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ICT is Key for
Increasing Energy Efficiency

Increasing the efficiency of the energy system is on the agenda of many
governments and regulators

Information and communication technology can save 15% of all CO2 emissions

Yearly CO2 saving potential through ICT (worldwide, billion tons)
The Climate Group 2006
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Networked Power Grid Components Together
with ICT Form the “Internet of Energy”

1 - Technologies for home automation
and decentralized power generation

2 – Intelligent grid management on the
transport and distribution level

3 – Smart metering

4 – Information and communication
technology as a connection between the

internet of energy and the technical
infrastructure

5 – Applications and services for the
coordination of the energy system on the

business level

5 – Applications and services for the
coordination of the energy system on the

business level
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The Future Power System in the
Internet of Energy Vision

A Service Ecosystem
2020 ... and beyond

Tomorrow weather
prediction: sunny,
windy, and warm.

I expect to deliver
extra x MW

tomorrow – due to a
windy day

I expect to deliver
extra x MW

tomorrow – due to a
sunny day

Get less electricity,
we have over-

production

Minimize energy
production

My car battery is
depleted – I need to

recharge
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Goals of Intelligent Energy System Operation

Avoid peaks
Use demand side management (e.g. dynamic pricing) and load-shedding

Spread shoulders and reduce consumption
Enable load shifting, increase awareness of own energy consumption

Integrate more fluctuating renewable energy
Stimulate innovation through market-driven pricing

Typical Daily Load in a in Supraregional Supply Area
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The SmartHouse/SmartGrid Project
Overview & Goals

The project goal is to demonstrate how ICT-enabled
collaborative aggregations of Smart Houses can
achieve maximum energy efficiency

EU co-funded project
Timeline: Sep 2008 – Feb 2011

Key issues
SmartHouses’ intelligent participation in a market-driven
SmartGrid with real-time information and dynamic tariffs
Adaptive home appliances and distributed energy sources
Coordinated operation via ICT
Distributed control in a decentralized energy world
Strategies for mass adoption
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The SmartHouse/SmartGrid Project
Consortium

Six project partners in three Member States
Coordinator: SAP Research

Enterprise integration, business processes
Web services at device level integrated with higher level web services

Fraunhofer Institute for Wind Energy and Energy Systems Technology
(IWES, former ISET), Kassel

Bi-directional Energy Management Interface (BEMI)
MVV Energie AG

Concept of the „Energiebutler“
Energy Research Center (ECN), The Netherlands

Multi-Agent System architecture
Analysis of scalability to ~1 Mio. customers

Institute of Communication and Computer Systems (ICCS), Univ. of Athens
Agent-based control in power systems

Public Power Corporation (PPC), Greece
Renewable and diesel island power grid
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The SmartHouse/SmartGrid Project
Field Trials

Three field trials are envisioned

Trial A: Mass application scenario
Location: The Netherlands
Validation of multi-agent system based aggregation of
Smart Houses for maximizing efficiency
Electricity trading via PowerMatcher protocol
Integration of domestic appliances and µCHP plants
Testing scalability for mass application
Simulation with real households and additional entities
mimicking the households‘ behavior
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The SmartHouse/SmartGrid Project
Field Trials

Trial B: Domestic cluster Mannheim Wallstadt
Carried out by MVV (= supplier and DSO)
100 Smart Houses in an ecological settlement
Photovoltaic and CHP in many houses
Prior experiment „Washing with the sun“ (2006)
Validation of the BEMI developed by ISET
Testing the ability to control a network of energy devices in
a decentralized manner for achieving higher efficiency

Trial C: Micro-grid operation Meltemi, Greece
Seaside camping site
Diesel generator and photovoltaic panels
Island mode operation
Testing the ability to provide ancillary services such as
load sheddig support
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In the Future, Utilities May Sell Less Power
and More Intelligence & Services

"In a world where everyone had a detailed
understanding of their home energy use, we
could find all sorts of ways to save energy
and lower electricity bills.“

Ed Lu, Developer of the Google Power Meter

Charge more, power less: “PG&E has the
potential to earn more than $100 million in
incentive payments over the next few years if
we achieve aggressive energy efficiency
targets, which I’m optimistic we will.”

