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The SmartGrid City— a complex System of Systems

Complex System of
Systems in 2020+ ...
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Weather Prediction:
Sunny, Windy, 23°C
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Smart City: Growing Complexity Management Challenges
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Number of projects
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Source: JRC European Commission, “Smart Grid projects in Europe: lessons learned and current developments”, 2011
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Global Smart Grid Overview

Country / Forecast Smart Grid Funding for Smart Grid Number of smart meters 3000 30
Region investments (€/$) development (€/$) deployed and/or planned
European €56 billion €184 million (FP6 and 45 million already 2500 = 25
Union by 2020 [47]* FP7 European funding installed (JRC
(estimated Smart for projects in the JRC catalogue,2011)
Grid investments) catalogue) 240 million by 2020 [47]
About €200 million from 2000 20
European Recovery Fund,
ERDF, EERA.
National funding: n/a
1500 15
UsA $338 (€238) to $7 (€4.9) billion in 8 million in 2011[50]
476 (€334) billion 2009 [49] 60 million by 2020 [50] |
by 2030 [16] u
(estimated investments
for implementation 1000 10
of fully functional
Smart Grid)
: 500 5
China $101 (€71) billion [65] $7.3 billion in 2009 360 million by 2030
(Smart Grid technology (€5.1) [49] [31]
development)
(o] o
AMI DER DR
South $24 (€16.8) billion $824 (€580) million 500,000 in 2010,
Korea by 2030 [40]] in 2009 [49] 750,000 in 2011 and e .
(estimated Smart el ) eeED Budget (€million) ™ Number of Projects
Grid investments)
Australia n/a $360 (€253) million in 2.4 million by 2013 in
2009 [49] State of Victoria
we we 50 milonby a0z Beyond AMI: It is time to move from
the “basics” t d domai
v e —— —— € DasSICS towards Cross-aomain
million in 2009 2020(31] . . .
s sophisticated infrastructure &
dapan e 849 €143 s enterprise services and applications
millions in 2009
[49]
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Source: JRC European Commission, “Smart Grid projects in Europe: lessons learned and current developments”, 2011




SmartGrid 2035 B e Amtanios

Stakeholders Challenges
Consumers Electro-Technologies
Prosumers ICT (Information and
Energy Retailers Communication) Technologies
Aggregators EEGI (European Electricity Grid
Energy Service Companies (ESCOs) Initiative) Compatibility
Electric Appliance users Legal frameworks, market
Electric Vehicle users structures
Generators Socio-Economic incentives
Distributed Generators
Storage Providers Priorities
Ancillary Service Providers Small- to medium-scale
ICT equipment and systems providers distributed storage systems
Telecommunications providers Real-time energy use / system
Data processing service providers state
Energy Equipment & Systems Grid modelling technologies
Manufacturers Communication technologies
Distribution System Operators (DSOs) Security of Supply
Transmission System Operators (TSOs) Non-technological issues with
Wholesale Electricity Market Traders direct impact on technologies

Policy makers, Regulators
Electricity Market Operators

Source: European Commission, “SmartGrids SRA 2035 Strategic Research Agenda Update
of the SmartGrids SRA 2007 for the needs by the year 2035", 2012
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Smart Grid brings new opportunities: From Billing to a
plethora of value-added services
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Consumer Survey

Monitoring Requirement

Understanding of Devices

Consumption Overview

0% 20% 40% 60% 80% 100%

BYes ONo

Willingness to Modify Behavior
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mNot Willing  mLessthan Willing mWilling @ More than Willing I Very Willing

Want Mobile Access to Information

Devices On Which to Access Information

Automated Devices
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mYes [No W Percentage (%)
Acceptable Automation Value-added Services
|
3rd Party Control Comparison

Recommendations
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NOBEL Project, Full report to be presented in IEEE ISGT Europe 2012




Provision of SmartGrid services for SmartGrid City
neighborhoods
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Towards an Internet of Energy

Internet of Services MARKETPLACE

Novel automated services Brokering of supply and demand
Services for utilities, consumers, other market roles
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Energy Trading
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SmartHouses in a SmartGrid

The battery of an electric vehicle can be used for restoring stability in
the island and the higher-level grid.

[ = Electric appliances are not price-sensitive. They don't have any
intelligence that a Smart Grid could use for optimizing electricity

SmartHouse/SmartGrid usage.

SmartHouse/SmartGrid
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Car vector graphic by Omer Uzun

Car vector graphic by Omer Uzun

http://www.smarthouse-smartgrid.eu/fileadmin/templateSHSG/docs/SHSG Animation.swf
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New revenue sources for Public Authorities?

Residential Prosumers
Energy
Retailer

Prosumer Virtual
Power Plant (pVPP)

Electricity Price

Scenario 3

Market Interaction

Bilateral
Interaction

Decision Support
System Flexibility Negotiation

Bilateral Interaction
| Energy Flexible Scenario 1 DSO Grid
Processes Management

Energy flexible Infrastructure e.g. PLS,
factory, electric car fleet, smart building etc.
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Trading of energy signature “flexibility”
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But how much flexibility is there?

Electricity consumption in Britain by sector and end use

Health (4%) jmest % values indicate demand by
1 end use relative to total
Other (5%) L demands (across all sectors)
Comms & Transport (5%) LA N
Sports & Leisure (5%) = = m Catering (13%)
Government (7%) m Computing (6%)
Commercial Offices (9%) m— = AC & ventilation (9%)
Education (9%) . ] m Heating (14%)
Hotel & Catering (11%) j—m—n = Hot water (4%)
Warehouses (12%) = — Lighting (41%)
Retail (33%) |m— — . mOther (13%)
0 10 20 30 40

Sector contribution to ) .
total demands Annual electricity consumption (TWhlyr)

Flexibility in peak periods by sub-load (across all sub-sectors)

Scenario
Hot water Lighting HVAC Other
Conservative 25% 10% 10% 10%
Moderate 50% 20% 20% 20%
Stretch 75% 40% 30% 30%

Note: zero flexibility assumed for catering or computing sub-loads.

Source: “Demand side response in the non-domestic sector” Final report for Ofgem, July 2012
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Towards prosumer Virtual Power Plants (pVPPs)
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NOBEL

NEIGHBOURHOOD ORIENTED
BROKERAGE ELECTRICITY
AND MONITORING SYSTEM

www.ict-nobel.eu

www.ict4e2b.eu www.smarthouse-smartgrid.eu

Contact:
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