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What this presentation is about?

> Definition of Smart Grid

> Future energy challenges

» Energy TechnologiesSmart Grid Enabled
» Conclusion

O
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The Smart Team

Goos Tom & Serge De Pooterr
Pietenr Boijgm & Chris Mentem
Sami Paavilainem, Marek Krajewskii
Marek Kwitek<

Rachid Daerdem, Cédni¢cc Devroye &
Yenthe: Blockx«&: Sim Jacobs

Franco Cavressi
Jarii Koski

V PLCNetwork Programming
V DataBase& applications
Residential Gateway

V HMI, user interface

V Power Meter HW

V Integrating the system
components

V Smart Combustion Engine
Interoperability : DEMVE
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Again another presentation about Smart Grid!

VAASAN AMMATTIKORKEAKOU LY



Source
Eurelectric

EU:10 steps to Smart Grids da roadmap

100 moviNG TO REAL CUSTOMER PARTICIPATION

8 AGGREGATING DISTRIBUTED ENERGY SOURC
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Definition: What is a Smart Grid? (1/2)

0 Asmart Grid is an electricity:y netwarki that can

iIntegrate the behaviour and actions: of ALL USERSonnected to it

(generatorss, consumers and those that do beith)

din order to ensure an:

A econamicallyy efficiéant, sustainablée powenr systemm with low
losses and high levels of qualityy and security of supply and
safety. 0

Source EU CommissionTask Force for Smart Grids



Definition: Smart definition (2/2)

/
Smart
Smarf S e i Distribution and Smart
Generation Transmission Grid
Communication between
System Components
Smart Smart
Consumption Storage
vy
Interdisciplinary technologies:
Data collection, processing and recombination
| Market Grid Operation
T

Source Antonio MatamalaWeb2Energy (W2E) Smart Grids



Increased renewable energy production and*»==( )<=
active consumers require

Future customers ]

Traditional grid Smart grid

players .,

Energy Customer

storage gateway . ‘ ’ R

:1 2 Loa ds Generation \
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Q Il \
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The data network at present ifmited. It does s d

not providebi-directional information about e an S ma r lLacss C Ol
energy eansumptiongpatterswhich can be
utilized for better decisionimaking

source: @Fortum



Smart Grid key Technology Areas

K The Smart Grid is a System.

Source NETL 08 VAIA AKESNOGSKOLA




Intelligent Electronic Devices (IED)

SPAA120 C

Feeder Protection Relay -
SPA BUS Relion615

Outdated Since 2009 IEC 61850, Modbus, DNP3, IEC60870, etc.

1995 2000 2009 2010 2015
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Global Warming:

Global Challenges (1/4)

»  Growth:

A Population
A Economy

» Sustainability :
A Climate Change & Pollution
A Limitation of resources

I
More Energy

Acceptance of different type of Electricity Supply
A Difficulties in Building infrastructure
A Changes in: grid topology, data model, voltage dips & Fluctuations.. etc



Global Challenges (2/4)

data for the year 2008, IEA
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Global Challenges (3/4)

20000

18 000 Coal
16 000 Gas with
14 000 new finds

and unconventional
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Estimated reserves tfe majorfossil fuels in the world antheir depletion

1 year offossil fuel use, takethe earth one million years tostore.
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Global Challenges (4/4)

NET ELECTRICITY GENERATING INSTALLATIONS IN EU 2000-2011 IN GW FIGURE 2.2
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Conclusion 1

» The worl ddos energy mar kets arneedfaraci ng
energy is growing everywhere.

» Renewable energy sources and new technologies are important topics of
discussion. Markets are being clearly and increasingly regulated , not only
by business economics, but also on political grounds

» In 2007, the EU agreed on the so-called 20-20-20 ebjesthiee, which
includes increasing the share of renewable energy sources to 20% of the
EUGs total consumption by 2020.

