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Framtidens elnat

"Framtidens elnat ska o
vara smarta”, Vanlig fraga:

'Smaurt Grids’

'Smart Grids’ ar nog
bra.....

men vem vill betala for
dessa finesser ?

A




'Smart Grids’ ar nog bra, men vem vill
betala for dessa finesser ?

> Det ar alltid elkunderna som betalar

> Smart Grids maste vara det smartaste dvs
ocksa det ekonomiskt basta sattet att I0sa
problem man star infor

> Smart Grids maste drivas av sunda
affarsmassiga incitament




'Smart Grids’

Det mest intelligenta, verkningsfulla och |
ekonomiska sattet att med __hja|P av ny teknologi
utveckla dagens elsystem for att mota de krav
som stalls for en langsiktigt hallbar
energiforsorjning

'Smart Grids’ ?

'Smart Systems’ !!




Investments to meet the climatic challenges
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1/3 to 1/2 of Investments needed In traﬁsmission

source: World Energy Outlook, 2006
(+ exchange rates corrections to 08)




Svenska Kraftnats uppagifter

Overféring

Stamnat och utlandsforbindelser

Systemansvar
Balansreglering

Shitt 1
3000 MW

Snitt 2
7000 MW

Shitt 4
4500 MW




Uppdrag

Att utveckla det nordiska elsystemet
till ett effektivt instrument for att na
de energi- och klimatpolitiska malen

20/20/20 ar 2020

.... och dar bortom |




Seven key EU technology challenges for the next
10 years to meet the 2020 targets, the SET-plan:

1. Make second generation biofuels competitive alternatives to
fossil fuels, while respecting the sustainability of their
production;

2. Enable commercial use of technologies for CO2 capture,
transport and storage through demonstration at industrial
scale, |nhclud|ng whole system efficiency and advanced
research;

3. Double the power generation capacity of the largest wind
turbines, with offshore wind as the lead application;

4. Demonstrate commercial readiness of large-scale
Photovoltaic (PV) and Concentrated Solar Power;

5, ITEnabIe a single, smart European electricity grid able to

accommodate the massive integration of renewable and
decentralised energy sources;

6. Bring to mass market more efficient energy conversion and
end-use devices and systems, in buildings, transport and
industry, such as poly-generation and fuel cells;

7. Maintain competitiveness in fission technologies, together
with long-term waste management solutions;




A 20XX large-net European Vvision - based on smart thinking

Hydro power Hydro
Solar power 209 GW_

A Wind power %}

DC transmission
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Scenarier for vindkraftutvecklingen i Sverige

aQ Summering av alla identifierade projekt:
36 000 MW / 90 TWh e

Q-

Q-

Q Faststalld planeringsram for att majliggor:
30 TWh /12 000 MW

Q Installerad kapacitet:
Vattenkraft 16 000 MW

9 000 MW

Karnkraft




Markbygden, Pitea
2000-4000 MW

Juktan 300 MW . Omraden med storre

vindkraftprojekt
Storfinnforsen

1000 MW

Halsingland
Gastrikland
2000 MW

Dalarna
1000 MW

Bohuslan/Dalsland
1500 MW

Smaland /Halland
1500-MW




Mest trolig utveckling i Sverige till ar 2020

> Vindkraft ca 12 - 15 TWh

> Elenergioverskott 20 — 30 TWh

> Vindkraft
> Biobranslebaserad produktion
> Effekthojd karnkraft

> Exportpotential for att ersatta CO,
belastande produktion | andra lander




Projekt i norra Norge som lamnat in ansokan till NVE

2575 1185

2615

2900

Nordkyn 750 MW Eliastoppen 40 MW

Skjgtningberg 400 MW . .
Laukvikdalsfjellet 70 MW

725

Havgygavlen 40 MW Gartefjell 40 MW X
o ) Seglkollfjellet 350 MW
Snefjord 160 MW Laksefjorden 100 M
Digé eh209 Nws
3100 Hammerfest 110 MW g Batsfiord 120 MW
ogeanror350 X
Sgraya 15 MW ) 0

