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Challenges in Smart Energy Systems 

Source: US Departement of Energy Information Administration 
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Demand-side 
Management 

PhD Research 

Supply-side 
Management 

Postdoctoral Research 

Research Overview 

Large-scale Decentralized Multi-agent Systems 

Energy 

Domain 

Robustness of transmission systems 
Preventing and minimizing the impact of cascading failures 

Demand stabilization 
 Coordination of household devices 

Demand adjustment 
Dynamic selection of comfort/economy levels by incentivized consumers 
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1. Demand Stabilization 

Minimizing and reversing power peaks (deviations) 
by keeping the total average energy consumption the same (load shifting)  

How agents can collectively stabilize the aggregate demand 
when they control household devices?  
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Planning of Household Devices 

Generation, selection and execution of alternative consumption plans 
for future time period 

Agent-based control of thermostatically controlled devices 
No user involvement 

EPOS - Energy Plan Overlay Self-stabilization 
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Consumption plans 
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Technology 

Is this possible? 
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Plan Selection 

Complexity = # of possible plans# of devices 

(+) 

Brute Force 
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Coordination 
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Results 

Agent-based simulations 
Different devices with different consumption profiles 

>3000 agents 
3-5 possible plans/agent 

Minimizing deviations Reversing deviations Minimizing deviations 
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Self-Organization of Trees 

How can a tree topology be robust in a large-scale decentralized environment? 

Sort ranked agents in a tree topology 

Self-organization: Gossiping, clustering and negotiation of parent-child links 

Adaptation strategies can explore performance trade-offs 

Higher connectivity vs higher overall fitness 
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Self-Organization of Trees (cont.) 
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2. Demand Adjustment 

Decreasing (or increasing) demand  

How can adjustments of demand be achieved when incentivized consumers 
dynamically select between a number of pre-defined comfort/economy levels? 

ALMA – Adaptive Load Management by Aggregation 
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Dynamic Selections 

Contract 

… 

Aggregate 
demand 

Aggregate 
supply 

Household Prosumers Utility Suppliers 
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Validation 

Validation using real analytical data 
Olympic Peninsula Smart Grid Demonstration Project 
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Dynamic Decentralized Aggregation 

How can aggregation functions be computed in a decentralized fashion if the 
input values distributed in a network change? 

History: Detection and elimination of duplicate and outdated input values 

Bloom filters: Data structures for efficient storage of historic information 
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Current Work 

Combining complex networks and power flow dynamics 
in a distributed environment  

Preventing and minimizing the impact of cascading failures 

Distributed agent strategies that redistribute power flow based on entropy   
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Future Work 

1. Inter-dependent networks 

2. Use of operating reserves, e.g. batteries 

3. Privacy preserving self-management 

4. Quality of Service in Smart Energy Systems 

Self-management of Smart Energy Systems 
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Questions? 

More information 
http://evangelospournaras.com 

e.pournaras@tudelft.nl 
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