» Creates opportunities within
A Renewable energyy
A Energy efficiencyy

» This calls for
A Innovation
A International know -how
A Strong networks
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Challenges of the Future Network

Increased penetration of renewablee é e ( How t o 1 nt eg
Effect of Renewableon the gridé ¢ € ¢ € . . {oldanect)
Efficient Transmissioneé é e e e e é e é e é . . dpthhsey t o

/////

///////

Faster Load manipulatione é € é é é € . (oHlistpatch)

Managing net flow back into the networke . ( how t o ba
Communication(SADC/LV-MV) é € .Interoperability )
ManagingCarbonemissionsé . €& .(How to reduce)

Forcasting € . Wdather, Market, load, Cosi)

.. etc



Energy System of the Future (Multi-Direction )

==== Branchlinesform own protectionzone
— . — : Data/InformationTransfer

------ . Micro-Grid with IslandingCapacity
~ - -
~ ~ Z ’
= N 3
IEIGrid balancefrom supplyside - \.\‘
. 380/220KW
A

/ ? Vlrtual Power Plants [

Transmission Technology

Storage Technology

J C 51 5 L l .
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&n{! ﬂ ¥ WG| o
_____ ’ UNIVERSITY OF APPLIED SCIENCES i
PLMS=PowerandLoad Management SyStem .....eumenienien 7 W, S { Conclusior
MNMS=Micro-Grid Network Management System




Energy System of the Future (Multi-Direction )
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Power Plant Technology (1/)

Conventional
Energy

CE-Power

-
bl L "
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Power Plant Technology: Base Load Variability (1/)

0 == =3 PP W W DOy

Daily electricitydemand pattern®ne in summer and omewinter, in Abu Dhabi (year 2008).

The large differences idemand betweesummer and winter make that thidization factor ofthe

powerstations in Abu Dhabi is only about %0
Renewable Energy combined with flexible power plants would be an economical choice for Abu DI

‘.. VAASAN AMMATTIKORKEAKOULU
"‘.. VASA YRKESHOGSKOLA
@ UNIVERSITY OF APPLIED SCIENCES

Source: JakobKlimstra & Markus Hotakainen Smart Power Generation



Power Plant Technology: Base Load Variability (1/)

RED: BLUE: Green:
Week 3, Janvary 2010 Week 28, August 2010  Week 32, August 2010
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Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Typical weeklyelectricity demandurves inFinland. 53% for Industry, 27% for other

The relatively larggrearround baséoad of 7 GW makes in Finland very suitable fouclear. anadtoatfired power plants. Such plants

have maximuneconomic performander a highutilization factor.
Demandn Finland doesiot showtypical peaks.

Since the Finnish system is parttbé Nordel network, systembalancing isnainly done with its own hydropower with suppfsdm

Norwegianand Swedish hydropower.
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Power Plant Technology: Variability caused by Renewable

Energy (1/)

Load curve dynamics dTexas, 15 GW Wind

— Load

— Load-Wind

— Wind (15000 MW)
32000 1 —»— Load 1Hr Deltas

—=— Load-Wind 1Hr Deltas

36000 -

Minimum Load/Net-Load Day (March 27)
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16000 -

12000 -
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14000
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+ -2000

T -4000
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Hour of Day

Maximum load ramp up is 3,5 GW / hour while maximum net load ramp up is 5,5 GW / hour
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Up-regulation sequences for different power plants

Load % Load %

5 minutes to full load!

100

90

80

70

Additional 60
power from 50
Faster plant 40

30

20

10

5 10 15 20 25 30 35 40 45 50 55 mins

mmmmm  Coal Fired power plant s Aeroderivative power plant (GTSC)
mmssss  Combined Cycle Gaz Turbine (GTCC)  m=====  Combustion Engine power plant

mmmm=  |ndustrial GT power plant (GTSC)



Energy System of the Future (Multi-Direction )

==== Branchlinesform own protectionzone
— . — : Data/InformationTransfer

------ . Micro-Grid with IslandingCapacity

Grid balancefrom supplyside

Virtual Power Plants

)  Bad tad N
P with PLMS <@ ‘

e
-

P Storage Technology
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Transmission Technology: Distributed & Virtual Power Plant

Numberof PowerPlants

The future of the electrical network will include
renewable energy sources from both the supply
side and distributioside

The VPPcanbethe combinationof:

V DecentralisedVind pp, heatpumps a CHP andndustrial
PMS

V Decentralisedsolarpp, PIEV, PIHV and aesidentialPMS

V é. et c.

