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• European Technology Platform SmartGrids

“A Smart Grid is an electricity network that can 
intelligently integrate the actions of all users connected to 
it - generators, consumers, and those that do both - to 
efficiently deliver sustainable, economic and secure 
electricity supplies”

www.smartgrids.eu

4

Smart Grids

Smart Grid (SG) Definitions
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• Some notes:
• “ 'Smart Grid' is today used as marketing term, 

rather than a technical definition
• “For this reason there is no well‐defined and 

commonly accepted scope of what "smart" is 
and what it is not.” 

• “It is worth noticing that according to the IEC 
definition a "Smart Grid" is not a grid but a 
concept”

Smart Grid
Arnold, M.; Rui H.; Wellßow, W. H.: "An Approach to Smart Grid Metrics", IEEE PES Innovative
Smart Grid Technologies (ISGT) Europe 2011, Manchester, United Kingdom, 2011

✗

Smart Grids

?
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Smart Grids

Smart Grids are closely related with the intensive use of

renewable energy sources
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European Commission 2030 Framework for Climate
& Energy, Outcome of the
October 2014 European Council

A sector in transformation: Electricity industry trends and
figures, Eurelectric, January 2015, based on the latest available
industry figures (2013)

Smart Grids 
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A sector in transformation: Electricity industry
trends and figures, Eurelectric, January 2015, 
based on the latest available industry figures 
(2013)

Smart Grids 
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Issue / opportunity

• Intelligent energy resource 
management

• New players

• New business models

• …

Smart Grids 
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Clean Edge, Getting to 100 - A Status 
Report on Rising Commitments
Among Corporations and
Governments to Reach 100% 
Renewables, Nov. 2015

April 2013: 136 areas in Germany 
had already fixed a 100% renewable 
energy target

Smart Grids 

NOT SO 
NEW
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Smart grids & microgrids

Smart Grids 

We seem to be missing somethingWhat are we missing???



People
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People
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Active consumers
• Demand response

Resource/player aggregation

 Citizens (smart cities)

 Customers (retailers)

 Consumers (utilities) 

 …

People
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Energy Transition, The German Energiewende, By Craig Morris, Martin Pehnt
An initiative of the Heinrich Böll Foundation
Released on 28 November 2012, Revised July 2015
www.energytransition.de

People

http://www.energytransition.de
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New York REV 
(Reforming the Energy Vision)

REALLY
NEW

People
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 Electricity market ≠ wholesale market

 Electricity market ≠ wholesale market + 

retail market

 Energy transactions and service 

provision
• Transactive energy

• Transactions among neighbors

 Business Models
• Contracts

• Tariffs

• Demand response

Smart grids & microgrids

+

Electricity market(s)

NEW 
ERA

People
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Artificial Intelligence 
&
Intelligent systems

Intelligent Interfaces

Context Awareness

Optimization and Computational 

Intelligence

Multi-agent systems

Machine learning

Ontologies

Cyber-physical systems

Affective computing

Ambient intelligence

User modeling

Knowledge discovery

Big data

Power                                      
&

Energy systems

Semantic web

People
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SEDC. Mapping Demand Response in Europe Today, 
Sept. 2015

Demand Response 
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DREAM-GO – Enabling Demand 
Response for short and real-time 
Efficient And Market Based smart 
Grid Operation  - An intelligent and 
real-time simulation approach 

Enabling Effective Demand Response 

Leader: GECAD (Portugal)
3 EU countries, 
5 EU institutions
1 US institution
3 companies

2015-2018
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Enabling Effective Demand Response 
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Intelligent applications and services

Multi-Agent System(s)

Real buildings and equipment Developed 
gateways for real-time data acquisition and 
control

Real-time simulator for all the components 
that we miss in our system

Real-time smart grid management 
and simulation platform
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Real-time smart grid management 
and simulation platform
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Real-time smart grid management 
and simulation platform
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Real-time smart grid management 
and simulation platform

