefits.   
Andreia Minulescu, Tomas Bata University, Czech Republic – I’m curious whether it 
should be a good definition or a true definition.   
Marian Chertow, Yale University, USA – So, that raises the question of environmental 
benefits, but what if there are also environmental costs.  Are we concentrating too much 
on measuring environmental benefits, not enough on examining the costs? 
Ankit Aggarwal, Technical University Munich, Germany – I don’t know how 
geological proximity and an intent of doing something for environment can be combined 
together.  Even though we want to replicate the successful Kalundborg model in India, 
the same approach or intent of doing good won’t work there since the two countries are 
different.   
Philipp Rosenthal, IfaS, Germany – We have a similar term in Germany called material 
flow management.  It refers to a responsible and efficient way of dealing with flows of 
material and energy in a system to reach social, environmental, and economic benefits.  It 
is very simple, but you can have a multitude of different aspects in that term.   
Emilia Rutkowski, UNICAMP, Brazil – If there is no environmental aim/goal, whether 
it is at local, regional, or at global level, then it is just business as usual.   
Gemma Cervantes, Nat. Tech. Inst., Spain/Mexico – I explain the difference between 
industrial symbiosis and industrial ecology in terms of objectives.  While there is not 
much social consideration in industrial symbiosis, industrial ecology considers all three 
objectives, economics, environmental and social.  This is not exactly true when observing 
Kalundborg, but this is because the Kalundborg model is moving into industrial ecology.   
Gabriel Grant, Yale University, USA – I’d like to argue exactly opposite.  The social 
objective is the prerequisite to establish trust required in the organizations that actually 
implement synergies. 
_____________  - That is between the two firms.  It has no broader social context.  
Industrial symbiosis has to start with environmental objectives.  
Hung-Suck Park, University of Ulsan, South Korea – When we consider industrial 
symbiosis, we consider biological symbiosis.  It is an optimization process to enhance 
eco-efficiency and industrial symbiosis is the same concept.  To enhance the efficiency, 
two sides of innovation are required: one is technological innovation and the other is 
mindset innovation.  We should share and exchange visible and invisible resources.  A 
definition is already made, but we need common understandings.  Industrial symbiosis 
can be viewed differently according to different views and backgrounds, so we need to 
reconcile varying perspectives, such as engineering or sociological perspectives.   
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Marian Chertow, Yale University, USA – You include eco-efficiency within the 
optimization and that brings an environmental aspect. 
Inês Costa, IN+/IST, Portugal – The environmental objective doesn’t have to 
necessarily come from companies themselves.  That is why we have policy and 
government.  Government can set the environmental goal and companies just have to 
respond to that in an economic way.  Part of my research is looking at government – 
government is missing in industrial symbiosis.  We need to consider two agents, business 
and government.   
Michelle Adams, Dalhousie University, Canada – We should not define industrial 
symbiosis with intent.  Kalundborg did not start from the environmental intent and 
definition based on intent would preclude situations that we built on.   
Guillaume Massard, Université de Lausanne, Switzerland – In Europe, many projects 
start from public funding.  The goal of public funded projects is to coordinate and to 
communicate to achieve environmental purpose.   
Xudong Chen, NIES, Japan – I’d like to divert discussion into students’ point of view.  
I study industrial ecology and industrial symbiosis as a discipline.  I know this is an 
infant stage of the study, but I even could not define whether it is social science or natural 
science.  It is hard to define what it is and what can we do with this interdisciplinary 
study.   
____: Is it emergent process or can it be planned? 
Marian Chertow, Yale University, USA – That is the question.  Formally, I have a 
piece of work called “Toward a theory of industrial symbiosis” written with John 
Ehrenfeld. We say that when exchanges  happened a long time ago, it was probably for 
economic reasons.  Only later do we recognize it as industrial symbiosis.  I’m okay with 
that as far as we can stimulate more, whether with environmental intent or government 
funding.  There are definitely emergent varieties.  How much do we have to reconcile?   
Robin Branson, University of Sydney, Australia – Environmental imperative is 
implied in sustainability benefits.   
Marian Chertow, Yale University, USA – Sure, and sometimes we have to remind 
ourselves there it isn’t “how many exchanges do you have” that makes your industrial 
symbiosis better than somebody else’s.  Sometimes we fall into that trap, but it is the 
amount of sustainability and environmental benefit that counts. 
Emilia Rutkowski, UNICAMP, Brazil – Is industrial symbiosis descriptive or 
prescriptive?   
Gabriel Grant, Yale University, USA – What is the intention of our definition?  
Because we brought up a lot of different points and nuances, and if you cannot create any 
definition out of this, it can turn people off.  Is it the intention to be able to look at 
something and say what is industrial symbiosis and what is not, or is it the intention to 
inspire? 
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Marian Chertow, Yale University, USA – I have no intention, personally.  I think we 
want to increase our common understandings.  We want to start to look at the 
mechanisms behind this.  
Megha Shenoy, Resource Optimization Initiative, India – How shall we weight 
different benefits of industrial symbiosis, for example, environmental, economic and 
social benefits?  For example, in India, a large percentage of people are employed in 
recycling markets, but if environmental benefits are higher when directly exchanging 
waste within companies than having people employed in recycling markets, then should 
recycling markets be closed? 
Peter Lowitt, Devens Enterprise Commission, USA – I think we should have a broader 
definition, one which is based on ecology, one which is recognized as recyclers as well as 
other types of exchanges.  It is all part of the system.  I would argue that we need to 
understand it holistically.  We should be open to remembering that a whole idea is 
supposed to be modeled on ecology and natural systems.   
Hung-Suck Park, University of Ulsan, South Korea – If we use industrial symbiosis as 
a tool, the overall value will increase, based on my experience as a director and 
coordinator in Ulsan Eco-center in South Korea.   
Fujita Tsuyoshi, NIES, Japan – Let’s make a focal point.  We need a goal for industrial 
symbiosis, but the problem of goal setting is that it is totally different from engineering 
goal.  Industrial symbiosis has social dimensions.  Also, we should definitely provide 
added values.  Integration would be a key for adding values.   
Jooyoung Park, Yale University, USA – There are different ways to reuse material, so 
if you try to label all different ways, it becomes complex.  I want to start with a simple 
belief that we share: we believe that all materials have value.  Commonly valued 
materials are already traded within the traditional market.  However, the reason why 
phenomena observed in Kalundborg surprises us is that they started reusing certain 
materials whose value had not been widely recognized since economics do not provide 
precise signals for those materials.  Thus, I would rather define industrial symbiosis as 
the marketing activity for enhancing the recognition of the value of wasted materials.   
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WRAP-UP – CLOSING REMARKS 
 
