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Vårt forskningspørsmål

In a long-term perspective, 
what are the smart pathways that Norwegian 
policymakers can choose in the 2020s, 
to ensure and monitor investments in the 
successful transition of the country’s offshore 
energy sector 
to a low-carbon economy before 2050?
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Datakilder og prognoser
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Historiske datakilder: SSB Statistikkbanken, BP Statistical Review, Oljedirektoratet, Norsk Petroleum, IRENA etc

Prognose-kilder:
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* 2018-GNOK = milliarder norske kroner i faste 2018-priser



Siden 2000 synkende reserver over tid: “moden sokkel”
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Siden 2000 færre funn: “moden sokkel”
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Typer av Olje&gass investeringer 
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Statens netto kontantstrøm og Oljefondet
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Oljefondets fenomenale vekst… skyldes ikke O&G siden 2014
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Hva nå?
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BI / SSB’s nye modell: GTM
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GTM-struktur for olje & gass-sektor (stock&flow model)
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GTM-struktur for grønn offshore sektor (stock&flow model)
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3 scenarier
til 2050 
(og 2070)

Business As Usual (BAU)= 
den offisielle fremtiden

Harvest & Exit = Vi høster fra
eksisterende felt (lite nytt)

Rebuilding = Vi både høster og
bygger gradvis ny
grønn offshore sektor (fornybar
havvind, hydrogen)



Business-as-usual - produksjon
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Business-as-usual: O&G investeringer
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Business-as-usual: O&G detaljerte investeringer
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OPEX breakdown Nominal - BAU
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Business-as-usual: Eksport i mrd kroner faste 2018-priser 
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Forutsetninger
…

Scenarios 2020 – 2070

Descr/ unit 1) BAU 2) Harvest 3)Rebuilding

Mainland GDPpp growth rate percent per yr 1.3%

Petroleum investments GNOK in 2030 103 

(150 2018-GNOK in 2019) GNOK in 2040 81 

GNOK in 2050 58 

Green energy investments GNOK in 2030 -

(0 in 2019) GNOK in 2040 -

GNOK in 2050 -

Common for all scenarios:

Population alternative hi / main / low main 

Oil price USD/brl 50 

Gas price NOK/Sm3 1.75

Export power price (PPA)
average 
NOK/kWh 

EU ETS Carbon allowances
EUR/tCO2,
growing +2%/yr 50 

Norwegian CO2 tax
NOK/tCO2 from 
2030 2000

Oil fund return on assets
average annual 
real return 3%



Business-as-usual: Statens netto kontantstrøm fra offshore
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Oljefondet i BAU
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Business-as-usual: sysselsetting (direkte + indirekte)
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3 scenarier
til 2050 
(og 2070)

Business As Usual = den offisielle
fremtiden

Harvest & Exit = Vi høster fra
eksisterende felt (lite nytt)

Rebuilding = Vi både høster og
bygger gradvis ny
grønn offshore sektor (fornybar
havvind, hydrogen)



(9.000 bn$)

“Investors are increasingly… 
recognising that climate risk is 
investment risk.”

Larry Fink, CEO BlackRock

https://www.blackrock.com/corporate/investor-relations/larry-fink-ceo-letter



“Harvest”: 
reduserer 
O&G 
investeringer, 
høster max 
kortsiktig 
kontant-strøm 

• Slutter med utdeling av nye 
letelisenser fra ca 2025
• Fjerner leterefusjons-ordningen, 

friinntekten og dagens
særavskrivningsordning over 6 år. 

• O&G-investeringer faller da med 
ca 14% per år fra 2025
• Lønnsomheten til eksisterende

operatører øker på kort sikt



Samlede investeringer per år i BAU vs Høsting
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Forutsetninger
…

Scenarios 2020 – 2070

Descr/ unit 1) BAU 2) Harvest 3)Rebuilding

Mainland GDPpp growth rate percent per yr 1.3% 1.2% 1.3%

Petroleum investments GNOK in 2030 103 41 41 

(150 2018-GNOK in 2019) GNOK in 2040 81 15 15 

GNOK in 2050 58 9 9 

Green energy investments GNOK in 2030 - - 31 

(0 in 2019) GNOK in 2040 - - 35 

GNOK in 2050 - - 38 

Common for all scenarios:

Population alternative hi / main / low main main main 

Oil price USD/brl 50 50 50 

Gas price NOK/Sm3 1.75 1.75 1.75

Export power price (PPA)
average 
NOK/kWh 0.5 0.5

EU ETS Carbon allowances
EUR/tCO2,
growing +2%/yr 50 50 50 

Norwegian CO2 tax
NOK/tCO2 from 
2030 2000 2000 2000

Oil fund return on assets
average annual 
real return 3% 3% 3%

Strukturelt olje-underskudd 3% 3% 3%



Eksport i BAU vs Høsting
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BAU vs Høsting: Statens netto kontantstrøm fra offshore

