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Smart Grids

Fault detection? Restoration? -
Data processing? New services & business models \y‘
Privacy, security? ")

Pricing schemes?

e

ol Distributed generation (large scale) o —
™ Green energy sources (fluctuating) @ == e

Ve
CENh bl epvanndiber -

\

¥

e o {7

PHEV charging

THN T
: “‘"}’?')ﬁ "‘;’ (car parks)

Distributed generation ‘{ ’ "J’J, Demand side
(small scale) management

'. charging
B ) W R (residential)

Local energy storage
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Smart Grids: Driving factors!'tC]

* 20/20/20 e Korea: growth in
objectives construction
. A * Green energy e China: “strong
¢ Reliability issues intrasit and smart grid”

(outages cost

bottlenecks in development

1508B/year) energy grid e Japan: fewer
e Under- ¢ Limited control in players, less
investment energy grid ' legacy
e Security of infrastructure
supply

. 4
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Smart Grids: Driving factors/Bot10l

Primary energy Regulation of
sources monopolies
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Reliability and Innovation and
quality competitiveness
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Long-term goal: Sustainability

4 Manage increasing
energy demand
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Long-term goal: Sustainability

= Solar and wind are largest source for renewable energy
= However,

* These sources suffer from fluctuations and geographical distribution
* Energy storage is needed, and a more capable energy grid
® Cost per kWh needs to decrease

—>ICT as enabler for cost reduction

Levelized Cost Comparison for Electric Power Generation
With $100 per Ton Tax on Carbon (2008 Fuel Prices)

| Qrbon Tax
| Fuei-2008
=m Variable O8M

0.2
$/KWHr O Fixed O8M Charges
fznossa}s @ Capital Charges
01
.................. . 'v
0-05 4j I
0

Nuclear Coal GasCC GasCT SOBW Soh’
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ICT as enabler: Minimize costs, optimize profit...

Solar Panel

Optimize consumption
(efficiency, green, real-time

cost, demand response)
Power Plant = m

Aggregate

distributed —
generation

< Minimize storage )
=2 [
Gas Station
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ICT as enabler: Demand-response

= \What?

* Voluntary, temporary adjustment
of power demand by end-user or
counter-party in response to
market signal (e.g. price,
emergency, etc.) 1.5 4

2.0 «

= Two main forms:
® Direct Load Control

1.0 9

® Price Response

Mw

= Enabling technology: -
* Automation (rule-based) - Actual

— Baseline

= Still subject to human behavior

® user overrides possible

Image source: GDF Suez
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Outline

" Introduction
* Why smart Grids (now)?
e Sustainability challenges...

= Current solutions
* Architectures, standards, products...

= Research challenges
® European projects
® Vision

= Simulation tool

= Wrap-up
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Current solutions
ICT architectures
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Smart Grid ICT architectures

= Currently, closed solutions to control parts of energy grid:
® SCADA (Supervisory Control and Data Acquisition)
* EMS (Energy management systems)

—> not based on standards (multiple protocols)

—> Limited visibility: e.g. only energy transmission network, or
substations

4 )
There is a need for an OPEN architecture:
- OPEN in terms of standard interfaces

% - OPEN in terms of players/actors y
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Smart Grid ICT architectures: Domains

\

Market
Services

Grid \/
lit Green
Qua.l y || = Efficiency
Services Servi
y ervices

\

Energy Provisioning
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Source: IEC (http://www.iec.ch/zone/smartgrid/grid_about.htm)
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Smart Grid ICT architectures

Market
services

M%m IR ibbt

ISO/IRTO
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Smart Grid ICT architectures: Last mile

Substation

Feeder

- -

Concentrator

Home A Home E

= Single point of failure
= Concentrator in LV-substation (longer distances)
= Lifetime of GPRS (heat, electro-magnetic field)
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Smart Grid ICT architectures: Last mile

Powerline
Communication

Feeder

Substation

Wired Internet (DSL, cable)

