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Innhold
• De store utfordringene

• Trenger vi mer energi?

• Utvikling innen vindenergi, 

– På land

– På havet

– Norges muligheter

• Hva gjør UiB
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De store utfordringene
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Menneskeskapte drivhusgasser
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Source: World Resource Institute / Center for climate and energy solutions.
https://www.c2es.org/content/international-emissions/

ENERGY

https://www.c2es.org/content/international-emissions/


Reduksjon av utslipp

• Verdens energiproduksjon og -bruk må legges om

– Fornybar energi

– Energieffektivisering

– Elektrifisering

• “Green Deal”: Karbonnøytralt EU i 2050! 
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Vindkraft (TWh/år)

NVE 2019 2040

Norge: 10 26

Norden:     53 161
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Statnett: Ny fornybar i Norge:     30 – 50 TWh/år



Effekt Energi

• 1kW

• 1MW = 1000kW

• 1GW = 1000MW

• 1TW = 1000GW

• Norsk vannkraft: 34 GW

• 1kW i 1 time:       1kWh

• 1kW i ett år : 8760kWh 

• 1MWh = 1000kWh

• 1GWh = 1000MWh

• 1TWh = 1000GWh

• Norsk vannkraft: ca. 140TWh/år

• 1 Norsk husholdning ca 20MWh/år

Litt om enheter
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From renewables to light  - incandescent light bulb
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Primær energi eller energitjenester?
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100

Kullkraft → 
glødelyspære

35

Fornybar → 
glødelyspære

Fornybar → 
LED lys

7

Samme tjeneste!
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Wind Globally (Installed power)

• Onshore (2018):                     573 GW

• Offshore (2018): 24 GW

– Europe: 19 GW

– Asia: 5 GW

• Nuclear power(globally):           392 GW

• Norwegian hydropower:              34 GW
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Sources: IRENA / WindEurope (2019)



Vindturbiner
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Vertikal akse turbin
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Source: Ghada Aboufares 2015 Performance 
Characteristics of a Vertical Axis Wind Turbine 
Operating in Different Environmental Conditions

Darreius

Source: Siemens: https://news.cision.com/siemens-process-industries-and-
drives/r/siemens-helps-make-vertical-axis-wind-turbine-a-reality,c9783370

https://www.researchgate.net/project/Performance-Characteristics-of-a-Vertical-Axis-Wind-Turbine-Operating-in-Different-Environmental-Conditions
https://news.cision.com/siemens-process-industries-and-drives/r/siemens-helps-make-vertical-axis-wind-turbine-a-reality,c9783370


Eksotiske løsninger –Makani (Google)
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Kilde: https://www.youtube.com/watch?v=F6NW0QeKLZA

Makani's first offshore energy kite flight, Karmøy aug. 2019

https://www.youtube.com/watch?v=F6NW0QeKLZA


Kitemill (Voss)
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Kilde: https://www.kitemill.no/ Generator

Tether

Kite / Wing

https://www.kitemill.no/page/14/Operasjon
https://www.kitemill.no/


Vindparker på land
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Wind Farm, Kern 
County,Tehachapi, CA. 1996

Midtfjellet vindpark, Fitjar, 2017

Nederland, 2019
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Vindkraftanlegg Norge, 31.12.2019

Utbygd
3,9 TWh/y (2018)

+ under utbygging + konsesjon gitt
Sum 24.1 TWh/y
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Holdninger til vindkraft, høsten 2019
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Holdning til vindkraft

Til lands Til havs

“Bør det bygges flere vindmøller på land / til havs i Norge?”

Kilde: Medborgerpanelet v/ E. Tvinnereim
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Holdninger til vindkraft, høsten 2019
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IEA ser potensialet til havs!
“One trillion dollars” 
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10 000 milliarder kr.        “oljefondet”

»
»



IEA 21.10.19:
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“Offshore wind currently accounts for just a tiny fraction of global power generation, but its 
potential growth over the next two decades is huge, according to the upcoming Offshore 
Wind Outlook 2019 that will be released Friday. (25.10.19)”
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Source: ClimateHome News
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Source: 
WindEurope Nov 

2019NORWAY: 30 GW



Havvindpark - Dudgeon
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Kilde: Equinor 67stk. 6 MW turbiner, 402MW



NRK 21.11.19
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Regjeringen ser potensialet, men…
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Norge uten mål!