\ Domen, 100 MW

\‘ » Skallhalsen, 65 MW
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jﬂg ,) Rieppi 63 MW U’ Buggynes 90 MW
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Nord-Norge:
Finnmark: 2900 MW

Troms 680 MW
Nordland: 1025 MW

Midt-Norge
Trgndelag: 2210 MW Mgre &
Romsdal: 2215 MW

4855

Fosen offsh.: 600 MW

essakerfiellet 50 MW
Frgya 200 MW

Summa Nord-Norge &
Mitt-Norge: Ca 9000 MW

Hitra 55 MW
=)




Utveckling av fornybar elproduktion i ett
nordeuropeiskt perspektiv




Wind Generation in PJM - Operational and Proposed
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NN |nstalled capacity (April 2010) (s

DE ESPANA IBERDRO
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Cogeneration Waste Treat. Hydro-power
B,69% 1,33%

Hydro RE

Blomass

Coal

Muclear
L, 39%

Combined cycles
Total (ordinary regime) 60483 65.3 19559 323

Wind power generation
Solar power

Biomass

Special regime hydro

Fuel-Gas -
2,01% Cogeneration

Waste treatment
Total (special regime) 32162 347 5995 186
Total 92 645 MW 25500 MW




EE-;R.:,. Wind energy characteristics and records

DE ESPANA IBERDROLA
MAXIMUM PRODUCTION DEMAND vs. WIND PRODUCTION
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> Installed wind capacity 18 805 MW. Planned: 29 GW in 2016.

= High wind variability and significant contribution to demand supply (14% in 2009).
o> Maximum instantaneous wind production: 12.916 MW (24/02/2010).

2> Minimum instant production in one year 164 MW (03/06/2009).

2> Maximum instantaneous supply: 54% of demand.
. ) 8/11/2009
2> Maximum daily demand supply: 45%.

Wind Production Darnand \Wind Froduction/Demand | | —Wind Production —— Dremand ——Wind Prod_/Demand |

The experience with integrating renewable energy into the Spanish Electricity Market &




Reglerbehov for att balansera vindkraften

Sammanlagring/palagring mellan Svarprognoserbart i tiden
vindkraft och forbrukning
Exempel fran Tyskland
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Reglerbehov ca 10 000 MW




Balansreglering | vattenkratft

Effektiv, utslappsfri ....hogt utnyttjad redan idag

MWh/h
30000
25000
20000 -
i + Import / - Export
15000 mmm Vattenkraft
Vindkraft
10000 mm Varmekraft
mm Karnkraft
5000 —s—Elavéndning
0
-5000
-10000
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Balansreglering | vattenkratft

Forutsattningar:
> Inbyggd reglerférmaga i vattenvagar, svallgallerier, regulatorer mm
> Vattenhushallningsbestammelser (vattendomar)

v Magasinsnivaer, vy, nvy moh
v Flddesbegransningar Qmax, Qmin  m3/s
v Flodesforandringar max Z2\Q m3/s, h

Omprovningar enligt miljobalken tenderar att inskrdnka reglerbarheten
av hansyn till lokala miljoaspekter
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Balansreglering

e Balansreglering i vattenkraft ar mycket effektivt

* Reglerformagan i den nordiska vattenkraften
kommer att efterfragas for behoven i ovriga Europa,
men den ar inte oandlig

* Att halla fossileldad produktion i drift endast for
balansreglering ar inte miljomassigt acceptabelt

* Snabb balansreglering i karnkraft ar inte
reaktorsakerhetsmassigt accepterat i Sverige




Vattenkraftens reglerférmaga

> Hur stor vindkraftutbyggnad racker den till?
10 TWh? 30 TWh ?

> Reglerbehov inom och utom Sverige

> Regleringen blir dyrare ju hardare den
kommer att utnyttjas
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Reglerférmaga i forbrukningsledet
Smart Grids — Smart Systems

Customer

Thermal o=y

Customer Storage | ' Building /
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Elbilar - | |
en balansregleringsresurs i elsystemet

Transmission System Operator

Power

Aggregator Wireless
Provider

/




Smart .
Appliance Security
Load Self
Management Generation
A
\ )
|
¥

“Cash Back” for Storage

$10/day (20 Hrs.)