Architecture Database

EANDIS/Belgium

7 Wireless Internet (GPRS, WiMax) - l
o \ l Datacenter
IP

w@nm |"' |bbt C. Develder, et al., "Smart Grids & The role of ICT", SmartGridCom 2010 15 @
GENT

r4
-
m
0



Smart Grid ICT architectures: Last mile

Wireless

Feeder

Wired Internet (DSL, cable)

Database

Ve erelesslnternet(GPRS WlMaxL l
o \ l Datacenter
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Smart Grid ICT architectures: Home

Dynamic
Systems
Control
Smart
0 End-Use
Data Devices
Management Distributed
Generation

and Storage

Based on figure from Electric Power Research Institute (EPRI)

i

UNIVERSITEIT IF® ibbt C. Develder, et al., "Smart Grids & The role of ICT", SmartGridCom 2010 17
GENT

(@

r4
-
m
0



Smart Grids!(Bot10]

Traditional thinking:

Smart metering

e Delivers information for the
consumer

e Allows utility to read meter
e Limited control function

e Requires end user to make
manual decisions on behavior

e Centralised databases

—
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e Acts as automated broker
between intelligent building
and active distribution grid

e Can be programmed and
tailored by end user via simple
interaction

e Provides automated efficiency

e Enables distributed
architecture and information
usage
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Smart Grids!(Bot10]

Traditional thinking

¢ Silo-based
e Generation

e Transmission — already
reasonably smart

e Distribution — just needs ICT
to make it smart

® [ncremental results
e Low risk strategy

e Demand = load that can be
interrupted

—
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e End-to-end integration

e Generation + Transmission +
Distribution + Consumer
(producer & service
provider)

e Different mindset: delivers
step change results

e Market re-design required!
e Higher risk
e Demand = integrated source &
load, controllable by end user
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Current solutions
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Smart Grid ICT standards

Enterpnse

:::ﬁ

& @

BACNet DRBizNet

Commercial

" Distributed
Resources
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Control Center

@!

“v Wnde Area Network

Field Area Network

NS
Proprietary
b

"‘1"’ Consumer

- @ 61850
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Bulk Wind

Asset Mgmt

e
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\.. l) A__ , PHEV
s 3 v
X 3
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Smart Grid ICT standards

External

Enterprise

Field
LAN

HAN

UNIVERSITEIT I" )
GENT
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g

Portal

Meter / Gateway

T ibbt

Example
Members

Retailers
Aggregators
Regulators
Customers
Providers

MDMS
CIS/Billing
OMS
WMS
EMS/DMS

Routers

Towers

Ground Stations
Repeaters
Rings

Relays
Modems
Bridges
Access Points
Insertion Points

Thermostats
In-Home Displays
Smart Appliances
Field Tools

PCs

Building Automation

C. Develder, et al., "Smart Grids & The role of ICT", SmartGridCom 2010

Example
Technologies

Internet Protocols
World-Wide Web
ebXML

IEC 60870-6 ICCP

IEC 61970

IEC 61968
Web Services
Multispeak
Message Buses

SONET, WDM, ATM
MPLS

Frame Relay
Satellite

Microwave

IEC 61850

DNP3

WIMAX
BPL/PLC
Wireless Mesh
ADSL

Cellular

Cable (DOCSIS)

ZigBee
WiFi
LonWorks
BACnet
HomePlug
OpenHAN
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Smart Grid ICT standards
The landscape of standardization bodies

International

European

|

National

LI e ibo
GENT

Information technology

)

Othfsr areas Elect'rotechnical Telecommunication

ISO

Industry and other stakeholders
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Smart Grid ICT standards
EU Mandate M/441 Standardisation Area

" |[ssued in March 2009 by DG-TREN
* sent to the 3 ESO's : CEN, CENELEC and ETSI

= Main objectives:
* build standards for European smart meters (electricity, gas, water, heat)
* harmonized solutions within an interoperable framework,
* based on communications protocols within an open architecture
* allow consumer actual consumption awareness

= Time schedule :

* TO + 9 months : State-of-the-art of existing standards, gap analysis, and first
Work program

® TO + 30 months : Develop new smart metering standards
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Smart Grid ICT products/solutions

Technologies You Can't Afford to Ignore

Top 10 Strategic Technology
Areas for 2009

1. Virtualization .......cccccuvnvnenn

Top 10 Strategic Technology
Areas for 2010

/7 1. Cloud Computing

nifne ommunications .....