Brainstorm of Potential Future Topics 
 
Liddy Karter, Industrial Symbiosis Capital, USA – What is the most available waste 
stream within a certain geographic boundary for the highest potential of success in terms 
of profitability and environmental efficiency?  What will it take to get that implemented: 
is it carbon credits, capital, legislation, or high cost of landfill? 
Valdemar Christensen, Denmark – The world needs food and biomass.  It also needs 
water for irrigation.  Water comes from water treatment and purification systems.  
However if this water is sent to the sea it kills fish.  This flow is an interesting question to 
start. 
Xudong Chen, NIES, Japan – The first interesting question would be identifying a 
baseline for different cases, for example between developing and developed countries.  
Second is about defining the scale and methodology of the study.   
Gemma Cervantes, Nat. Tech. Inst., Spain/Mexico – Sustainability metrics for 
industrial symbiosis to evaluate the triple bottom line benefits and costs. 
Philipp Rosenthal, IfaS, Germany – We can think about designing UNFCC 
methodology for industrial symbiosis credits to be approved by CDM.   
Michelle Adams, Dalhousie University, Canada – Our group is studying the influence 
of the governance structure of organization on the willingness to participate in industrial 
symbiosis.   
__________ - Despite the success of Kalundborg case, policy-makers don’t know about 
this.  We can do some research on how to make policy-makers aware of industrial 
symbiosis in order to build laws and regulations that provide incentives for industry to 
adopt industrial symbiosis.   
Jørgen Christensen, JC consult, Denmark – How can we implement industrial 
symbiosis?  We need awareness, willingness, and communication.  Limitations lie in the 
human relationships, not so much in technical aspects.   
Shi Han, Yale University, USA – The fundamental approach to the environmental 
problem is how we can speed up the internalization process of environmental 
externalities.  Conventional economic frameworks address this.  Are there alternatives to 
this?   
Shishir Behera, University of Ulsan, South Korea – How can we create indicators for 
industrial symbiosis that are not too simple, but also not too complex? 
 