Norge med Hywind Tampen:

0.088GW
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Kilde: Teknisk Ukeblad
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Havvindressurser
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Norsk potensial: 
Ca. 100 ganger 
dagens vannkraft
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Vindressurser (80 m høyde)
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http://www.nve.no/Global/Publikasjoner/Publikasjoner%2020
09/Oppdragsrapport%20A%202009/oppdragsrapportA9-
09.pdf
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Arealbehov

• 30 x 30 km: Vindkraft på land 
med konsesjon. (ca. 24 TWh/år)

• 70 x 70 km: All norsk vannkraft

• 140 x 140 km: Erstatte all norsk
gasseksport (hensyntatt

energikvalitet)
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Map: Google Maps. 
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Havvindens rolle for Norge

• Nye industrielle muligheter – vi har 
kompetansen.

• Redusere norske utslipp.

• Bidra i et fremtidig europeisk fornybart
energimarked.

SIDE 34

Fjellstrand

Hywind Tampen
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Energikostnad for havvind i Europa

LCOE
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Kilder: IEA, World Energy Outlook, 2019,
IRENA, Renewable energy costs, 2018

Nye fossilbaserte



Vindturbiners størrelse

Mars 2018:

GE lanserer 12 MW, 220m 
offshore turbin

16.01.19:

Siemens Gamesa lanserer 10MW 
193m offshore turbin
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Eksterne kostnader 
• Hva skal inkluderes?

• Klimaeffekter

• Helseeffekter

• Biologisk mangfold

• Konflikter i arealbruk

• …
• Hvordan verdsette og veie ulike hensyn? 

• Se f.eks. 

– European Env. Agency
http://www.eea.europa.eu/data-and-maps/indicators/en35-
external-costs-of-electricity-production-1

– IPPC SREEN, Special report on renewable energy (2011)
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http://www.eea.europa.eu/data-and-maps/indicators/en35-external-costs-of-electricity-production-1


Hurtig omstilling er mulig –
DONG - Ørsted
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Dypt vann – nye løsninger

FGN Feb 

2020
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Hywind Scotland

40

Photo: Ørjan Richardsen, Wordcam/EquinorP
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Nye utfordringer
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Wind resources
• Resource mapping

– Map and understand wind at 
various spatial and time-scales.

– Wind boundary layer over sea

– Infrastructure for observations

– Stability and turbulence 
evaluations

– Establish detailed numerical 
models 

• Inside the wind farm

– Wake models and multiple wakes

– Importance of stability on wake 
flow

Focus areas of Bergen Offshore Wind Centre
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Site evaluation Wind farm operations
• Environmental issues

– Mapping of ecology

– Mapping of soil properties

– Interaction wind, waves and current.

• Planning issues

– Use of areas, combined use, conflict 
handling

– Dynamic response of wind turbines

– Turbine localization and cable routing

– Sustainable finance

• Law issues

– Jurisdiction, national / International 
laws.

– Integration of offshore wind in the 
power market

• Production forecasts

– Prognosis & Now-casting 

• Marine operations

– Operational windows

– Optimum scheduling

• Information handling

– Collection and analysis of «big 
data». Visualization and 
digitalization

– Decision support systems

https://www.uib.no/en/bow

https://www.uib.no/en/bow


Oppsummert

• Klimamålene krever mer fornybar energi

• Norge har en unike vindressurser 

• Havvind kan bidra til norske utslippsreduksjoner og i et 
Europeisk energisystem

• Norge har kompetanse til å ta et internasjonalt lederskap på 
dypt vann.

• Det haster!
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Vi har tjent oss rike ved å være en del av problemet –
La oss ta lederskap i å finne løsningene!





Statkraft,  lavutslippsscenario, 

2019
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Bloomberg March 26, 2019
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• Cost reductions last year:

• LCOE

– Offshore wind: 24%

– Onshore wind: 10%

– Solar PV: 18%

• Lithium-ion batteries: 35 %

Source: https://about.bnef.com/blog/battery-powers-latest-plunge-costs-threatens-coal-gas/



Kapitalkostnad er sentralt
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Kilde: IEA, World Energy Outlook, 2019,



Utslipp av drivhusgasser

https://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer
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EU-28, 2017
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Andre kilder

Jordbruk

Luftfart, sjøfart, fiske, motorredskaper…

Veitrafikk

Oppvarming i andre næringer og…

Energiforsyning

Industri og bergverk

Olje- og gassutvinning

Utslipp fra norsk territorium
Klimagasser (mill. tonn CO₂-ekvialenter), SSB 2018

https://www.ssb.no/natur-og-miljo/statistikker/klimagassn/aar-
forelopige/2019-06-03?fane=tabell&sort=nummer&tabell=388501

Norge, 2018

https://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer
https://www.ssb.no/natur-og-miljo/statistikker/klimagassn/aar-forelopige/2019-06-03?fane=tabell&sort=nummer&tabell=388501

