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Energy Systems Integration  



What is Energy System Integration (ESI) ? 
 

Energy System Integration (ESI) is the process of 
coordinating the operation and planning of energy 
systems across multiple pathways and geographical 

scales in order to deliver reliable, cost effective 
energy services with less impact on the environment.  

 

O’Malley, M.J., Kroposki, B., Hannegan, B., Madsen, H., 
Andersson, M., D’haeseleer, W., McGranaghan, M., Dent, C., 
Strbac, G., Baskaran, S. and Rinker, M., “Energy System 
Integration Defining and Describing the Value Proposition”, NREL 
Technical Report NREL/TP-5D00-66616, June 2016. 
[10.2172/1257674] 

http://www.osti.gov/scitech/biblio/1257674/
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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 



 



Examples of Grid Flexibility:   
A Social Science Perspective as seen 

by an Engineer 
 
 



With Variable Renewables More Flexibility is Needed 
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Transmission 
playing its part  
 
Note the sag on 
the line  
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Aggregation of wind with transmission 

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. 
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Aggregation of solar 

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. 
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Comparing the flexibility options  
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 Relative value of new flexibility options for Northern Europe, 

scenarios with lot of wind power: 42-55% of energy 

 For wind, transmission, heat sector flexibility and demand 

response most important 

 

 

 

(Source: Kiviluoma et al, VTT) 

Transmission best cost benefit 

Power to heat good cost benefit 

Demand response – without costs 

Battery storage benefits with low costs only  

(better for PV than wind) 



If you love wind/solar you have to 
at least like Transmission 



Enter the “consumer”  

‘Engineers and economists 
are ignoring people and 
miscasting decision making 
and action’, Sovacool, B.K. 
(2014) Nature 511, 529-530 
 

“Engineers (and 
economists) tend 
to be ignorant and 
arrogant about 
customers”, Janusz 
Bialek 



Transmission: Take Away  

 Electrical transmission is almost always the most 
cost effective technology to enable the integration 
of variable renewable energy 

 But many in society object to its construction and the 
variable renewable energy infrastructure 

 

 Social science research needed to minimise public 
opposition  

 

 

 

 

 

 



With Variable Renewables More Flexibility is Needed 
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Demand response 



Demand response - the “consumer” and the business model 
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Source:  S. Nolan, PhD student ERC, UCD 

Note: These are preliminary results and are part of on-going work   

Consumer characteristics impact on demand response  
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100 % Wind we will have to change how we live   
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How they do it in China   

• Established in Inner 

Mongolia, 2014, with 20 

electric boilers 

 

• 500,000 m2 heat supply 

 

• 75 GWh wind power 

annually, equivalent to 

19,000t coal   

 

• Decrease CO2 emission by 

68,000t 

Source: Chongqing Kang, Tsinghua University 



Flexible CHP can reduce wind curtailment 

Chen, X., Kang, C., O’Malley, M.J., Xia, Q., Bai, J., Liu, C., Sun, R., Wang, W. and Hui, L., “Increasing the Flexibility of Combined Heat and 
Power for Wind Power Integration in China: Modeling and Implications”, IEEE Transactions on Power Systems, Vol. 30, pp.1848-1857, 2015.  



Demand response:  Take Away  

 Flexibility on the demand side is a cost effective 
technology to enable the integration of variable 
renewable energy  

 But the financial rewards to consumer may not be 
enough to  make an impact 

 

 Social science research needed to fully understand 
the motivations and rewards  

 

 To reach high penetrations of variable renewable 
society may have to change how it organises itself  

 

 

 

 

 

 



Some observations 



A “three” way bridge  
 

 

 

 

 

 

 

 

 

 
 



Research funding  



Beware  



Observations  

 It is as much about education as research    

 

 Research funding is needed  

 But not necessarily extra research money 

 

 Beware of the hammer and nail brigade  

 

 Difficult to encourage research between technology 
and social science – leadership required 

 

 

 

 

 

 

 

 

 



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


iiESI.org 



http://iiesi.org/assets/pdfs/iiesi_london_summary.pdf 



EERA JP in ESI  



Fuels 

Electricity 

Heating / cooling Water / transport 

Data 
SP1: 

Modelling  

SP2: 
Forecasting, 
aggregation 

& control  

SP3: 
Technology 

SP4: 
Consumer   

SP5: 
Finance & 
regulation  

ESI 

DESCRIPTION OF WORK  
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What is happening closer to home  



Conclusions 
 It is more about the whole 

integrated energy system than ever 
before including the “consumer” 

 

 Social science research is 
fundamental to integration of 
variable renewable energy into 
electricity grids  

 

 Scope, funding, quality, leadership 
all important 

 

 Plenty of activity evolving  

 

 How to coordinate to get best 
impact ? 

 

 



Trilemma plus the “consumer”  
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