Location for 2010 Industrial Symbiosis Research Symposium 
 
Fujita Tsuyoshi, NIES, Japan – The 7th ISRS in 2010 will be organized by three 
countries, Japan (NIES), China (Chinese Academic of Science), and Korea (University of 
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Ulsan).  It will be held in conjunction with the MFA ConAccount meeting and the Asia-
Pacific ISIE meeting in order to reduce carbon footprint and increase benefits for 
participation.  Location would be an EIP or Eco-town city in one of these countries 
including Kawasaki and Ulsan.  The date is temporarily decided to be November 8th or 9th.  
I will guarantee a happy hour! 
 
Closing Remarks 
 
Marian Chertow, Yale University, USA – Even though industrial symbiosis has a short 
history, we want to honor our history.  As we have seen over these past few days, 
Kalundborg is both historic and constantly adaptive.  Thank you to the organizing 
committee, Jørgen, Jane, John, Ray, Peter, Gabriel, and Melanie.   
 
  



125 
 

APPENDIX I. PROGRAM BROCHURE AND AGENDA 
 
Researchers from all over the world will discuss and exchange experiences on the 
contribution of industrial symbiosis to the reduction of greenhouse gases and other 
sustainability issues. Industrial Symbiosis refers to clusters of companies exchanging 
resources across firm boundaries, especially water, energy, and materials. The term 
Industrial Symbiosis was created in Kalundborg, home of the most famous example of 
industrial symbiosis in the world. The Symposium will begin in the afternoon of June 18, 
and will end before lunch on June 20. The Symposium is organized in cooperation with 
the Center for Industrial Ecology at Yale University's School of Forestry and 
Environmental Studies and the International Society for Industrial Ecology - Section on 
IS/EIDC. The International Society for Industrial Ecology holds its 2009 Conference 
"Transitions toward Sustainability" immediately after the Symposium, June 21-24 in 
Lisbon, Portugal.  
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12.00 – 15.00 
Arrival and registration 
Check in at Roesnæs Conference Centre 

15.00 – 15.15 Opening Remarks 

15.15 – 17.15 
Around the World - exchange and update on global symbiosis 
initiatives 

17.15 – 17.30 Break 

17.30 – 18.00 
The Clean Development Mechanism and Industrial Symbiosis 
(Kristian Brüning , Climate Wedge Ltd. Helsinki, Finland) 

19.00 Dinner and Welcome by Mayor 
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8.30 – 9.00 
Measurement of CO2 Emission Reduction from Industrial 
Symbiosis in Japanese Eco Towns (Tsuyoshi Fujita, National 
Institute for Environmental Studies, Tsukuba, Japan) 

9.00 – 9.30 
Quantifying Energy and Environmental Benefits of 
Secondary Material Use in Pennsylvania (Matthew Eckelman, 
Yale University, New Haven, USA) 

9.30 – 10.00 Coffee break 

10.00 – 10.30 
The Identification, Measurement, Reporting and Verification 
of Carbon Output in a Facilitated IS Network (Gary Foster, 
National Industrial Symbiosis Programme, Hampshire, UK) 
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When What 

10.30 – 11.15 Plenary discussion 

11.15 – 11.30 Break 

11.30 – 12.00 
Kalundborg Industrial Symbiosis Today (John Kryger, 
Symbiosis Institute, Kalundborg, Denmark) 

12.00 – 12.15 Sustainability-conscious Design (Jeanette Agertved Madsen) 

12.15 – 12.30 
Reuse of Ethanol and Energy from Ethanol Regeneration at 
Novo Nordisk (Lars Raagert) 

12.30 – 14.00 Lunch 

14.00 – 14.45 
Panel conversation with Kalundborg IS veterans (managers 
from the 1980’s who are still around) 

14.45 – 18.00 IS Excursions around Kalundborg 

19.00 Symposium Dinner 
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8.30 
Check Out from Conference Center. 
Bus transfer to the Industrial Symbiosis Institute  

9.00 – 9.45 When is IS, IS? 