-100

0

100

200

300

400

500

600

2000 2010 2020 2030 2040 2050 2060 2070

(2018-GNOK/yr) 

SC1_BAU

SC2_Harvest



-100

0

100

200

300

400

500

600

700

1980 1990 2000 2010 2020 2030 2040 2050 2060 2070

(GNOK/yr) BAU 
O&G Offshore Exports (GNOK/yr) future
O&G Offshore profit (GNOK/yr ) future
CAPEX (GNOK/yr) future
OPEX - Nomina l GNOK/yr (GNOK/yr) future

-100

0

100

200

300

400

500

600

700

1980 1990 2000 2010 2020 2030 2040 2050 2060 2070

(GNOK/yr) Harvest

O&G Offshore Exports (GNOK/yr) future
O&G Offshore profit (GNOK/yr ) future
CAPEX (GNOK/yr) future
OPEX - Nomina l GNOK/yr (GNOK/yr) future

BAU vs Harvest: Hvorfor forskjell i statens netto
kontantstrøm fra offshore??



Oljefondet😄😄
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Utslipp 😐
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Men sysselsetting … 😟😖😠
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3 scenarier
til 2050 
(og 2070)

Business As Usual = den offisielle
fremtiden

Harvest & Exit = Vi høster fra
eksisterende felt (lite nytt)

Rebuilding = Vi både høster og
bygger gradvis ny
grønn offshore sektor (fornybar
havvind, hydrogen)



3 ulike investerings-profiler: 1) BAU, 2) Høsting, 3) Gjenoppbygging
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Kostnader? 
Læringskurver?

• Mange vindparker i Nordsjø-området, 
feks danske “Thor” på 1 GW til omlag 
20 mrd NOK (2018-kroner)
• 30 mrd NOK/år gir ca 1.5 GW/år
• Hvis vi bruker 15 MW vindmøller blir det 
100 vindmøller per år, først bunnfaste 
– så flytende fra 2030+
• IRENA gir en god nedbryting av 
arbeidsplasser per GW installert og i drift
• Investeringer øker med 1% mer per år, 
men får også 3% mer GW per år

39



Skatteregime?

• Vi antok at «oljeskatte-modellen» utvides 
til å bli «offshore-skattemodellen»
• Vi antar at auksjonene bruker differanse-
kontrakter for pris (garanti-priser)
• Vi antar at strømmen i all hovedsak 
eksporteres ev. omformes til grønn 
hydrogen, for en gjennomsnittspris på 
0,50 øre/kWh (faste priser) hele veien til 
2070

40



3 ulike investerings-profiler: 1) BAU, 2) Høsting, 3) Gjenoppbygging
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Offshore energi-eksport (mrd kroner faste priser)
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Statens netto kontantstrøm fra O&G vs grønn sektor, 
budsjett-underskudd og netto fra staten til oljefondet (GNOK/yr)
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Oljefondet😄😄😄
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Offshore Utslipp 😄
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Og sysselsetting … 😄
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Offshore Energi-produksjon
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“Offshore wind farm structures provide 
habitat for invertebrate organisms that foul 
the foundation along the depth gradient 
and attract predator fish, seabirds, and 
marine mammals.”

Øko-system effekter?

48
Oceanography |  Vol.33, No.450

surrounding sediments, and the attrac-
tion of predators and scavengers. Finally, 
we provide some insights into the spa-
tial extent of OWF arti!cial reef e"ects 
and how best to deal with them. We par-
ticularly aim to provide lessons learned 
from European and American studies in 
the North Atlantic. #is article does not 
examine how the presence of OWFs may 
exclude !sheries, which is considered to 
be only a secondary component of the 
arti!cial reef e"ect, and which is cov-
ered by Gill et  al. (2020) in this special 
issue of Oceanography.

IT ALL STARTS WITH 
BIOFOULING OF A NEWLY 
INTRODUCED HABITAT…
It is now widely accepted that one of the 
most important e"ects of OWFs is the 
provision of new habitat that can be colo-
nized by hard substrate species (Petersen 
and Malm, 2006). Setting aside the loss 
of so% sediment habitat due to the OWF 
footprint, OWF structures generally pro-
vide two distinct arti!cial habitats: hard 
vertical substrates and a complex range 
of horizontal habitats, depending on 
the type of foundation and the degree 

of scour protection used (Langhamer, 
2012). In addition, the novel surfaces 
occur throughout the full water column, 
from the splash zone to the sea&oor, o%en 
in areas where comparable natural hard 
surfaces are absent. #ese attributes are 
largely unique to o"shore energy infra-
structure. #e introduction of coarse rock 
a"ects seabed habitat complexity, partic-
ularly in mobile sediments, expanding 
the habitats available to serve as refuges 
and to support food sources for biota. In 
Europe, most OWFs are constructed in 
mobile sedimentary environments, but 
in the northeastern United States, several 
OWFs are proposed for installation on 
glacial moraines that have high densities 
of boulders mixed with mobile sediments 
(Guarinello and Carey, 2020). 