6. Social Software and Social
Networking .......ccoccunvrrnnennns

7. Web-Oriented Architecture ..
8. Enterprise Mashups ...........
9, Specialized Systems ..........
10.Servers — Beyond Blades ...

2. Advanced Analytics
o : i
4. IT for Green

eshaping the Data Center
6. Social Computing
7. Security — Activity Monitoring
\ 8. Flash Memory
9. Virtualization for Availability

10.Mobile Applications

I Watt you get

Venture-capital investment in smart-grid firms
Sm

400
300
200

100

2004 05 06 07 08 9*

Source: Cleantech Group *First fline months

B Modified for 2010

LI e ibo
GENT

Il New for 2010

[l Cropped for 2010

C. Develder, et al., "Smart Grids & The role of ICT", SmartGridCom 2010

Gartner.

GridPoint, SilverSpring
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Smart Grid ICT products/solutions

Projected Global Smart Grid Market by Technology, 2009 and 2014
in U.S. billions | (compound annual growth rate in parentheses)

Smart Sensors and — $85.5
Devices (17.9%) $37.6 v

IT Hardware and — $39.4

Software (21.0%)

$15.2 n2014
| 2009
Smart Grid Integrated _ $27.4 ©
Communications {22.3%) | $10.0 89.0% of market in

] 2014 ($152.3 billion)
Smart Metering
Hardware and s $19.0

Software (24.3%) I 6.4
$0 $20 $40 S$60 $80 $100
Projected Global Smart Grid Market Size, 2009 - 2014
in U.S. billions | compound annual growth rate = 19.9% 5171
A

$180

$1510
$150 1 $130.5
$120 $110.1
$89.7
$90
$60 I I I X2
[

$69.3
2009 2010 2011 2012 2013 2014

Source: Market Research

$0 -+ ZPRYME.com
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Smart Grid ICT products/solutions

~ Advanced Metering Infrastructure - ™
Itron SILVERSPRING
@ ENERNOC
Lang;(sr, Cisco SYSTEMS 4000 MUY
K | . =30 peak-power plants /
Utility Data Management Systems
"“'—é\ ] .
{ eMeter EEES ORACLE }
Home Area Network \ »~ PHEV ™\

Clsco SYSTEMS

1Control

Control@ O better place Q

GRIDFP INT
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Research challenges

C. Develder, et al., "Smart Grids & The role of ICT", SmartGridCom 2010
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Smart Grids: Research challenges

p
Integration of large-scale stochastic (uncertain) renewable generation
Impact of massive number of distributed PV panels on LV-segment (voltage

\_ increase, synchronisation, increased losses)

i Integration of (electric) energy storage: cost, capacity, level
Integration of plug-in hybrid electric vehicles (high load)

-
Energy-saving and cost-saving potential of demand response and | |
load/generation aggregation: selling stable profiles, flexibility \‘\'\

\ _/
~ Autonomous services deployed as a cloud service (privacy) =
Reliability of the smart power grid (what in case of failures) R
N Interoperability and openness of the smart grid =

Microgrids, safety and power routing :.:’
m
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European projects/initiatives

Industry Research Educati£1

E 1l EERA

Europ European .

Industrial Energy .«
Initiative ;

Financing
:RA-NET

European
esearch Area

Oct. 2009: Definition of Technology Roadmaps

2010-2020

Implementation plans 2010-2011 being finalized
. (15t meeting of Ell Teams in May 2010)

Most mature Ells launched at SET Plan
Conference in Madrid (3-4 June 2010)

Wind; Solar; Electricity Grids; Bio-energy; CCS;
Nuclear; Smart Cities

L
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European projects/initiatives

...'.{ Fi

[« Primary focus of EERA is on development of
next generations of energy technologies

* Link to other platforms, bodies and initiatives
(KIC, ERANET, FP...)