Grid Stability requestdalancebetween
power generationandconsumption

Energy
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The DEMV®Project: IEC 61850 Multi Vendor Environment

VAMP
.. Terminals
= S
- \ ‘ Enes - b
= " Testin //\ =] 258
/, /ﬁ»aﬁd Research‘ <y Terminals
Envir
Siemens ﬁi’ WVironmeps VACON
Terminals N\ i)ﬁ" Solar Power
'a\ p
N =
Schneider
Electric
Terminals Wartsila

Diesel Genset

1.10.2013 © Erkki AntilaUniversityof Vaasa 30



IEC 61850 Multi Vendor System Diagram

Substation Automation System (Schneider Electric) Network Control Center (ABB)

Network Control System

Operator Interface
MicroSCADA Pro Ver. 9.3

PACIS i

Workstation 2
PCM®600 Ver. 2.4

Workstation 1

System Configuration Editor (SCE

System Management Tool (SMT) |EC 60870-5-104/ Engineering Pro + IET600 System
Ethernet I 1 H
RJ45/CAT6 COME00 e 6 SABG00 Ver. 3.5 Diagnostics Workst_atlon 3
Communication
Gateway

i
i
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i
i
:
i
i
i
i
i
1
i
i
i
i
: IEC 61850/Ethernet ~ MiCOM S1 Studio
1
i
:
:
i
i
i
i
i
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i
:
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i
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1

IEC 61850/Ethernet
Backbone-fibre optic

Test Rack 1 Test Rack 2 Test Rack 3 Test Rack 4
Distribution Network 1 Distribution Network 2 Subtransmission Network Distributed Power Generation

' 1 1
i ! '
' T 1
| IEC 61850/Ethernet ! 1 IEC 61850/Ethernet IEC 61850/Ethernet IEC 61850/Ethernet |
| RI4SI [ VR4S [ RJ45/ RJ45/ i
i CAT6 : | | CAT6 .__ CAT6 i
: b :
! L) 1
: o .. '
' L 1
' T 1 p— — !
Do ™ - :
' O i (55 H
P Pl - ’
o e o e R I - . .l I Sy !
2 pcs VAMP 52 2 pcs ABB REF630 ABB RET630 & REF615 Wartsila Genset Simulation with Siemens S7-mEC
2 pcs ABB REF615 1 pcs SE MiCOM P139 2 pcs Siemens 7SA6311 Vacon Solar 8000 Power Conyverter
2 pcs Siemens 7SJ8041 1 pcs VAMP 300 2 pcs Schneider P543

2 pcs Siemens 7SJ6312

Protection Relay Test Set and
Commissioning Tool

1.10.2013 31



Participants in DEMVEProject
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Energy System of the Future (Multi-Direction )

==== Branchlinesform own protectionzone
— . — : Data/InformationTransfer

------ . Micro-Grid with IslandingCapacity
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LV and Distribution System Technology

> Micro Grid

> Intelligent Protection

» Energy Storage Technology
» Electrical Venhicle

O
.0
%



Micro-Grid

/ .... VAASAN AMMATTIKORKEAKOULUY

‘... VASA YRKESHOGSKOLA
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Micro-Grid Control|Center

Conclusiom . Continue .



Intelligent protection (1/3)

Conventional protection system

Advanced multizone
arc flash protection system

VAMP 221
Ceniral Unit

- —

-

s ]

3di>
1>, 1>>
Lo>, 152>
S0/51, SO/SIN
>
SIN
1>, [>>
16> 15>>
50/51, S0/5IN
b X X
Ve
1< >, 15> >, 1>>
9727 {11 D 1>, 12>
o q shrst. So/sIN q S0/51, SO/5IN
v v

Conventional protection system of MV/LV swiichgear

Total fault clearing time typically:

Outgoing feeder 50 (relay) + 50 (CBYLOOms

+ 15ms (AutoRecolosing

Incomingfeeder 350 (relay)+ 50 (CB)400ms

IONE 1
£
IONE 2
> S 2
I T

Re-VAMP ed arc flash protection system for MV/LV switchgear

Total fault clearing time typically:
Outgoinglncomming feeder7 (relay) + 50 (CB)=57 ms

