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Problem Description 

Matching energy production to energy consumption 

New emerging challenges 

Source: US Departement of Energy Information Administration 
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Problem Description (Cont.) 

Production-side matching 

Complex 

Expensive 

Inflexible 
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Problem Description (Cont.) 

Matching energy production to energy consumption 

New emerging challenges 

Source: US Departement of Energy Information Administration 
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Problem Description (Cont.) 

Consumption-side matching 

Heterogeneous environment 
Large-scale coordination 

(Demand-side management) 

Communication 

Integration 
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Research Question 

Can we achieve decentralized stabilization of energy consumption with a 
minimum user involvement? 
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EPOS 

Energy Plan Overlay Self-stabilization 
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The Means of Stabilization 

Thermostatically controlled appliances 

≈30% of total energy consumption 
Source: U.S. Department of Energy, Core Data Book, 1997 

No critical operation 

Simple 

`Easy’ to model user 
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Operational Flexibility 
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Operational Flexibility 
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Operational Flexibility (Cont.) 

Is this possible? 

Agents can know when to 
pre/post cool or heat 

Agents can know when 
to change the 

temperature setpoints 
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Coordination 

Every agent should execute the possible plan that stabilizes 
the global energy consumption 
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Stabilization 

Reversing deviations 

Two system objectives 

Minimizing deviations 
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Coordination (Cont.) 

Complexity = # of possible plans# of devices 

(+) 

Brute Force 
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Adaptation 
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Adaptation (Cont.) 
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Overlay Communication 

Challenge 
Duplicate-free aggregation 

Tree topologies (structured) 

Duplicate-aware topologies (unstructured) 
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Stabilization 

Minimizing Deviations Reversing Deviations 

Two system objectives 
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Experimental Results 

Source: Evangelos Pournaras, Martijn Warnier and Frances M.T. Brazier, Local Agent-based Self-stabilisation in Global Resource Utilisation, International 

Journal of Autonomic Computing, Vol. 1, Nr. 4, 350-373, 2010 

Minimization of deviations ≈ 63% 

Settings: Tree coordination, 3280 agents, 5 possible plans/agent 

Reverse of deviations > 90% 

Comparison: Random plan execution & locally optimum plan execution 

More possible plans, more children/agent=Higher stabilization, higher cost 



20 Challenge the future 

Answers 

Demand-side stabilization 

Decentralization 

Can we achieve decentralized stabilization of energy 
consumption with a minimum user involvement? 

Minimum user involvement 
Self-organization of trees 
Source: Warnier and Frances M.T. Brazier, Adaptation 
Strategies for Self-management of Tree Overlay Networks, 
in the proceedings of the International Conference on Grid 
Computing-Grid 2010, pages 401-409, Brussels, Belgium, 
October 2010 

Unstructured topologies 
Ongoing work No involvement 

Incentives 

Reversed deviations 

Minimum deviations 

Matching deviations 
Ongoing work 
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Conclusions 

EPOS: flexible energy consumption in the Smart Grid 

Extreme cases 
Non-extreme cases 

New business opportunities 

Simple intervention 
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Questions? 

More information 

http://evangelospournaras.com/project/epos/ 

e.pournaras@tudelft.nl 