ALTA[EH.I,;’JEANG Ce ‘AES IL 1 MW
= 77 <
~ $850/day
> LAAggregator
0.018 MW

1.018 MW

Smart Grid Network
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Reliaiiy ~ Grid
Signal

System
Planning

 Frequency Regulation Signal




Vattenfall Priority Areas for Smart Grids




Fortums Smart Grid tolkning:
“Kanske ser det ut sa har!”

Efficient

building

Utility systems
communications

<
L
Consumer porta
& building EMS I

Internet

=y, “\B,
WIN;

>

Advance

Dynamic
systems
control

Smart
end-user
devices

generation

Data management 2 storage

29



Stockholm Royal Seaport — An emerging environmental
profile area and international showcase, coop. ABB - Fortum

Vision

> Royal Seaport — A sustainable urban city
performing world class

Objectives

> Year 2030 the Royal Seaport is fossil
free

> Year 2020 CO2-emissions below 1,5 ton
per person

Focus areas

> Effective energy end-usage

> Environmental effective transports

> Local re-cycling

> Life style




Development and demonstration of a large scale
Smart Grid in Stockholm Royal Seaport ABB-Fortum

. Smart homes/Buildings and Demand Response
©) Distributed Energy Systems

® Integration and Use of electric vehicles

. Energy Storage for Network Support and DES
. Harbor Control Solution

‘ Smart Primary Substations

.—Smaﬁ—erﬁd—l:ab—(paﬁ—o#—Royal—Seapo%tab)




32

Governmental

v agencies
T/I Stake-holders égé
Network : i
companies in Smart-Grid Regulators

Energy service
providers

Researchers

Stig Goethe P.C. Annual meeting 2009



Effektbalans
Formagan att klara hoga forbrukningstoppar

> Svenska Kraftnat har en uppgift enligt lag

att uppratthalla en effektreserv pa 2000
MW

> Inriktning att den effektreserven ska
trappas ner och avvecklas till 2018

> Efterhand forvantas effektbalansen klaras
med hogre grad av flexibilitet pa
forbrukningssidan




Balansreglering, arbetsfordelning

+ /- Primar- och sekundarreglering,
systemtjanster som aktiveras av den
systemansvarige

A, B och C Timvis reglering
av respektive balansansvarigt
foretag

Verklig produktion lika
med elférbrukningen




Balance management, Market mechanisms

Day before delivery (D-1)

kl 12

kl 15

Day for delivery (D)

Hour for delivery

kl 12

i

(D-1)
Elspot

(4 countries)

Day-aﬁead market

Intraday market (D)

Elbas

i

Day after delivery (D+1)

Balance planning

> load forecasts
> commercial trade
> generating plans

Balance settlement

Balance regulation
> Regulating power
> automatic

> called

\ > Balance power



Forutsattningar for att uppna
flexibilitet | elanvandningen

Ett dynamiskt elpris maste kommuniceras hela vagen
ut till elanvandarna.... och deras automatiker

Matning och hantering av méatvarden maste ske med
minst timupplosning

Utveckling av marknadsmekanismerna, elbdrs mm

Nya aktorsformer kommer att uppsta som kan
aggregera manga mindre elanvandares prestationer

Integrering med atgarder for att na
energieffektivitetsmalen

Smart Grids !




Forstarkning av overforingsformagan

Q: Demands on transmission?
Al:Bring wind energy to consumers
A2:Manage fluctuations of flow
A3:and Balance with complementary

resources




ENTSO-E Association of European TSO:s
Ten Year Network Development Plan TYNDP

Evolving from a reliable transmission network designed for optimization of
generation resources ...

Electricity Directive 96/92/EC (1999)

...towards a transmission network implementing EU energy & climate
policies and maximising welfare.