* First Joint Programmes to be launched in 2010

* Areas: wind, PV, CCS, CSP, materials for nuclear,
bio fuels, etc

i §

@OMEMmo

—— ’CY

w&@m&n |"' |bbt C. Develder, et al., "Smart Grids & The role of ICT", SmartGridCom 2010
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Industry Research Educati¥1 Financing
=il EERA E i "‘ RA-NET
Europ European _ Europe n
Industrial Energy te e European
Initiative Resea " Innova esearch Area
Alliane 4 r

http.//www.eera-set.eu
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European projects/initiatives

Industry Research Educati£1 Financing

EERN EERA ERIT (ERANET

Europ European  « |
Industrial Energy =
Initiative '

European
esearch Area

—

SmartGrids ERA-Net:

* Co-ordinate activities within the national and
regional public (co)funded RTD

* Complement R&D activities in FP7

* funded from national and regional sources (local
rules)

1st call: applied research, max. 3 years

http.://www.eranet-smartgrids.eu/

@OMEMm

— ’CY
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European projects/initiatives

i
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Industry Research

Europ European. .

Industrial Energy ’
Initiative > Research
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C. Develder, et al., "Smart Grids & The role of ICT", SmartGridCom 2010

Financing
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European
esearch Area
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European projects/initiatives

i

UNIVERSITEIT
GENT

Smart Grid
DEHEMS
META-PV

LINEAR
SMART-E

(Lufleofric] i Jve i)

IIF® ibbt

Electrical Vehicle
eMobility

EDISON

CABLE

Research Centres
Smart Grid

Communities
(EIT-KIC)

! Knowledge and Innovation

C. Develder, et al., "Smart Grids & The role ofTa"’,' SmartGringncfom
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Smart Grid Simulator!2!

[iSUP] K. Mets, W. Haerick, C. Develder, “A simulator for the control network of smart
grid architectures”, in Proc. 2nd Int. Conf. on Innovation for Sustainable Production (i-
SUP 2010), Brugge, Belgium, 18-21 Apr. 2010
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Why do we need a smart grid SIMULATOR?

" Provide a tool to develop and analyze ...
® Control strategies

» Software architecture (client-server, multi-agent...)

* Communication network requirements (Influence of delays, network
failures, ...)

* The resulting effects on the power grid

= Main focus is on the ICT aspects

= Detailed power simulation can be handled by external tools
e Extensible, flexible, scalable, ...

UNIVERSITET E® ibbt C. Develder, et al., "Smart Grids & The role of ICT", SmartGridCom 2010 36
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Simulator design

= Discrete Event Simulator: OMNeT++ [34]

Houses)

Modular, Scalable, Cluster support & ~ —
Models for communication networks Charger Coordinator commuricatn network Pouserumifr
Random Data Generation
Graphical representations S
Data logging, presentation, processing,.. (] | : . G

peneratos powerConnection IrAnsfonmier  powerConnection_house|numberfHouses)

Open source
Integrated in Eclipse

= Custom Components:

I smiobt
GENT

Electric components: loads, generators, etc.
ICT components: smart devices, coordination services,...

Nl s
paan R EPRSER L

cababhiiiin
43
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Simulator design: Layered approach

(A

pplications and Services )
Examples:
-Energy Monitoring
-Demand Side Management
-Billing Y

Application

Generic Functionality
- “Middleware”

- Examples

Communication
Network Model

Mg;gm IR ibbt

Electrical

~

- Support functions for services

- Device & Service discovery
- Service Management

J

Power Grid Models
- (Virtual) Devices

- Transmission Lines
- Generators

- Topology

~N

\_

C. Develder, et al., "Smart Grids & The role of ICT", SmartGridCom 2010
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Smart grid simulator

Topology
Graphs
(" simulator ) " ‘\,f\\ /
Energy Profiles \
Q [ﬂmﬂm] I:,l> ' Power Grid ' ‘—{>
User cgnsun}pﬁon St@tnigt_ics
. 4

Scenario scripts

UNIVERSITEIT I"' |bbt C. Develder, et al., "Smart Grids & The role of ICT", SmartGridCom 2010
GENT

(]



Smart Grid Simulator
Sample use casel”!

