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Responses  

‘I am especially interested in understanding differences between centralised 
and decentralised renewable energy systems. It is often emphasized that 
decentralised approaches suffer from a problem of upscaling. I would like to 
hear arguments of experts in engineering, economics, psychology, public 
policy and other relevant disciplines on this issue. I'm certain this topic could 
initiate a fruitful discussion. 

the role of companies in energy transition 
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Smart Grid and the unholy Trinity 









An April fool joke   



The future is electric 

Source: Energy Information Administration (EIA), 2008. 
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With Variable Renewables More Flexibility is Needed 
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Beware + Methodology    



Beware of snake oil salesmen   



The spiral of death    



Going off grid is very expensive  



Aggregation of wind with transmission 
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Krewitt, W. et al.  Integration of Renewable Energy into Present and Future Energy Systems. In IPCC Special Report on Renewable Energy 
Sources and Climate Change Mitigation, Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 2011. 



Aggregation of solar 

The lack of correlation in 

changes solar over short time 

scales means that the 

variability of the aggregated 

multiple sites is significantly 

smoother than the variability of 

an individual site.  

  
Five closest sites: 50 – 170 km 

apart 

 

All 23 sites: 20 – 440 km apart 

Mills, A. D, and R. H. Wiser. 2011. Implications of geographic diversity for short-term variability and predictability of solar power. In 
2011 IEEE Power and Energy Society General Meeting, 1-9. IEEE, July 24. doi:10.1109/PES.2011.6039888. 
 
         Source: Andrew Mills, LBL 
 



Bigger is better; faster is better 
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Synchronous Grid   



Italian blackout 28th September 2003 

Vandenberghe, F., et al. "FINAL REPORT of the Investigation Committee on the 28 September 2003 Blackout in Italy." (2004). 



Italy in the dark  



MY Responses  

‘I am especially interested in understanding differences between centralised 
and decentralised renewable energy systems. It is often emphasized that 
decentralised approaches suffer from a problem of upscaling. I would like to 
hear arguments of experts in engineering, economics, psychology, public 
policy and other relevant disciplines on this issue. I'm certain this topic could 
initiate a fruitful discussion. 

the role of companies in energy transition 



Are there opportunities ?    





Energy Systems Integration   

• optimization of energy systems across multiple pathways and scales 

• increase reliability and performance, and minimise cost and environmental 

impacts 

• most valuable at the interfaces where the coupling and interactions are 

strong and represent a challenge and an opportunity 

• control variables are technical economic and regulatory 



The global energy system today 

Dominated by fossil fuels in all sectors: (Source IEA) 



The future low-carbon energy system 

The 2DS in 2050 shows a dramatic shift in energy sources and 
demands: (Source IEA) 



Water Energy Nexus  

K. Zerrenner, “New graphic from DOE illustrates the energy-water-land nexus,” 
http://blogs.edf.org/energyexchange/2014/07/24/new-graphics-from-doe-illustrate-the-
energy-water-land-nexus/. 





 







ESI is Multidisciplinary 



  

• Energy Systems Integration 
Partnership Programme (ESIPP) 
 

• 23 academics from 7 institutions 
 

• 5 Industry Partners, 17 Industry 
Collaborators 
 

• Three strands: 
• Modelling & Data 
• End Use 
• Markets & Strategic Planning 

 
• Funding €11.0M (SFI, philanthropic 

donation & industry funding) 
 

• Officially launched, 24th November 
2015 

 
 



Global  



http://www.nrel.gov/esi/esif.html 

International Context  

https://es.catapult.org.uk/ 
https://setis.ec.europa.eu/system/files/Toward
s%20an%20Integrated%20Roadmap_0.pdf 

http://www.nrel.gov/esi/esif.html
http://www.nrel.gov/esi/esif.html
http://www.nrel.gov/esi/esif.html


EERA JP in ESI  



iiESI.org 
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Backbone: Generalised model for energy 

systems and energy resources 

 The core model offers energy conversions and 

energy transfers that are applicable to any 

conceivable energy transformation 

 Minimize equations to keep the code tractable 

 Input data drives what forms of energy are actually  

modelled 

 Allows stochastics for short-term forecasts and for long-term 

statistics (e.g. reservoir hydro power) 

 Different models can directly re-use each others results  

(e.g. investments and operations) 

 New models are defined through model definition files: allows to 

build new implementations on top of the core engine as needed 

 

Juha Kiviluoma, VTT / UCD 
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The best approach for particular problem is not 

known: Backbone makes the model structure easily 

modifiable 

  Temporal structure of the model can be changed without 

changing underlying data:  

 Optimization horizon 

 Looping structure 

 Temporal aggregation of later periods 

 Flexible constraints that can be relaxed for later periods 

 Presentation of reserves  

 Unit commitment constraints (SOS1 and SOS2 MIP, LP) 

 Unit and geographical aggregation 

 Can do both energy blocks and power/ramp scheduling 

Juha Kiviluoma, VTT / UCD 
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Sceleton: Python interface for any model 

(including Backbone) 

 Keeps input data in order 
 Stores things only once, project-based 

 Can handle multiple input data sources: Excel, databases, 
binary files, etc. 

 Calls data conversion tools and models 
 Possible to chain input data, tools and models 

 Shows what scenarios have been run  

 Can display and process results 

 Fast and reliable creation of sensitivities with a spreadsheet 
program 
 Possible to use ’recipes’ where one can do Cartesian products 

or other set theory based scenario combinations 

 Sceleton will distribute the scenario tasks to available 
computation units (in future) 

Juha Kiviluoma, VTT / UCD 



 
 
 
 
 
 
 
 
 
 
 

 

The Epiphron Tool 
 

A useable, flexible, research focussed state of the art unit 
commitment model 
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What is the Epiphron Tool? 

 A flexible unit commitment/economic dispatch 
optimization model with rolling planning and 
stochastic capabilities 

 Simulates and optimizes time sequential 
operation of generating resources to meet 
demand forecasts 

 Produces estimates of  

 total system production costs including fuel, 
consumption, unit start up costs and more 

 emissions production and abatelement 

 energy prices 

 unit energy and reserve schedules 

 renewable production and curtailment 

 network load flows and congestion 

 new generation investments 

 Capacity value of new technologies 

 



Defining features 

 State of the art implementation (tight MIP formulation) 

 Comprehensive features 

 DC Load flow and security constrained unit commitment 

 Maintenance and forced outage simulation 

 Two-stage rolling planning 

 Stochastic representation of uncertainty 

 Stochastic scenario generation 

 User interface to create and manage model elements 

 Unrestricted access “under the hood” for customisation, 
expansion and for advanced users 

 Designed from the ground up to be used in a research 
environment 

 Intuitive objected oriented data driven model structure 

 Low effort expandability via data rather than code 

 Arbitrary user defined linear constraints via data model 

 Library of available models actively maintained 

 Implemented in GAMs with MS Access front end 