Peter Darbee, CEO of PG&E

shrinking pow
er sales

increasing revenue potential
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The SmartHouse/SmartGrid
Business Cases

Enable households to flexibly react to requirements from the
Smart Grid

Day-ahead with the Bi-Directional Energy Management Interface (BEMI)
by IWES
In real-time with the PowerMatcher by ECN

Variable-tariff-based load and generation shifting
Controllable distributed generation (e.g. CHP)
Devices with storage characteristic (e.g. deep freezers)
Devices with shiftable start times (e.g. washing machine)
Devices that can reduce load (e.g. dimmable light)

Real-time balance reduction of a retail portfolio
Flexibility and price-responsiveness of the Smart Houses is used for
balancing the grid
Aggregation of demand response could also be used for offering reserve
capacity
Aggregation of Smart Houses functions as a virtual power plant
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The Retailer’s Perspective in the
SmartHouse/SmartGrid System

Objective
Agent

Action

Load control in the
SmartHouses via
the PowerMatcher
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Procured energy
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Real-time load Current imbalance
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Balancing energy prices
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Decrease load

Smart Meters
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Architecture for a Scalable and Efficient
SmartHouse/SmartGrid System

Service-oriented architectures (SOA) allow flexible
composition of functionality

Embedded services within smart meters and household
devices
Higher-level services for business applications
SOA can ensure interoperability and compatibility in
heterogeneous software environments

Agent-based approaches allow energy management
to be automated

PowerMatcher protocol: matching energy supply and
demand at a marketplace
Commercial trade optimization
Technical grid optimization

Maintenance
Application

Production
Planning CRM

Enterprise Services

Service Service Service

Business Process Monitoring

Business Rule Engine

Alert

Meter
Meter

Meter

Concentrator

Meter
Meter

Meter

Meter
Meter

Meter

Concentrator

approx. 100
real data
concentrators

approx. 1 000 000 real and mimicked meters

approx.  10 000
mimicked data
concentrators

Field Cluster of real SmartHouses



Smart Meters and Energy Management
Devices Integrated Via Web Services
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Dynamic Discovery and
SOA-Based Integration of Smart Meters
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Conclusion

Considerable potential of ICT for increasing energy system efficiency
Integration of Smart Grids with enterprise services
Bi-directional smart metering market-driven energy management
Real-time utility operations

Service-oriented architectures facilitate interoperability in mass application
scenarios

Scalable and flexible (de-)coupling of components
Standardized interfaces to common Enterprise Service Bus spanning over different domains
Applications have a single interface to an integration platform instead of point-to-point
interfaces
Embedded web services in all devices within future energy systems Service-oriented
integration of Intelligent Grid Devices
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Outlook

Current project activities: architecture design phase
Distributed markets and trading mechanisms for integrated aggregations of Smart Houses
Development of customer interface, market interface and ancillary service interface
Enterprise integration

Field trials will start in 2010
Common demonstrator design will be available in Q4 2009

Consider electric vehicle as a further flexible consumption device
Smart charging strategies allow to use car batteries as huge storage capacities
Re-injection of power from batteries into the grid in peak load situations
Coordinated aggregation of cars / houses for grid balancing purposes

Reinforce standardization efforts
Overall integrated information chain: harmonize standards across all Smart Grid layers
Develop open standards for integration of energy management and energy efficiency
applications into the electricity distribution network
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Thank you!



© SAP 2009 / Page 24

Copyright 2009 SAP AG
All rights reserved

No part of this publication may be reproduced or transmitted in any form or for any purpose without the express permission of SAP AG. The information contained herein may be changed
without prior notice.
Some software products marketed by SAP AG and its distributors contain proprietary software components of other software vendors.
SAP, R/3, mySAP, mySAP.com, xApps, xApp, SAP NetWeaver, Duet, Business ByDesign, ByDesign, PartnerEdge and other SAP products and services mentioned herein as well as their
respective logos are trademarks or registered trademarks of SAP AG in Germany and in several other countries all over the world. All other product and service names mentioned and
associated logos displayed are the trademarks of their respective companies. Data contained in this document serves informational purposes only. National product specifications may vary.