B VAASAN AMMATTIKORKEAKOULU
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Protection System oExample 1 (3/3)

Normal situation :

The Main transformer feeds
the busbar . A fault inthe cable
compartment

L}i Only the faulted
outgoing feeder

H"f = tripped . Busbar and
~ other feeders stillin

VAMP 255 Service ]

1<

AASAN AMM IKORKEAKOULY
VASA YREKLSHOGSKOLA
INIVERSITY OF APPLIED s(‘(r43§7

o
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Energy Storage Technology: Electrical Vehicle (1/9)

45000

40000

35000

Load, MW

30000

25000

20000

Figure SourceAlec Brooks, Tom Gagejtegrationof Electric
Drive Vehicles withthem the Electri®®ower Grid-- a New Value

100,000 vehicles ¢ —_

provide 3 hours of T
peak power

/

A

N\

NS

1 1 1 1 1 1
1 2 3 4 568 6 7 & 9 101112 13 14 1516 17 18 19 20 21 22 23 24

Bour

Stream

Figuresource:MikaR&sanenLithium Batteries for the long run
EuropearBatteries http://www.europeanbatteries.com
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Energy Storage Technology: Application (2/9)

Electrons

Anode Cathode

Flactralvta

Figuresource: MikaR&asanenLithium Batteries for the longun. http:/Aww.europeanbatteries.fi /
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Energy Storage Technology: Electrical Vehicle (3/9)
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Energy Storage Technology: Electrical Vehicle (4/9)
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Energy Storage Techmology : Electrical Vehicle (5/9)
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Energy Storage Technology: Electrical Vehicle (6/9)
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The bottleneck of Smart Grid: DS & Consumers

p—

U Reliable Commication and IT systems

U Data acquisition and control :
A MV source-Grid
A MV SourceLoad

- Intelligent Substation

A MVto LV =
U Monitoring low voltagestations : ;
U Monitoring consumerappliances - hiedigent Metering
U Modelling ConsumerBehavior
u ée. =
Transactivity

IntelligentPricing

But mustbeimplementedno the existingelectricalnetwork

O VAASAN 4 AKOULU
M
.".. VASA YREKESHOGSKOLA

@ UNIVERSITY OF APPLIED SCIENCES



Conclusion 2

» Power Plant Technology Is getting more flexible
with advanced CC to make it smart grid enabled

» VPP & DC Technology for the Optimization of
Transmission

> Protection System are getting smarter



The bottleneck of Smart Grid: Customer

Virtual Electric Vehicles

Power Plant

Wind Generation

....................

Transmission + 4+ Distribution . Fad
Power Plant Substation |4 Substation o
) ' LAY e :
-~ _". o ’\\ A
' ' A}
' '
' '

' ' ’ f v e
Solar Generation Wind Generation ﬁ

Solar Generation

Homes

Key Questions:
1. How to understand theustomer behaviorandusage patterns
2. How to establish data Network between thgrid andconsumers

Industry

AMI: AdvancedMetring Infrastructure
-1

DM I Demandéide Man

AN AMMATTIKORKEAXOULLY
. VASA YRKESHOGSKOLA

o. SNOGS
’ NIVERSITY OF APPLIED SCIENCES



The cornerstones of Smart Grid: Communication

Stakeholder Trader Virtual power plant DNO
Database CIM IEC 61968 CIM IEC 61968 CIM IEC 61850

.

Security, Performance : IECTS 62351

ICT infrastructure Communication: IEC 61850

Converter |IEC Conversion
i | I | '
Process Data Meters Meters RTUs RTUs
Clients Consumers Producers, Storage 20 kV terminals
Legend: . Parallel Meter IEC 61850 :'T"J =E0TMOD i“fOTm?tiOT‘ model
* signals protocol protocol = Remote terminal unit

DNO - Distribution network operator ***
Source Antonio MatamalaWeb2Energy (W2E) Smart Grids IR Y A sl .




The IEC 61850 standard

IEC 61850is the international standard that defines the
hardwareandcommunication requirements for all products
within substation automation

IEC 618503 is the hardware standard of general requirements
ensures environmental a&dllimmunityy of network devices
used in substations.




