Statnett

Viklandet and Tunnsjgdal SVCGs

Design, project execution and
Impact on grid utilization

Magne Meisingset, Project Manager Statnett




Statnett

Increasing energy deficit in central Norway

Orskog-Fardalg Vikl

/Qﬁ' 9 —
Y

R
\ 2 3
) / 4

11. august 2009

Norway:
X 97% hydropower
x 120 £30 TWh

x High correlation between
demand and air temperature

Central Norway:

x Large increase in demand

x Limited new local generation
x Increased energy deficit
X

In 2010, the max. deficit is
estimated to 12,5 TWh
(extremely dry year)

x Regional supply is critical
during odry
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Regional energy deficit in central Norway:

Industry developments is main reason

Ormen Lange gas-processing plant, Nyhamna
Gradual increase to 220 MW
(September 2007)

Hydro Aluminium, Sunndal
From 300 to 630 MW (2004)
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Measures to ensure security of supply

x  System Protection
A Load shedding at aluminium smelter

x  Spot Market solution
A Central Norway is separate bidding area in Spot Market
A From 20.11.2006-17.11.2008 and from 13.04.2009

x Energy Option Agreements

A voluntary market-based agreement, which gives Statnett the right to reduce
primarily | arge industry consumero6s consu

x Reserve Power

A Two 150 MW re-locatable gas-fired power plants at Tjeldebergodden and
Nyhamna substations

x  Criterion for exercising Energy Options and starting Reserve Power
A likelihood for rationing of electricity is considered higher than 50%
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Measures to ensure security

x Reactive Power Compensation

A Nine shunt capacitors of total
960 Mvar (2007-08)

A Two +250 Mvar SVC stations at
Viklandet and Tunnsjgdal
substations (2008) Central Norway
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Import capacity to central Norway
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Two SVC stations
iIncrease import capacity
by 2-400 MW

Removed central Norway
as separat bidding area in
Spot Market in nov. 2008.

Risk of insufficient import
capacity during extreme
dry years

Security of supply to
central Norway is

normalized in 2013 when
new 420 kV @rskog-
Fardal is commission




Statnett
Viklandet and Tunnsjgdal SVC stations,

Time Schedule

X Inquiry submission: 08.12.2006
x  Tender deadline: 15.03.2007
x  Letter of Intent: 23.03.2007
x  Contract with ABB (230.4 million SEK): 16.04.2007
x  Start of Trial Operation 07.11.2008 (Viklandet SVC)

14.12.2008 (Tunnsjgdal SVC)

11. august 2009 7



Statnett

Tunnsjgdal and Viklandet SVC stations
Main design and rating

optimized for 420 kV grid connection

+250 Mvar rating

6-pulse configuration

three 111 Mvar TCR branches

two 116 Mvar TSC branches

One 58 Mvar filter branch tuned to the 5™, 7th and 12 harmonics

X X X X X X
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Tunnsjgdal SVC station
SingleLine Diagram
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Statnett
Rating

x 4250 Mvar@420kV

x One 100 Mvar Mechanically
Switched Capacitor (MSC) at
Tunnsjgdal
(for increased 350 Mvar short-time
capacitive capability)

X Temporary connected to 300 kV
system voltage until the substation
IS upgraded to 420 kV.

A Reduced continuous rating, 140
Mvar inductive and 147 Mvar
capacitive capability.

A MSC can be continuously utilised,
increasing the capacitive capability
to 207 Mvar.
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