
 
 

 
 

 
FME HighEFF HighEFF.no 
 

 

FME HighEFF 
Centre for an Energy Efficient  

and Competitive Industry for the Future 

 

Deliverable D5.1_2019.01 
The Realization of Energy Efficient Clusters 

Variability and resilience in industrial symbiosis for energy exchange 

Delivery date: 2019-12-31 

Organisation name of lead partner for this deliverable: 
NTNU Social Research 

HighEFF- Centre for an Energy Efficient and Competitive Industry for the Future is one of Norway's 
Centre for Environment-friendly Energy Research (FME). 

 Project co-funded by the Research Council of Norway and Industry partners.  
Host institution is SINTEF Energi AS. 

Dissemination Level 
PU Public x 
RE Restricted to a group specified by the consortium  
INT Internal (restricted to consortium partners only)  

  



 
 

 

 

 
D5.1_2019.01 The Realization of Energy Efficient Clusters  Page 2 of 11 

 

Deliverable number: D5.1_2019.01 

ISBN number:  

Deliverable title: The Realization of Energy Efficient Clusters: Variability and resilience in 
industrial symbiosis for energy exchange  

Work package: WP5.1 

Deliverable type: Journal Paper 

Lead participant: NTNU SR 
 

Quality Assurance, status of deliverable 

Action Performed by Date 

Verified (WP leader) Jens Røyrvik 2019-12-20 

Reviewed (RA leader) Ingrid Camilla Claussen 2020-01-13 

Approved (dependent on nature 
of deliverable)*) 

  

*) The quality assurance and approval of HighEFF deliverables and publications have to follow the established 
procedure. The procedure can be found in the HighEFF eRoom in the folder "Administrative > Procedures". 

 

Authors 

Author(s) Name Organisation E-mail address 

Jens Petter Johansen NTNU SR Jens.petter.johansen@samfunn.ntnu.no 

Torgeir Haavik NTNU SR Torgeir.haavik@samfunn.ntnu.no 

   

   
 

Abstract 
While exchange of surplus energy between companies can be economic beneficial and environmentally 
friendly, such inter-organizational integration of industrial rhythms imposes dependencies and uncertainties 
for the companies involved. This paper expands on the structural focus of studies of resilience in industrial 
symbiosis by addressing the social and organizational aspects of adapting to variability. The study is based 
on case studies in three industry clusters in Norway where companies engage in collaboration concepts and 
exchange surplus energy streams such as heat, CO-rich off-gas and CO2. The paper shows how formal and 
informal aspects of the inter- organizational collaborations can add resilience to socio-technical-economic 
systems for energy exchange that face uncertainties to the flow of operations and the viability of the systems.  
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