
Smart Energy Systems
Manolis Vavalis 

University of Thessaly & CERTH



Electricity
• Travels at the speed of light 

• Can not be practically stored 

• It is a commodity, or perhaps a service? 

!

Energy is enough, but expensive!
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Demand/Response & Price Elasticity



Clearing Price



Smooth Functioning of Electricity Market
depends on: 

• electricity generators; 

• power exchanges; 

• transmission system operators (TSOs); 

• distribution system operators (DSOs); 

• regulators; 

• customers.



Energy Market Reform
• Spot market transactions at market clearing 

locational prices 

• Two settlement system 

• Day ahead 

• Real time 

• Bilateral transactions among local markets 

• Price volatility hedges 

• Contract for differences 

• Transmission congestion contracts



PJM Regional Operator

https://edata.pjm.com/eContour/#


Nevertheless

Several  

energy market issues  

need to be elucidated



Hephaestus Excellence Project
• started 01/01/2013 

• 3 years 

• 500K euros 

• 5WPs, 12 deliverables



Theoretical Components
• Energy Grid System 

• Power flow equations (Kirchhoff laws, thermal limits, congested 
lines, …) 

• Power generator equations 

• Market Modeling  

• Differential Equations 

• Optimization Problems 

• Solvers 

• Game theory  

• Newton’s method for non-linear equations 

• …



Enabling Technologies
considered



Basic Assumption I

Intelligent management  
+  

sharing of information  
=  

virtual energy storage



Internet & Power Grid
Buffering

Demand drivenCapacity driven



Basic Assumption II

Price elasticity 
!

can manage 
!

stochasticity
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Pricing Signals
fill the gaps



Basic Assumption III

Integration of physical storage  
!

stabilizes 
!

smart energy systems



!Aggregated BVs as storage
and release of power in an price-incentivized architecture



Implementation

• Forecasting Models 

• Agent Platform 

• Intelligent Information Management 

• Integration & Testing



IoT Social Ability
in practice



Just install in breaker panel
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SoA and Web Services
No common enterprise service/information bus may easily developed!

Utilize WS for  

• Service level agreements for long term contracts 

• Biding for short term (1min?) auctions 

• Weather data 

• Market trends 

• Neighborhood behavior 

• …



Cyber-Physical Systems

Recently proposed
Cyber 

TV

Cyber 
AC

Cyber 
Photovolt.

Physical 
Dishwasher

Physical 
Power Plant

Cyber 
House

IoT approach 

• Virtual houses equipped with virtual devices. 

• Virtual houses equipped with both virtual and physical devices. 

• Both virtual and physical houses equipped with both virtual 
and physical devices.



Crucial issues not considered

• Security 

• Anonymity 

• Acceptability



Ήφαιστος
http://ireteth.certh.gr/hephaestus/

http://ireteth.certh.gr/hephaestus/