Resource Agent

Consumption

Production

Load 
Optimization

DR Management

Database

Electric 
Vehicles

Aggregator Level 1 
Agent

Production 
Forecasting

Resource 
Optimization

Self-healing

Consumption 
Forecasting

DR Management

Database

Aggregator Level 0 
Agent

Production 
Forecasting

Resource 
Optimization

Self-healing

Consumption 
Forecasting

DR Management

Database



27 March 8-11, 2016, Clemson, SC

Real-time smart grid management 
and simulation platform
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TOOls Control Center (TOOCC)
Model, Setup, Execution, and Analysis

Real-time smart grid management 
and simulation platform
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Implementation tools

Agents are implemented in JAVA 
www.java.com
using the JADE framework
http://jade.tilab.com/

Several of the decision support methodologies are developed in Prolog 
www.lpa.co.uk

Calculation and metaheuristics algorithms are mostly programmed in MatLab
www.mathworks.com/products/matlab/

Deterministic optimization models are implemented using GAMS and/or TomLab
https://www.gams.com/
http://tomopt.com/tomlab/

Several models are implememted in SIMULINK 
www.mathworks.com/products/simulink/

Real-time smart grid management 
and simulation platform

http://www.java.com
http://jade.tilab.com/
http://www.lpa.co.uk/
http://www.mathworks.com/products/matlab/
https://www.gams.com/
http://tomopt.com/tomlab/
http://www.mathworks.com/products/simulink/
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Databases are currently implemented in SQL SERVER 
http://www.microsoft.com/es-es/server-cloud/products/sql-server/

Several data-mining models (clustering, forecasting and classification) are 
implemented in R and in IBM SPSS Modeler  
https://www.r-project.org/
http://www-01.ibm.com/software/analytics/spss/products/modeler/

Automation devices are programmed in C 
http://www.cprogramming.com/

Web services are implemented in C# / .NET https://msdn.microsoft.com/en-
us/library/z1zx9t92.aspx

Ontologies can be written in any language supported by JENA (e.g. RDF, 
RDF/JSON, JSON-LD, Turtle, RDF/XML)
https://jena.apache.org/

Real-time smart grid management 
and simulation platform

http://www.microsoft.com/es-es/server-cloud/products/sql-server/
https://www.r-project.org/
http://www-01.ibm.com/software/analytics/spss/products/modeler/
http://www.cprogramming.com/
https://msdn.microsoft.com/en-us/library/z1zx9t92.aspx
https://jena.apache.org/
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Some communications with physical devices are done through the MODBUS 
protocol using TCP/IP, RS485 and ZigBee
http://www.modbus.org/

Some resources are modeled using PSCAD 
https://hvdc.ca/pscad/

Actual equipment control
• PLCs (Programmable logic controllers)
• Hardware prototyping with 

• Arduino
https://www.arduino.cc
• Kubietruck
http://www.cubietruck.com

Real-time smart grid management 
and simulation platform

http://www.modbus.org/
https://hvdc.ca/pscad/
https://www.arduino.cc
http://www.cubietruck.com


Real world application
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Enabling Effective Demand Response 
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Residential 
House
Apartment 
building

Enabling Effective Demand Response 
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Enabling Effective Demand Response 

Ontologies for the 
Interoperability
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Load 4: residential 

consumer

Load 1: GECAD 

office building

Load 6: GECAD 

smart home lab

Real-Time Monitoring Loads

Enabling Effective Demand Response 
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Enabling Effective Demand Response 

Residential consumer (Load 4):

• Aggregator scheduling  Consumers

GECAD smart home lab (Load 6):

• Aggregator scheduling  Consumers

• Local scheduling

 Direct load control via PLC

GECAD office building (Load 1):

• Aggregator scheduling  Consumers

• Local scheduling

Aggregator scheduling results
Residential consumer 

(Load 4)
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Local scheduling results
GECAD smart home lab 

(Load 6)

Enabling Effective Demand Response 

http://192.168.2.35/Basic_Web.html
http://192.168.2.35/Basic_Web.html
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Thank you
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