June 3, 2010 38



Pilot TYNDP delivers

Total projects AC<300kV
42100 km AC> 300 kV 2900 km
29600 km 17%
Transmission investment projects that I """"""""""""""""""
22%
answer the three pillars of EU energy
. . 56%
pOIICy' longterm
> Security of Supply O upgrade
> Integration of RES 78 [ T
> The completion of the IEM L
w Peosmkm
Driven by SoS mid term
26000 km

_Driv_e_ni;y |
~14% of existing transmission line km

June 3, 2010 39



Okade behov av dverforingskapacitet

Kraftnatet i Nordvésteuropa i

> Qverfora vindkraft och annan
fornybar produktion

A4 > Overfora ersattande produktion

> M0jliggora utnyttjning av
effektiva reglerresurser,
fr a nordisk vattenkraft




Overforing i stamnatets snitt

Varaktighetskurvor Snitt 2
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Snitt 4

4500 MW

*Otillracklig overforingsformaga gor vattenkraftens
reglerformaga otillganglig for det dvriga systemet

*Prisomradesindelningen férandrar inte de
fysiska 6verforingsforutsattningarna




Forstarkningar av stamnatets
overforingsférmaga

3:e AC-ledning Sv-Finl

Nord-syd i Sverige och Norge (
Snitt 1 - Snitt 2 =

Karnkratft,
effekthojningar

SydVastlanken
HVDC VSC

f .. NordBalt
HVDC VSC

2
N




FOrstarkningar av stamnatet i norr




Fenno-Skan 2

Fenno-Skan 2 HVDC interconnection cross section

Sweden Finland
Kraftnét 0 km 70 km 2 km 194 km 0,3km 33 km 0 km
[ | [ I | |
\\
% ~

400 kV 500 kV Transition Transition 500 kV 400 kV
Substation Converter Station Station Converter Substation
Station Dannebo Rihtniemi Station
Finnbdle Rauma
Submarine
Cable

» Tillstand klara

» Kontrakt tecknade

» Tillverkning sjokabel och omriktarstationer pagar
o | drift december 2011



EffekthGjning Forsmark
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Studie pagar

Nya ledningar kommer att
behbvas
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NordBalt
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SydVastlanken
-en 'Smart Grids’ tillampning

~ 1 En optimal komblnatlon av
-~  tvatekniker med hog
kapacitet, ca 1 200 MW

/ Vaxelstromsledning
Likstrom VSC-teknik

\

A iy




Overforingskapacitet
'Smart Grids’

/ Forbrukning

Produktion \ Lokal produktion

Systemskydd

e Forstarkningar med mycket hog kapacitet
t.ex UHV HVDC 2000-8000 MW

* Utveckling av avancerade systemskydd som
paverkar produktions- och forbrukningsleden




Fornyelse av stationerna
| stamnatet

> Total fornyelse
> Modern och enkel design
> Farre komponenter

*Stenkullen, 2006, finished
«Langbjorn, 2006, finished

*Horred, 2007, finished

*Hjalta, 2007, finished

*Stromma, 2008, finished

‘e .. sRamsele, 2008, finished

Syfte FOrba'['[rad *Forsmark,2009, ongoing
*Finnbdle, 2010, ongoing

tillforlitlighet och
minskat underhall

«Angsberg, 2010,  ongoing
«Storfinnforsen, 2011 ongoing
*Simpevarp, 2012  ongoing
*Hallsberg, 2013 ongoing
*Odensala, 2012

*Stackbo, 2013

*Skogssater, 2014

eForsmark, 2014

*Midskog, 2015
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o[ etsi, 2016



Svenska Krafthats investeringsplaner

MSEK
6000-

5000-

4000-

3000

2000+

1000-

O_.
1992 1995 1998 2001 2004 2007 2010 2013



Seven key EU technology challenges for the next
10 years to meet the 2020 targets, the SET-plan:

1. Make second generation biofuels competitive alternatives to
fossil fuels, while respecting the sustainability of their
production;

2. Enable commercial use of technologies for CO2 capture,
transport and storage through demonstration at industrial
scale, |nhclud|ng whole system efficiency and advanced
research;

3. Double the power generation capacity of the largest wind
turbines, with offshore wind as the lead application;

4. Demonstrate commercial readiness of large-scale
Photovoltaic (PV) and Concentrated Solar Power;

5, ITEnabIe a single, smart European electricity grid able to

accommodate the massive integration of renewable and
decentralised energy sources;

6. Bring to mass market more efficient energy conversion and
end-use devices and systems, in buildings, transport and
industry, such as poly-generation and fuel cells;

7. Maintain competitiveness in fission technologies, together
with long-term waste management solutions;




General information - 3

EIT Mission

Vision

The European Institute of Innovation and Technology (EIT) is
to be a key driver of sustainable European growth and
competitiveness through the stimulation of world-leading

innovations with a positive impact on economy and
society.