9.45 – 10.30 
Cultivating IS – Opportunities, Challenges and Necessary 
Steps 

 10.30 – 11.00 Closing remarks – on the way to the 7th symposium 

11.15 
Departure 
(Direct bus to the airport for participants to the 
ISIE Conference in Lisbon) 

 
 
Industrial Symbiosis  
The Industrial Symbiosis in Kalundborg is a resource and environmental network 
between a number of industries and the utilities supply department of the municipality. 
This symbiosis has developed over more than thirty years and consists of some 25 
bilateral, commercial agreements in which water, energy and waste is exchanged.  
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The Industrial Symbiosis Institute  
The Industrial Symbiosis Institute in Kalundborg is a cooperation among 8 partners, 
financed by the partners. The fields of responsibilities of the Industrial Symbiosis 
Institute are:  

• Collection of information about the Industrial Symbiosis and other examples of 
industrial ecology  

• Communication of experience from the Symbiosis project  
• Organization of visits and study tours about the Symbiosis  
• Co-ordination of studies about the Industrial Symbiosis  
• Consultation about new symbiosis projects  
• Contributions to forming new symbiosis projects  

 
Kalundborg 
Kalundborg is a modern, thriving and bustling provincial town, situated right in the 
middle of Denmark. There are 49,000 inhabitants in the municipality and 20,000 in the 
town itself. The biggest employers in Kalundborg are Novo Nordisk A/S, Novozymes 
A/S, Gyproc, StatoilHydro A/S, and The Asnaes Power Station (Dong Energy). 
Kalundborg Harbour is one of the biggest and deepest ports in Denmark, and is very 
international. Kalundborg is also famous for its old mediaeval town with the five-towered 
church from around 1200. Roesnaes is a beautiful peninsula with its hills and view to 
North Funen, Samsoe, and Mols.  
 
Venue  
The symposium takes place at the Roesnaes Conference Centre, 5 km from the centre of 
Kalundborg. This hotel and conference centre is situated on the South side of the 
peninsula of Roesnaes and has a panoramic view over the water. The beautiful main 
building is only 50 meters from the water and is surrounded by green fields and a nice 
garden in old English style.  
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APPENDIX II. PARTICIPANTS 
 
Last 
Name 

First 
Name 

Affiliation Country Email 

Adams Michelle Dalhousie University Canada michelle.adams@dal.ca  
Agertved 
Madsen 

Jeanette NNE Pharmaplan A/S Denmark JAPd@nnepharmaplan.com  

Aggarwal Ankit Technical University 
Munich 

Germany aggarwal86ankit@gmail.com  

Aid Graham The Royal Institute of 
Technology 

Sweden graham@kth.se  

Alves Juliana 
Marion 

UNICAMP Brazil  

Andersen Martin Kalundborg EU-Office Belgium Andersen@kalundborg.dk 
Andersson Leif Ex. Kalundborg Kommune Denmark leif.and@webspeed.dk  
Avadi Angel IfaS Germany angel.avadi@gmail.com  
Behera Shishir 

Kumar 
University of Ulsan South Korea shishir_kb@yahoo.com  

Birley Tim Tim Birley Consultancy Scotland tim@birley.freeserve.co.uk  
Birley Kate Tim Birley Consultancy Scotland kate@birley.freeserve.co.uk  
Bossilkov Albena Curtin University of 

Technology 
Australia a.bossilkov@curtin.edu.au  

Branson Robin University of Sydney and 
Qubator Pty. 

Australia robinbranson@bigpond.com  

Brüning Kristian Climate Wedge Ltd Oy Finland kristian.bruning@climatewedge.com  
Bass Leo Linkőping University Sweden leenard.bass@liu.se 
Cervantes Gemma Nat. Tech. Inst. Spain/Mexico gemma.cervantes@gmail.com 
Chen Xudong NIES Japan chen.xudong@nies.go.jp 
Chertow Marian Yale University USA marian.chertow@yale.edu 
Christensen Valdemar Private Denmark rytterhuset@MSN.com 
Christensen Jørgen JC consult Denmark jccons@ka-net.dk 
Collaço Juliana 

Fontes Lima 
UNICAMP Brazil julianacfl@fec.unicamp.br 

Costa Inês dos 
Santos 

IN+/IST Portugal icosta@dem.ist.utl.pt 

Dalbelo Thalita 
Santos 

UNICAMP Brazil  

Damm Henrik Kalundborg Kommune Denmark henrik.damm@kalundborg.dk 
deCarvalho Carolina 

Correa 
UNICAMP Brazil  

Deutz Pauline University of Hull UK p.deutz@hull.ac.uk 
Eckelman Matthew Yale University USA matthew.eckelman@yale.edu  
Foster Gary NISP UK michelle.allt@nisp.org.uk  
Freire Rodrigo 