Best possible solution for the SA is the IEC 61850

= SA specific data model * Model according to state-of-the-art SA technology

evolves slowly

» Communication technology Qﬂiﬂ Model (UbjECtS,SEWiCED

changes quickly

= Splitting of SA specific

data mnc!el 'rﬂm Client Server GOOSE* Sampled
communication technolog Communication Values
f
/ Ma pping
Abstract .’I l
Communication f
Services f,f'
Interface (ACSI) f ]
— #f MMS Real time
C . .
Interface Communication
TCP
ISOVOSI — Stack
Hierarchical set of IP
Rules how information is coded f
tr:nsiniggi;rr: pEn e Ethernet Link Layer
?S;?L‘ﬂﬁi;‘;ﬁfﬁnﬂﬁgi“ Ethernet Physical Layer with Priority tagging (100 Mbit/s)

* Generic Object Oriented = Stack selection according to the state-of-the-art
Substation Event Communication technology

Figure source: Klaus Peter Brand , ABB Power Technologies AB

‘. VAASAN AMMATTIKORKEAKOULU

. H HH H S 0.0 viih YRKISNOGSKOLA
MMS: Manufacturing Message Specification . N S chog ae avpnike sateiesd




Interoperability at the SA level: IEC 61850

> Different SA elements can exchange data

(- —n

Figure source: http://www.vamp.fi

/I-—-

——

IEC 61850 isusedfor grid integration
And SA communicationfor all
Transmission andDistribution




/ logical device (Bay)

61850-7-2
Services

(Virtual Wor|7

LR

T
S
‘_9-’u |
G dmdiel )i |
| MMS ; & ' !
- Network % S
\\-u- s %
Q
) :

=

\

Position

N

]

SCSM [
61850-8-1 Mode
61850-7-4 logical node \—

(circuit breaker)

T 1

61850-6
configuration file

61850-7-4 data
(Position)

virtualisation

Real devices
in any
substation



Interoperability at the consumer level: PLC

« DLMS/COSEM

o [EC 62056-21/FLAG
o [EC 62056-31 Euridis
«EN 13757 M-Bus

o ZigBee

« 802.11/WiFi

o SML

o KNX
« ZigBee Smart Energy
« Homeplug

« 802.11/WiFi
«blowpan

« DPWS

o LonTalk

&

Multi-utility meter

I4

End Customer Devices
(Home Automation)

Vi

Handheld terminal

I3

Electricity Meter &
Communication hub

I1

« DLMS/COSEM
«JEC 61334-5 PLC

« PRIME
«SML
«SITRED

« DLMS/COSEM

« [EC 62056-21 (mode D/E)
« [EC 62056-31 Euridis
«EN 13757 M-Bus

« ZigBee

«802.11/WiFi

«SML

« DLMS/COSEM
« GSM/GPRS/UMTS
« Internet

<T*

\

—

Data concentrator

+ DLMS/COSEM
« ZigBee
«802.11/WiFi
+SML

Handheld terminal

Central System

12’

/ )  IEC 62445-1/2

«[EC 61850

o [EC 62445-1/2
«DNP3

« [EC 61968-9 & CIM

« [EC 60870-5 [
=

Control center

Customer Relations
and Billing

o

Asset Management

Supplier and
Grid companies

B VAASAN AMMATTIKORKEAKOULU
)
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Smart Meter Project

“Smart™
Meter

=

“‘Dumb‘"
Meter

Home
COmmuni-
cation

I

Interface,
Protocol

&

“smart”™ meter

Manual or
Manual [:} Automaied
Reading processing
Interface,
Galcway t:b Protocol

::3 Database

Figure source: Roban Gerwen Saskialaarsmand RobWilhite .Smart Metering by, KEMA, The Netherlands, July 2006

5 A N AMN T RKE
’:‘:‘ A t Gsx0



Smart Meter: Where we are?

b4

Dumb
Meter

4 Database

Dumb Meter: manual operations

Electronic
Meter

Electronic Meter With Communication Channel: Automatic Meter Reading




Smart Meter: Where we want to go

N e AL

— ((l:

Distrinution substation

PLMS: Power and Load Management System.

MV-LV

DC: Data Concentrator

Smart Meter




Smart Meter . System Architecture
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