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Overview 
•  Increased need for Sociotechnical Modeling Frameworks 

–  Expanding socioeconomic and sociotechnical complexity 
–  Discussed: need to model regional political and technical 

shifts in emerging natural gas markets 
•  Increased need to combine Strategic Foresight and Systems 

Engineering 
–  Useful life of predictive trend data becoming ever shorter 
–  Discussed: U.S. transformations in natural gas are driving 

regional changes in the industry and across global energy 
markets, well beyond impact of technology and U.S. 
production shifts 

•  Increased need for Qualitative Analysis toolsets 
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Methodology 1: Strategic Foresight 
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Geels & Kemp 
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The multi-stage perspective of transition 

Foxon, et.al. 

Curry & Hodgson; Sharpe Coley, McKinsey&Co. 
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Research Project 

5	
  regional	
  futures:	
  
•  USA	
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  &	
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  Med	
  
•  Central/East	
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“Geopoli-cal	
  Implica-ons	
  of	
  the	
  ‘Golden	
  
Age	
  of	
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&	
  Assessing	
  Alterna-ve	
  Futures”	
  



July 

International Natural Gas Prices 

Source:	
  BP	
  Sta-s-c	
  Review	
  of	
  World	
  
Energy,	
  June	
  2014.	
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Geopolitics & the “Golden Age of Gas” 

•  Five	
  geopoli:cal	
  regions	
  have	
  strongly	
  differen:ated	
  
“forces”	
  driving	
  regional	
  oil	
  &	
  gas	
  enterprises	
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Gas Network Transformation 

Multiple Networks Hub-and-spoke Point-to-point 

Developing Phase:  
Limited infrastructure and less 

developed institutions 

Growth Phase:  
Anchoring networks around large 
scale supply and demand sources  

Mature phase: 
Extensive networks,  

overlapping networks 

Time 
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LNG or CNG 
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Systems 
Pipe or 
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Linking 
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efficiency and 
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Source:	
  P.	
  Evans	
  and	
  Mike	
  Farina,	
  Age	
  of	
  Gas	
  and	
  the	
  Power	
  
of	
  Networks,	
  GE,	
  2013	
  

•  These	
  are	
  changing	
  the	
  network	
  rela:onships	
  and	
  market	
  
behaviors	
  in	
  natural	
  gas	
  landscape,	
  and	
  altering	
  the	
  global	
  
energy	
  landscape	
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Scenario: Development of the European 
Natural Gas Landscape  

•  European energy policy 
–  Internal market (competition), security of supply, and sustainability 
–  EU level and 28 Member States 
–  Differing levels of regulation, pricing, public-private ownership 

•  Infrastructure 
–  West vs East limited connections 
–  Transmission networks,  

reverse flow, interconnectors 
–  Storage facilities 

•  Security of supply 
–  Gazprom export monopoly 

•  Europe depends on 30%  
Russian NG supplies 

•  Baltic states receive 100% 
Source:	
  IEA,	
  Dec	
  2014.	
  

Gas	
  Trade	
  Flows	
  in	
  Europe	
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Scenario: Development of the European 
Natural Gas Landscape  
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Scenario: Development of the European 
Natural Gas Landscape  

Focal	
  Points:	
  
-­‐  Russia’s	
  regional	
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-­‐  Factors	
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  and	
  
opera-on	
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infrastructure	
  

-­‐  “Security	
  of	
  supply”	
  
risks	
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Scenario: Development of the European 
Natural Gas Landscape  

Focal	
  Points:	
  
-­‐  Moving	
  toward	
  route	
  diversifica-on	
  
-­‐  Network	
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  &	
  transmission	
  

network	
  integra-on	
  
-­‐  Gazprom	
  future	
  market	
  power?	
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Scenario: Development of the European 
Natural Gas Landscape  

What	
  might	
  drive	
  
the	
  region’s	
  

ability	
  to	
  reach	
  
this	
  point?	
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Scenario: Development of the European 
Natural Gas Landscape  
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Outcomes 
•  Systemigrams are powerful tools for analyzing complex 

socio-technical systems 
–   Identification of emergent phenomena and behaviors 
–   Model network structures 
–   Gaps in existing predictive models 

•  Provided a firm basis for a new research agenda in 
International Conflict 
–   Regional similarities and differences 
–   Changing political, economic, technological landscape 
–   Data model representing use of oil and gas in international 

coercion, sanctioning, and conflict 

•  Prototype project for new family of conceptual and 
qualitative modeling tools 
–  Transition of ERS  
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Future Work 
•  Next level of methodology and system models 

–  Need for more understanding and  
modeling of physical and organizational  
networks 

•  Computational models,  
visualizations, and simulations 
–  Formal architectural models and  

conceptual modeling tools 
–  International conflict in oil and gas  

networks 
•  Need for more understanding and modeling  

of physical and organizational networks 
•  Understand connections between conflict,  

coercion, network behaviors, points of vulnerability 
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 - Tom McDermott, Georgia Tech Research Institute - 