Argenton 
UNICAMP Brazil  

Fujita Tsuyoshi NIES Japan fujita77@nies.go.jp  
Gabiatti José 

Henrique 
Berti 

UNICAMP Brazil  

Gonçalves Marco 
Antonio 

UNICAMP Brazil  

Grant Gabriel Yale University USA gabriel.grant@yale.edu  
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Grobb Finn Ex. Gyproc Denmark grobb@mail.tele.dk 
Hansen Jane Kalundborg Symbiose 

Center 
Denmark Jane@symbiosis.dk 

Haskins Cecilia NTNU Norway cecilia.haskins@iot.ntnu.no  
Hewes Anne Ecomaine USA hewes@ecomaine.org  
Jensen Kaj Buch Kalundborg Kommune Denmark kaj.buch.jensen@kalundborg.dk  
Jinping Tian Tsinghua University P.R. China tjp00@mails.tsinghua.edu.cn  
Karter Liddy Industrial Symbiosis 

Capital.com 
USA lk@industrialsymbiosispartners.com  

Kjær Tyge RUC Denmark tk@ruc.dk 
Kryger John Kalundborg Symbiose 

Center 
Denmark john@symbiosis.dk 

Larsen Niels Cluster Biofuel Denmark Denmark nl@cbd-denmark.dk 
Lowitt Peter Devens Enterprise 

Commission 
USA mdfaplowitt@massdevelopment.com 

Lybek Rikke RUC Denmark rbl@ruc.dk 
Madsen Claus Steen Kalundborg Kommune Denmark claus.steen.madsen@kalundborg.dk  
Madsen Benny StatoilHydro Refinery Denmark dbem@statoilhydro.com 
Massard Guillaume Université de Lausanne Switzerland Guillaume.massard@unil.ch 
Minulescu Andreia Tomas Bata University in 

Zlin 
Czech Republic andreia_minulescu@yahoo.com 

Mitchell Leonard University of Southern 
California 

USA mitchell@usc.edu  

Olesen Mogens P. Ex. Asnæs Power Station Denmark m.p.0@biofoot.dk 
Ouinas Guillaume Laboratoire CLERSE France guillaume.ouinas@univ-lille1.fr 
Park Jooyoung Yale University USA jooyoung.park.jp637@yale.edu  
Park Hung-suck University of Ulsan South Korea parkhs@ulsan.ac.kr 
Rosenthal Philipp IfaS Germany philliprosenthal@mac.com 
Rutkowski Emilia 

Wanda 
UNICAMP Brazil emilia@fec.unicamp.br  

Raagert Lars NNE Pharmaplan A/S Denmark raa@nnepharmaplan.com 
Saches Alessandro UNICAMP Brazil emilia@fec.unicamp.br 
Shenoy Megha Resource Optimization 

Initiative 
India shenoymegha@gmail.com  

Shi  Han Yale University USA han.shi@yale.edu  
Tammara Gino GT Consulting Denmark gtconsulting.info@gmail.com  
Tarp Mads NNE Pharma A/S Denmark mta@nnepharmaplan.com 
Valero Alicia CIRCE Spain aliciavd@unizar.es 
Wang Qiaozhi University of Hull UK q.wang2@2007.hull.ac.uk 
Ying Sun NIES Japan son.ei@nies.go.jp 
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APPENDIX III. ORGANIZING TEAM 
 
Industrial Symbiosis Research Symposium 
 
John Kryger 
Chair and Director, Industrial Symbiosis Institute 
Kalundborg, Denmark 
 
Prof. Marian Chertow 
Center for Industrial Ecology, School of Forestry & Environmental Studies 
Yale University 
USA 
 
Jørgen Christensen 
JC consult and Industrial Symbiosis Institute 
Kalundborg, Denmark 
 
Prof. Ray Coté, Symposium Chair 2007 
School for Resource and Environmental Studies, Faculty of Management 
Dalhousie University 
Canada 
 
Gabriel Grant 
Center for Industrial Ecology.School of Forestry & Environmental Studies 
Yale University 
USA 
 
Peter Laybourn, Symposium Chair 2006 
National Industrial Symbiosis Programme 
UK 
 
Peter Lowitt, Symposium Chair 2008 
Devens Enterprise Commission 
USA 
 
Melanie Quigley 
Center for Industrial Ecology, School of Forestry & Environmental Studies 
Yale University 
USA 
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Jane Hansen 
Coordinator, Industrial Symbiosis Institute 
Kalundborg, Denmark 
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Cecilia Haskins 
NTNU 
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Matthew Eckelman 
Yale University 
USA 
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