Biofouling Community Structure 
and Succession
Installation of any new OWF has invari-
ably been followed by rapid coloniza-
tion of all submerged parts by a variety of 
fouling organisms that are familiar from 
studies of other anthropogenic struc-
tures placed in the marine environment 
(e.g.,  Kingsbury, 1981; Schröder et  al., 
2006). Vertical zonation is observed on 
the turbine foundations, with di"er-
ent species colonizing the splash, inter-
tidal, shallow, and deeper subtidal zones 
(De Mesel et al., 2015; Figure 1). In gen-
eral, biofouling communities on o"shore 
installations are dominated by mussels, 
macroalgae, and barnacles near the water 
surface; !lter-feeding arthropods at inter-
mediate depths; and anemones in deeper 
locations (De Mesel et  al., 2015). In the 
southern North Sea, adult mussels are 
rare at deep o"shore locations that do not 
have hard substrate near the water sur-
face. However, OWF structures provide a 

FIGURE 1. O!shore wind farm structures pro-
vide habitat for invertebrate organisms that 
foul the foundation along the depth gradient 
and attract predator fish, seabirds, and marine 
mammals. Illustration by Hendrik Gheerardyn

Illustration by Hendrik Gheerardyn

Degraer, Steven, Drew A Carey, Joop WP Coolen, Zoë L Hutchison, Francis Kerckhof, 
Bob Rumes, and Jan Vanaverbeke. “Offshore Wind Farm Artificial Reefs Affect 
Ecosystem Structure and Functioning.” Oceanography 33, no. 4 (2020): 48–57.



O!shore wind farms and their e!ects on birds 

ANTHONY D. FOX AND IB KRAG PETERSEN

Dansk Orn. Foren. Tidsskr. 113 (2019): 86-101

(Med et dansk resumé: Havvindmøller og deres påvirkning af fugle) 

Abstract  Exploiting wind energy at sea o!ers an attractive source of renewable energy avoiding problems on land, but what are 
the consequences for birds? We review the Danish and European experience of o!shore (i.e. marine) windfarms and the e!ects 
and impacts which we consider they may have on birds, primarily through barriers to movement, displacement from ideal feeding 
distributions and collision mortality. We use case studies to demonstrate examples of displacement e!ects among species such as 
Red-throated Diver Gavia stellata, Common Scoter Melanitta nigra and Long-tailed Duck Clangula hyemalis but are unable to deter-
mine their causes or whether these patterns have population level impacts, assessment of which remains a major challenge. There 
is accumulating evidence for widespread avoidance of o!shore turbines by large-bodied birds at macro-, meso- and micro-scales, 
but we accept that our knowledge for smaller bird species is less adequate. We conclude that careful siting during the planning 
phase can avoid a multitude of potential con"icts with avian populations and that despite generally inadequate post-construction 
monitoring (especially during periods of unusual weather), experience shows low levels of collision rates, especially among long-
lived large-bodied bird species considered most at risk. We lack any understanding of the impacts of barrier e!ects and displacement 
from favoured feeding areas, but on a single project basis, these impacts to date are considered insigni#cant at the population level 
because of the relatively small numbers of birds so a!ected. Based on experiences from multiple single site studies, it is essential 
that site speci#c impact assessments continue to be undertaken to establish the potential e!ects and impacts of each project de-
velopment. However, we also urge a more strategic national and international approach to identi#cation, assessment and selection 
process for sites for potential future development of o!shore windfarms. Despite low-level impacts on an individual windfarm basis, 
cumulative impacts of multiple o!shore windfarm development (especially spanning the length of population "yways) have yet to 
be adequately determined. Developing e!ective mechanisms to deliver such assessments remains an urgent requirement for the 
immediate future. 

Introduction
The unexpected pace of climate change and the corre-
sponding search for renewable energy resources to re-
duce CO2 release into the atmosphere have fuelled the 
rapid development of wind energy, especially within Eu-
rope. Renewable energy supplied 30% of Europe’s elec-
tricity in 2017, of which 54.6% was provided by wind po-
wer (Agora Energiewende & Sandbag 2018). Twenty per 

cent of this installed wind power generation is situated 
o!shore (Pineda & Tardieu 2018) and a further 25 GW of 
o!shore capacity is projected by 2020 in Europe (com-
pared to 15.7 GW currently in operation; Pineda 2018). 
Land-based windfarms cause impacts to the visual and 
sound landscapes, to birds, bats and the human and na-
tural environment in general, while the wind characteri-
stics of the sea o!ers higher wind speeds and lower tur-

Konflikt med 
fugletrekk offshore?

