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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 CO, emissions
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Yearly CO, saving potential through ICT (worldwide, billion tons)
The Climate Group 2006

© SAP 2009 / Page 3



Networked Power Grid Components Together
with ICT Form the “Internet of Energy” SADg

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
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2 — Intelligent grid management on the 1 - Technologies for home automation

3 — Smart metering

transport and distribution level and decentralized power generation
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The Future Power System in the
Internet of Energy Vision
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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
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The SmartHouse/SmartGrid Project
Overview & Goals

collaborative aggregations of Smart Houses can
achieve maximum energy efficiency

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

The project goal is to demonstrate how ICT-enabled ?

SEVENTH FRAMEWORK
PROGRAMME

SmartHouse/SmartGrid

Key issues
SmartHouses’ intelligent participation in a market-driven Enorpriseystons S
SmartGrid with real-time information and dynamic tariffs —, M&H
Adaptive home appliances and distributed energy sources [ | -
Coordinated operation via ICT c"’:&; prviders
Distributed control in a decentralized energy world " et ﬁ#
Strategies for mass adoption o ,

Metering

s itermnet

© SAP 2009 / Seite 8



The SmartHouse/SmartGrid Project
Consortium SAPg

Six project partners in three Member States
Coordinator: SAP Research
m Enterprise integration, business processes w
m Web services at device level integrated with higher level web services °
Fraunhofer Institute for Wind Energy and Energy Systems Technology

(IWES, former ISET), Kassel ISET
m Bi-directional Energy Management Interface (BEMI)
MVV Energie AG #-MV V- Energie

m Concept of the ,Energiebutler*

Energy Research Center (ECN), The Netherlands
m Multi-Agent System architecture =
m Analysis of scalability to ~1 Mio. customers

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

Public Power Corporation (PPC), Greece
m Renewable and diesel island power grid
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The SmartHouse/SmartGrid Project
Field Trials SAR4

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 uCHP plants
Testing scalability for mass application

Simulation with real households and additional entities
mimicking the households* behavior

i ‘W“\ ps Ikl M
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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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Flexible Power Consumption and the Retailer's Perspective




In the Future, Utilities May Sell Less Power
and More Intelligence & Services
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"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
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The SmartHouse/SmartGrid
Business Cases w

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) P WEnj s
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

Procured energy
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. A Service-Oriented Approach for Better Interoperability




Architecture for a Scalable and Efficient
SmartHouse/SmartGrid System SADg

Service-oriented architectures (SOA) allow flexible e

Application Planning

composition of functionality
Business Process Monitoring

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 \ Field Cluster of real SmartHouses / appros. 1000000 real and mimicked meters

PowerMatcher protocol: matching energy supply and
demand at a marketplace

Commercial trade optimization
Technical grid optimization

© SAP 2009 / Seite 17



Smart Meters and Energy Management
Devices Integrated Via Web Services

Business Process supported by a cross-layer service
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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

SAPd

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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