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Status quo In Northern Europe
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e comuses ‘ R Source: Statnett, "Grid development plan 2015", April, 2015
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MARKET-WIFE MECHANISM
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Implementation of CRM in Europe, as of June 2014.
Source: Eurelectric, "Renewable energy and security of supply: Finding
market solutions.", 2014

@ NTNU Norwegian University of Science and Technology




M O t I V at I O n Provision of

back-up
capacity

Impact on Capacity
market & mechanisms
system throughout
adequacy Value of Europe
capacity
through
HVDC cables?

Reliability of Norway as

HVDC cables

green
battery

(O] NTNU Norwegian University of Science and Technology



Options for cross-border participation

AVAILABILITY

LA

e Capacity providers sell

their capacity cross-border.

¢ They would be responsible
only for being available
in scarcity situations.

CAPACITY
PROVIDER

)

e Interconnector sells
capacity cross-border,
It would be responsible
only for being available
in scarcity situations.
(In this case, the inter-
connector on its tum
would probably contract
“back to back" availability
with market actors in
the “export™ market).

INTERCONNECTOR

DELIVERY

O

e Capacity providers sell
their capacity cross-border.

e They would be responsible
for being available
in scarcity situations
and that electricity flows
from their own bidding zone
cross-border to the zone
where capacity has been sold.

O

o Interconnector sells
capacity cross-border.

e [t would be responsible
for being available
in scarcity situations
and that electricity flows
cross-border to the zone
where capacity has been sold.

Source: Eurelectric, "Renewable energy and security of supply: Finding market solutions.", 2014
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Statistics Nordic HVYDC cables

Overview of each HVDC link in all categories

NorNed [Export NO2 -> NL] Emax 6.39 TWh
™ Unavailable (%) = Transmission (%) ™ Technical capacity not used (%) W Disturbance outage ® Maintenance outage W Other outages
® Limitations ® Export losses Export
Baltic Cable _ 329 48% Lo Import ® Import losses Technical capacity not used
Estlink 1 7% 36% ol . 7
70%
50%
Fenno-Skan 2 60% 36% m I I
20%
Ki k 71% 25%
onte 1::: — — — — — — — . - .
Konti-Skan 1 _ 232% 41% January February March  April May June July August September Cctober November December Total
Konti-Skan 2 - 50% 44%
s e e 10% Unavailable exchange capacity (E;) on average 12%
Skagerrak 1 - 59% 29%
skagerrak 2 | I so% 2% Average E, due to disturbance 4.7%
Skagerrak 3 - 65% 25%
. : o ~
——— - - Highest E, due to disturbance 25% ~ 13 weeks
SwePol 35% 62% .
B NorNed cable E; 19%, mostly due to disturbance outages
Vyborg link - 36% 56%

0% 10% 20 % 30% 40 % 50 % 60 % 70 % 80 % 90 % 100 %

=> 3 disturbance cases: 4.7%, 12%, 25%

Source: ENTSO-E Regional Nordic Group, "Nordic HVDC utilization and

S =5 NorNed used as benchmark cable
unavailability statistics 2013.", 2014
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The power system model
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Case study

Study object

Analysis of outages for the

Nord.Link HVDC cable

e Connecting Norway and Germany
e Planned to be commenced in 2020
e 1.4 GW installed transmission capacity

e Assumed to have same characteristics as
the existing NorNed HVDC cable
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Case study

Assumptions

Outages with different duration: 1 week to 13 weeks

Always assumed to occur at the begin of the year (highest probability of
generation capacity shortage)

Only one outage assumed during the year

Comparison of transmission outage with equvivalent outage of thermal
production capacity

Economic analysis of energy-only market vs. Capacity remuneration
mechanism
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Differences in climatic years
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Impact on the exchange

Across Nord.Link — 3 weeks outage
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Economic impaC’[ Sensitivity to outage length

Change in socio-economic surplus
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Economic impaC’[ Sensitivity to outage length

Change in consumer surplus in Germany
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Impact on consumers

Generation outage vs HVDC outage

Change in consumer surplus in Germany for 3 weeks outage
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Impact on consumers
EOM vs CRM

Change in consumer surplus in Germany for 3 weeks outage
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Conclusions

A transmission cable outage is expensive for consumers in continental
Europe if it occurs during power capacity shortage. Consequences of outage
are more sensitive to the initial power situation and the market solution in
the affected area than the outage length.

An outage of one link is not covered by increased power flow in other
interconnections during power capacity shortage, as these cables already are
fully loaded due to price difference in such circumstances.

Cable outages have identical consequences like generation capacity outage
for the continent. Hence, it is suggested that cross-border capacity should be
included in foreign Capacity Remuneration Mechanism (CRM).
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Source: statkraft.no

Thank you for your attention

Contact: magnus.korpas@ntnu.no
Department of Electric Power Engineering
Power systems group
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