9
(D [NOMS] K. Mets, T. Verschueren, W. Haerick, C. Develder, and F. De Turck, “Optimizing
smart energy control strategies for plug-in hybrid electric vehicle charging,” in Proc. 1st
IFIP/IEEE Int. Workshop on Management of Smart Grids, at 2010 IEEE/IFIP Netw.
Operations and Management Symp. (NOMS 2010), Osaka, Japan, 19-23 Apr. 2010 )
—/
a0 AN
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Impact of PHEV charging

= Sample analysis for 150 homes, x% of them own a PHEV

= BAU = maximally charge upon arrival at home
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Impact of PHEV charging

= Potential problems:
® Overloads
e Additional generating capacity required
* Compromised grid stability and reliability

= Demand side management is needed!

e Support for a larger number of electric vehicles
e Optimal usage of renewable energy

e Reduce peak load

® Minimize costs

UNIVERSITEIT |'!' |bbt C. Develder, et al., "Smart Grids & The role of ICT", SmartGridCom 2010
GENT

42

(@

r4
-
m
0



Controlling PHEV charging?

= Objectives:

* Reduce peak load

e Flatten (total) load profile

Charging schedule
. )
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250
= 200
E N\
= 150
©
: \
£ .
: N
2 50 \_/
O_
oONn o wnowmnmo uwmo wn o
O N O d N < O M
NS O MNoadmo oo
= - A NN O O O O
Time (h)

LI e ibo
GENT

Total load (kWh)

<> T
Time Slot /

250

N
o
o

[HEY
Ul
o

C. Develder, et al., "Smart Grids & The role of ICT", SmartGridCom 2010




What is maximal peak load reduction possible?

= Assuming “all-knowing” controller, i.e. full information on
* Base load (i.e. electricity consumption apart from PHEV)
* PHEV battery status & departure time
* Power grid constraints (= maximal total power to household)

BAU = charge upon arrival vs  Coordinated charging

N N
I N N
AN e SRS
< = -m<
'
(a) (b)
= Power line ==« Communication network [l Home energy box .} Global energy controller
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Simulation: Comparison of control strategies
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Results

10% Electrical Vehicles
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Wrap-up

C. Develder, et al., "Smart Grids & The role of ICT", SmartGridCom 2010

47

(@

INTEC



Smart Grids: Main issues

= Modernization of the electrical network

* Renewable energies: The power grid was not equipped to handle new
power sources like wind or solar (focus on wholesale markets)

® Qutages due to e.g. inadequacy between demand and production
e Little integration of operational data with asset management

= New application opportunities
* Demand response: control electricity usage on the demand side

* Home automation: control electrical appliances
* Electrical vehicles: allow flexible charging mechanisms
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Smart Grids: Vision

e
N
: Operate
: ki resiliently
Enable active power against
customer quality for attfck and
participation the 21< Anticipate hatiell
Enable new century and respond disaster
products and to system
"’ services = disturbances Enable
?.'.“I, Accommodate NP se (self-heal) fundamental
all generation _ : assets and S P T, N
& and storage ' tif 1 operate === transsort 2
i m options “ ‘3 efficiently buildings @
S ieens L=

\\ :
s »

Source: SmartGridNews.com [Bot10]
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Key elements to drive the DSM challenge!Ban10]

Distributed Energy saving Effectiveness of Support from
demand? objective? prices? regulation?
e “We cannot e Implementation e Time of use e Clear objectives
change what we of DSM prices to e Minimum
do not know” measures e make the final regulatory
e Dissemination (Home consumer framework that
of energy automation, sensitive to the allows the
efficiency best Smart Grid, real cost of development of
practices network driven energy and energy
DSM,...) when this efficiency-
energy is oriented
consumed markets

’ End users: Who will pay? Adoption? Incentives? ..
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Thank you
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... Any questions?

prof. Chris Develder
Ghent University — IBBT

chris.develder@intec.ugent.be
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