The information in this document is proprietary to SAP. This document is a preliminary version and not subject to your license agreement or any other agreement with SAP. This document
contains only intended strategies, developments, and functionalities of the SAP® product and is not intended to be binding upon SAP to any particular course of business, product strategy,
and/or development. SAP assumes no responsibility for errors or omissions in this document. SAP does not warrant the accuracy or completeness of the information, text, graphics, links, or
other items contained within this material. This document is provided without a warranty of any kind, either express or implied, including but not limited to the implied warranties of
merchantability, fitness for a particular purpose, or non-infringement.
SAP shall have no liability for damages of any kind including without limitation direct, special, indirect, or consequential damages that may result from the use of these materials. This limitation
shall not apply in cases of intent or gross negligence.
The statutory liability for personal injury and defective products is not affected. SAP has no control over the information that you may access through the use of hot links contained in these
materials and does not endorse your use of third-party Web pages nor provide any warranty whatsoever relating to third-party Web pages

Weitergabe und Vervielfältigung dieser Publikation oder von Teilen daraus sind, zu welchem Zweck und in welcher Form auch immer, ohne die ausdrückliche schriftliche Genehmigung durch
SAP AG nicht gestattet. In dieser Publikation enthaltene Informationen können ohne vorherige Ankündigung geändert werden.
Einige von der SAP AG und deren Vertriebspartnern vertriebene Softwareprodukte können Softwarekomponenten umfassen, die Eigentum anderer Softwarehersteller sind.
SAP, R/3, mySAP, mySAP.com, xApps, xApp, SAP NetWeaver, Duet, Business ByDesign, ByDesign, PartnerEdge und andere in diesem Dokument erwähnte SAP-Produkte und Services
sowie die dazugehörigen Logos sind Marken oder eingetragene Marken der SAP AG in Deutschland und in mehreren anderen Ländern weltweit. Alle anderen in diesem Dokument erwähnten
Namen von Produkten und Services sowie die damit verbundenen Firmenlogos sind Marken der jeweiligen Unternehmen. Die Angaben im Text sind unverbindlich und dienen lediglich zu
Informationszwecken. Produkte können länderspezifische Unterschiede aufweisen.

Die in diesem Dokument enthaltenen Informationen sind Eigentum von SAP. Dieses Dokument ist eine Vorabversion und unterliegt nicht Ihrer Lizenzvereinbarung oder einer anderen
Vereinbarung mit SAP. Dieses Dokument enthält nur vorgesehene Strategien, Entwicklungen und Funktionen des SAP®-Produkts und ist für SAP nicht bindend, einen bestimmten
Geschäftsweg, eine Produktstrategie bzw. -entwicklung einzuschlagen. SAP übernimmt keine Verantwortung für Fehler oder Auslassungen in diesen Materialien. SAP garantiert nicht die
Richtigkeit oder Vollständigkeit der Informationen, Texte, Grafiken, Links oder anderer in diesen Materialien enthaltenen Elemente. Diese Publikation wird ohne jegliche Gewähr, weder
ausdrücklich noch stillschweigend, bereitgestellt. Dies gilt u. a., aber nicht ausschließlich, hinsichtlich der Gewährleistung der Marktgängigkeit und der Eignung für einen bestimmten Zweck
sowie für die Gewährleistung der Nichtverletzung geltenden Rechts.
SAP übernimmt keine Haftung für Schäden jeglicher Art, einschließlich und ohne Einschränkung für direkte, spezielle, indirekte oder Folgeschäden im Zusammenhang mit der Verwendung
dieser Unterlagen. Diese Einschränkung gilt nicht bei Vorsatz oder grober Fahrlässigkeit.
Die gesetzliche Haftung bei Personenschäden oder die Produkthaftung bleibt unberührt. Die Informationen, auf die Sie möglicherweise über die in diesem Material enthaltenen Hotlinks
zugreifen, unterliegen nicht dem Einfluss von SAP, und SAP unterstützt nicht die Nutzung von Internetseiten Dritter durch Sie und gibt keinerlei Gewährleistungen oder Zusagen über
Internetseiten Dritter ab.
Alle Rechte vorbehalten.


