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      In transition  



Transition: driving factors  

ÅEuropean and national policies encourage lower 

carbon generation, RES and efficient energy use 

ÅNeed for investment in end-of-life grid renewal 

(ageing assets) 

ÅHandle grid congestion (with market based methods) 

ÅReduce uncertainty for investment 

ÅIntegration of RES and DG into the grids 

ÅIncreased customer participation 

ÅProgress in technology 
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Future characteristics 

ÅCustomers are part of the ñnetwork-loopò, both 
producer and consumer = ñprosumerò 
ïReal-time price information (smart meters) 

ïAutomated systems + convenience (DR/DSM) 

ïAdequate investment and reward incentives 

ÅIntegration of millions small scale generators 

ÅBulk power and small scale sustainability coexistence  

ÅDemand and supply balance solutions 

ÅEfficient operated (and reliable) network  

ÅDifferentiated Power Quality at connection point 

ÅMature markets and regulation 

 

 



DER Technical, economic and 

environmental benefits 

ÅEnergy efficiency  

ÅMinimisation of the overall energy consumption  

ÅImproved environmental impact  

ÅImprovement of energy system reliability and 
resilience  

ÅNetwork benefits 

ÅCost efficient electricity infrastructure replacement 
strategies 

ÅCost benefit assessment  
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EU FP7, MERGE Project 



Active 

Distribution 

Networks 

Improved power flows: 

FACTS, WAMS, WAPS  
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Enabling Technologies 



  
Microgrids   

Interconnection of small, 

modular generation to 

low and medium voltage 

distribution systems can 

be organized in 

Microgrids .  

Microgrids can be 

connected to the main 

power network or 

operated islanded, in a 

coordinated, controlled 

way. 

EU Microgrids (ENK5-CT-2002-00610) and MOREMICROGRIDS (PL019864)    

 

http://www.microgrids.eu 



Control & Coordination: Is it 

necessary? 

}The coordinated operation of several DGs and Loads 

(Consumers) increases the efficiency and provide 

opportunities for better network management. 

}Consumers, DG owners and the network may have 

financial and operational benefits. 

}These benefits derive from applying DSM policies, 

Congestion Management, Black Start, lower losses 

etc.  

 



Technical Challenges for Microgrids 
 

ÅRelatively large imbalances between load and 
generation to be managed (significant load 
participation required, need for new technologies, 
review of the boundaries of microgrids) 
ÅSpecific network characteristics (strong interaction 

between active and reactive power, control and market 
implications) 
ÅSmall size (challenging management) 
ÅUse of different generation technologies (prime 

movers)  
ÅPresence of power electronic interfaces  
ÅProtection and Safety / static switch 
ÅCommunication requirements 



Market and Regulatory Challenges 

Åcoordinated but decentralised energy trading and 
management  

Åmarket mechanisms to ensure efficient, fair and secure 
supply and demand balancing  

Ådevelopment of islanded and interconnected price-based 
energy and ancillary services arrangements for 
congestion management  

Åsecure and open access to the network and efficient 
allocation of network costs  

Åalternative ownership structures, energy service providers  

Ånew roles and responsibilities of supply company, 
distribution company, and consumer/customer  



  
Microgrids ï Hierarchical Control  

     

MicroGrid Central Controller (MGCC) promotes 

technical and economical operation, interface with loads 

and micro sources and DMS; provides set points or 

supervises LC and MC; MC and LC Controllers: 

interfaces to control interruptible loads and micro sources                  
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Parallel operation of inverters 
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Frequency droop Voltage droop 

- Droops for synchronising inverters with frequency and voltage 

- Frequency and voltage of the inverter is set according to active and 

  and reactive power. 



Control of Battery in the Laboratory  



Centralized & Decentralized 

Control  

}The main distinction is where decisions are taken 

}The Centralized Approach implies that a Central 

Processing Unit collects all the measurement and 

decides next actions. 

}The Decentralized Approach implies that advanced 

controllers are installed in each node forming a 

distributed control system. 

}Choice of approach depends on DG ownership, scale, 

óplug and playô, etc. 

 



The Centralized Approach 
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ÅLoad/RES Forecasting 

ÅState Estimation 
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ÅEconomic Dispatch 

ÅSecurity Monitoring  



The Decentralized Approach 

ESCo 

MICROGRID  

Measure-

ments  

Price 

Schedules 

and Policies 

Decision Support 

Tools 

ÅLoad/RES Forecast 

ÅState Estimation 

ÅSecurity Monitoring  

IC IC IC IC 

NEGOTIATION  



Implementing the Decentralized 

Control Concept 

}One approach of implementation adopts the intelligent 

agent approach 

}Next, some basic concepts of the agent theory will be 

presented as well some practical examples. 
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partial 
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Agents communicate ï cooperate 
with each other  

Agents have a certain level of 
autonomy 

The agents have a behaviour and tends to 
satisfy objectives using its resources, skills 
and services 



Reactive vs Cognitive 

}The agent reacts to certain 

signals 

}The collaboration of several 

reactive agents may form a 

intelligent society 

}Typical example: the ant 

colony 

}For an electrical network a 

protection device is a reactive 

agent.  

}Several protection devices 

may create a self healing 

network 

      Cognitive 

}The agent has increased 
intelligence and advanced 
communication 
capabilities. 

}The collaboration is 
supported by the 
intelligence and the 
communication 
capabilities 

}Typical example: the 
human society 

Reactive 



ÅJade is a Java based platform for agent 

implementation. 

ÅIt is compatible with FIPA requirements 

ÅFIPA is the Foundation for Intelligent Physical 

Agents 

ÅJade provides a set of libraries that allow the 

implementation of the agents. 

Implementing Agent with Java-Jade 



Model of the agent platform 
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MORE MICROGRIDS Project  

ñLarge Scale Integration of Micro-Generation to Low Voltage Grids 

Contract : ENK5-CT-2002-00610 
 

 

Budget: 8Mú 



Pilot Kythnos Plant 

Supply of 12 buildings (EC projects MORE and PV-Mode) 



Next generation Sunny Island 

inverters, to deal with islanded mode 

control  

Intelligent Load Controllers  

 

The test site is a small 

settlement of 12 houses 

Generation:   

5 PV units connected via 

standard grid-tied 

inverters.  

A 9 kVA diesel genset (for 

back-up). 

Storage: Battery (60 Volt, 

52 kWh) through 3 bi-

directional inverters 

operating in parallel.  

Flexible Loads: 1-2 kW 

irrigation pumps in each 

house 



The Kythnos System House 