49

88 O!shore wind farms and birds

in breeding success or additive collision mortality could 
potentially a!ect avian population size and trends over 
time, so we also need to consider the di!erential impacts 
of "tness consequences on di!erent species. Clearly 
long-lived birds like divers Gavia spp. with relatively low 
reproductive potential are more susceptible to small in-
creases in annual mortality, than passerines, which die in 
very large numbers every year, but have the reproduc-
tive capacity to replace lost individuals more rapidly. 

Finally, we re#ect on future needs and in particular 
the lack of knowledge about the cumulative e!ects 
of o!shore development. This is because we need to 
be able to assess the impacts of not just one o!shore 
windfarm development, but the additive e!ects on 
speci"c populations of birds of concern of many such 
developments in addition to all the other threats and 
pressures on such populations at other points in their 
annual life cycle.

E!ects and impacts of o!shore windfarms on 
birds
At the very beginning of the work on assessing the im-
pacts of the "rst large Danish o!shore windfarms, it was 
generally agreed that the conceptual e!ects/impacts 
on birds largely fell into three major categories, each of 
which were considered to have di!ering "tness conse-
quences (that is impacts on breeding potential and/or 
survival rates) for the populations involved. It was con-
sidered that birds encountering an o!shore windfarm, 
whether for the "rst time or not, would be exposed to 
three major hazards (after Fox et al. 2006a), namely a vi-
sual stimulus, physical change to their environment and 
a risk of collision, as follows: 

1. A visual stimulus that may or may not result in an avo-
idance response
Birds may react to encountering a set of wind turbines 

Fig. 1. Kernels of space use by 
autumn migrating Common Eiders 
#ying around Gedser and onwards 
across the area of the Nysted 
O!shore Windfarm o! southern 
Denmark. The space kernels rep-
resent the intensity of radar tracks 
of migrating individuals across the 
study area (a) pre-construction, (b) 
post-construction and (c) the di!er-
ence in space use between (a) and 
(b). Darker shading represents the 
greatest use, white in (c) indicates 
reductions between (a) and (b). 
The black dots denote the ultimate 
positions of the individual turbines. 
Reproduced with permission from 
Masden et al. (2009).
Kernel-beregning af passagen af efter-
årstrækket af Ederfugle fra Gedser og 
vestpå til Nysted Havvindmøllepark. 
Kernel-værdierne repræsenterer inten-
siteten af radar-trækspor af !okke af 
Ederfugle (a) før opførelsen af Nysted 
Havvindmøllepark, (b) efter opførelse 
af vindmølleparken og (c) forskellen 
imellem intensiteterne før og efter 
opførelse af parken. Lyse/hvide områ-
der i (c) repræsenterer områder med 
reduceret intensitet mellem (a) og (b). 
Sorte prikker angiver positioner for de 
enkelte turbiner. 

Før

Etter

Forskjell

“There is growing evidence for widespread avoidance of 
offshore turbines by large-bodied birds, while our knowledge 
for smaller bird species is less adequate. 

Source: Fox, A. & Petersen. “Offshore Wind Farms and Their 
Effects on Birds.” Dansk Ornitologisk Forenings Tidsskrift 113 
(2019): 86–101.



Statens netto kontantstrøm fra offshore energi
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NPV av statens
netto
kontantstrøm fra
offshore energi?
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Noen 
konklusjoner 
fra 
SmartPaths-
arbeidet

• Netto-effekten av en Høste-strategi på 
oljefondet er positiv hele veien til 2050

• Olje-jobber synker allerede, men tap 
utover BAU kan motvirkes av grønne 
insentiver (havvind-auksjoner).

• Bruk av ekstra-inntektene fra Høsting kan 
finansiere Gjenoppbygging av en grønn 
offshore sektor uten vesentlig tap av 
sysselsetting, oljefond, velferd (BNPpp) for 
Norge

• TTT – ting tar tid: Med 30 mrd/år 
investeringer i havvind, kan det ta minst ti 
år før statens netto kontantstrøm fra grønn 
offshore blir positiv



Hva hvis +/- 40% oljepriser (30-70$/fat) i BAU?
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Hva hvis +/- 40% oljepriser (30-70$/fat) i Høsting?
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Hva hvis +/- 40% el-priser (30-70 ø/kWh) i Gjenoppbygging?
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