Mission

The mission of the EIT is to grow and capitalise on the
innovation capacity and capability of actors from higher
education, research, business and entrepreneurship from
the EU and beyond through the creation of highly
integrated Knowledge and Innovation Communities

(KICs).
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General information - 4

InnoEnergy KIC project proposal.

Thematic areas:

* (CC Poland - AGH: Clean Coal Technologies and new
paradigm for carbon management

» Alps Valleys (Grenoble): Sustainable nuclear &
renewable energy convergence

» Mediterranean (Barcelona): Renewables (Wind,
solar CSP, solar PV, wave and tidal energy), Industry
Energy Efi‘ir:iency

* (CC Karlsruhe/Stuttgart: Energy from chemical
fuels; Energy System Analysis Agency

* (CC Western Europe (Leuven-Eindhoven):
Intelligent energy-efficient buildings and cities

* (CC Stockholm: European Smart Electric Grid and
Electric Storage




Sourcas: Venlyx, ML, AWES, ZELW, Barkelky Lab

US Generating Capacity by Energy
Source

generation resources

100% in all areas of the US
is wind (almost 10 GW
80% added in 2009!)

0% 2002 2003 2004 2005 2006 2007 2008




Wind Energy — More Transmission

Needed

Composite Wind Resource Map
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U.S. DEPARTMENT OF

News Media Contact(s): For Immediate Release
(202) 586-4940 May 18, 2009

Locke, Chu Announce Significant Steps in Smart Grid
Development

WASHINGTON - U.S. Commerce Secretary Gary Locke and U.S. Energy Secretary Steven Chu
today announced significant progress that will help expedite development of a nationwide "smart"
electric power orid.

A Smart Grid would replace the current, outdated system and employ real-time, two-way
communication technologies to allow users to connect directly with power suppliers. The
development of the grid will create jobs and spur the development of innovative products that can be
exported. Once implemented, the Smart Grid is expected to save consumers money and reduce
America's dependence on foreign oil by improving efficiency and spurring the use of renewable
energy sources.

Before it can be constructed, however, there needs to be agreement on standards for the devices that
will connect the grid.




American Recovery and Reinvestment Act
$ 3.4B Federal( DOE) and $ 4.7B Non-Federal

Enhanced Situational Awareness and System Reliability

> Phasor Measurement Units
> Smart Transformers
> Automated Substations

Peak Demand Reduction
> Load Control Devices
> Smart Thermostats
Change in consumer behaviour and energy conservation
> Smart Meters
> In-Home Display Units
Energy Independence
> Electric Vehicles, Charging Stations




'Smart Grids’

Svenska Kraftnats perspektiv

Det mest intelligenta, verkningsfulla och ekonomiska
sattet att med hjalp av ny teknologi utveckla dagens
elsystem for att mota de krav som stélls for en langsiktigt
hallbar energiférsorjning

- Balansreglering, flexibel elanvandning, marknadsutveckling
- Overféringskapacitet, spanningsreglering

- Systemstabilisering
- Storningstalighet, stérningshantering

- Tillstandsovervakning

- Forlustminimering




Omfattande utbyggnad av vindkraft och
annan fornybar elproduktion

0 Stora behov av balansregleringsformaga

Q Stora forstarkningsbehov av transmissionsnatens
Overforingsformaga

Q Forandringar av elsystemets fysiska egenskaper

Utmaning att klara omstallningen utan negativa
foljdeffekter for driftsakerhet, ekonomi och miljo !




Tack for uppmarksamheten !




