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Norwegian hydro and Danish wind
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Large hydropower relons |n Europe
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Unweighted average prices at Nordpool
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Transmission capacity

e NO-Sweden

=  North/Midle-Norway: 1 100 MW

=  South-Norway: 2 050 MW

=  SouthWest-link: 1 200 MW (2019)
e NO-Denmark

= SK1-3: 950 MW

= SK4: 600 MW (2014)
e NO-Netherlands

= NorNedl (NL): 700 MW

= NorNed2 (NL): 700 MW (2016)
 NO-Germany

= NorGer: 1 400 MW (2018)

= NORD.LINK: 1 400 MW (2018)
e NO-England

= 1400 MW (2020)

Possible interconnection capacity in
2020:

4 800 + 6 700 = 11 500 MW

CEDREN Centre for Environmental Design of Renewable Energy

Kraftforbindelser
med utlandet

e Sum av eksisterende ledninger

sum av eksisterende
sjokabler
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Hybrid systems — El Hierro island




Hybrid systems — El Hierro island
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Interesse for balansekraft
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= Oil-rich Norway could become rope’s ‘green battery’
S hydro power could help ease Europe’s transition to renewables. By ~Anca Gurzu



http://www.politico.eu/author/anca-gurzu/

Miljgvirkninger

Anleggsfasen Driftsfasen

« Erosjon og sediment- « Erosjon og sedimenter
transport . Andre fysiske forhold

- Deponering av masse . Fisk og andre biologiske

« Inngrep i inngrepsfri forhold

natur « Positiv og negativ retning

T ot "Tmom



Abiotiske effekter

CEDRE www.cedren.no/Projects/HydroBalance

Centre for Environmental Design of Renewable Energy



Biotiske effekter

CENTREFOR
ENVIRONMENT-
FRIENDLY ENERGY
RESEARCH

CEDRE www.cedren.no/Projects/HydroBalance
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Mulige effekter av raske
vannstandsendringer 1| magasiner

e Abiotiske endringer

— Strandlinja,
vannkvalitet,
temperatur, isdekt
periode...

e Biotiske endringer
— Biologisk
produktivitet,
artssammensetning,
fiskens diett, vekst
og produksjon...

CEDRE www.cedren.no/Projects/HydroBalance

Centre for Environmental Design of Renewable Energy



Naturlig variasjon I fiskevekst
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Norwegian
hydropower

Currently:
32 GW
130 TWh/year

i ;,ﬁ « Hundreds of large
R .
i reservoirs

« 20 reservoirs with
more than 100 Mm?3

« 20 GW of extra
capacity possible

« —~15 TWh always
availble storage

CEDREN Centre for Environmental Design of Renewable Energy



Case 1: Botsvatn - Vatnedalsvatn Upper reservoir:
Average Head 200 m ___ Vatnedalsvatn

Max storage: 296 Mm3 . 700 - 840 m.a.s.|
Potential storage 150 GWh gﬁl/ol

— - —
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| Lower reservoir:

| Botsvatn
& 4905 - 551 m.a.s.|
§ Volume: 296 Mill m3 &

CEDREN Centre for Environmental Design of Renewable Energy
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Water level variations

Stage Holen - upper reservaoir
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Water level variations

Stage Holen - lower reservoir
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oulet Suldal 182 HP

G5 Tharmes - Suldatrentn, S.04AL
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Detailed simulations
of PSP with outlet
INto Suldalsvatn

Intake Hylen HP

outlet Kvilldal HP

Temperature C

10.00
9.40
8.80
8.20
7.60
7.00
6.40
b.80
b.20
4.60
4.00

Layer Number

(]
o]

a7 102




10 m depth In

summer - today
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10 m depth In summer — with PSP

Production phase
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10 m depth In summer — with PSP
Pumping phase
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Samfunnsaksept




CO, emissions — preliminary results
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20 000 MW new capacity may save
26 Mtons CO, in 2050

CEDREN Centre for Environmental Design of Renewable Energy



Samfunnsaksept

« Intervju med norske interessenter

= Energiselskap, miljgorganisasjoner, friluftsliv,
vertskommuner, myndigheter

« Alle interessenter mener vi kan spille en
rolle for klima

« Norges bidrag blir trolig lite pga miljgkrav,
finansiering og risiko
« Usikkerhet rundt kommersielle muligheter

« Stgrste barriere: Nett og inntektsfordeling
- behov for politisk avklaring

« Velge magasin ut fra miljgkrav —
balansere klima — naturmiljg

- Vertskommuner og lokale interesser ma fa
sin del av verdiskapning

CEDREN Centre for Environmental Design of Renewable Energy =



Neeringsutvikling

« For produsenten

« Anleggsdrift (tunneldrift)
« Utstyrsleverandgrer

« Konsulenttjenester

- Handel

- Stattetjenester

Utbygging av 20 000 MW effekt over 15 ar vil
gi store muligheter for naeringsutvikling:

« Stgrre utbygging enn i “storhetstida”
30 000 arsverk
« Milliardsinvesteringer







Alternativer:
Pumpekraft (Limberg Il, @sterrike)




Trykkluft og
flytende luft

e Bruk av gruver og
fjellhaller for
lagring

e Bruker 1 dag
gasskraft

e FoU for a lage
luftturbiner

e FoU for bedre
effektivitet og
lavere varmetap

CEDREN Centre for Environmental Design of Renewable Energy



12 million French water heaters of —20 TWh

Load factor
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— « Before heaters: +/- 33 %

« After heaters: +/- 12 %
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New technologies —

Okinawa PSP - Japan Proposed in Sardinia, Italy
= No access to lakes = Proposed In several sites
= Scarce water resources = R&D required for equipment
- Isolated grids (islands) = The potential is very large

= Extra maintenance (salt water)

CEDREN Centre for Environmental Design of Renewable Energy



New technologies
— Underground pumped storage

Anschiug andas el Netz

Energie wird Unterbecken

Masthinsnkaverne

« Using existing mines
o Artificial caverns
« Conventional PSP technlogy

CEDREN Centre for Environmental Design of Renewable Energy
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Miljgvirkninger

|




Flere overfaringslinjer

Kollisjonsrisiko og virkninger
pa vilt og friluftsliv




_r.r

ok




= F i S W
e P e bt g W e A 0 -=‘-L-l-unﬂ

e
-I-

§ |.'ﬂ-\.5...

--'-'-. II.’




IS ?

Ikker

Us




Biodiversitet

CEDREN Centre for Environmental Design of Renewable Energy
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[t s a bit freaky with this HydroBaIance project 2013-2017, 24 Mill NOK

wireless technology

COPYRIGHT : MOATEN NGEMANN
« Usikker framtid — mange scenarioer — nye teknologier ?

« Okt behov for energy, energilagring og lagring av vann

« Raske og uventede endringer kan komme (...Fukoshima)

- Vannmagasin — alltid en meget god mate a lagre energi pa
. Alle tjenester fra vannkraft ma fa riktig betaling

CEDREN Centre for Environmental Design of Renewable Energy A >ﬁ\ E;""g:
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