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About this report
The Oil and Gas Transitions (OGT) is an evidence-based programme which aims accelerate just transitions 
from oil and gas in Denmark, Norway and the UK. 

Our Approach:

• Evidence-driven, with leading researchers providing credible, academically verified recommendations 
on scenarios for oil and gas just transitions. 

• A trusted neutral convener, able to effectively bring pluralistic positions to the table for effective 
exchange.

• We catalyse action by empowering key players in the oil and gas ecosystem with the evidence they need 
to develop their own visions, priorities, and interventions (e.g., campaigning, advocacy, institutional 
planning, policy design). 

This report presents findings from research undertaken by the University of Edinburgh to gather evidence 
on the state of the oil and gas just transition in the Denmark, and to co-create transition scenarios alongside 
diverse stakeholders from academia, industry, civil society, the financial sector, government, and community-
led organisations. The authors strove to engage a representative cross section of relevant stakeholders in 
the co-creation process. The conclusions herein are the result of the first stage of such process. Further 
ongoing and iterative engagement, particularly with groups that may have been underrepresented in the 
first stages of the co-creation process, is intended to continue developing and building upon the research 
findings presented in this report. 

OGT is co-led by Climate Strategies and the SEI, and made possible by the support from KR Foundation 
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Foundation and Laudes Foundations or other members of the OGT consortium. 
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Executive Summary

As a major producing country, Denmark has 
the responsibility to phase-out oil and gas 
in response to the climate crisis. The Danish 
North Sea Agreement, which provides the 
direction for the sector and the country’s 
carbon neutrality target, sets 2050 as a final 
end date for all oil and gas-related activities 
in the Danish part of the North Sea. In 
fulfilling the agreement, however, two central 
questions need to be answered. First, what 
are the economic consequences of the oil 
and gas phase-out? And second, based on the 
answer to the previous question, when are 
offshore oil and gas activities likely to become 
unprofitable for the Danish state, hence 
making the case for an earlier deadline? 

This report aims to provide the answers to 
these questions. It was produced following 
an expert workshop and consultation with 
relevant stakeholders between April and May 
2022. 

This report presents the economic 
consequences of the different phase-
out scenarios of oil and gas production in 
Denmark based on a Monte Carlo simulation. 
This is a method for taking uncertainty into 
consideration when projecting the future 
revenues of the sector. The economic 
consequences considered in the North Sea 
Agreement were essential in establishing the 
2050 deadline but have also been used as the 
primary argument against an earlier phase-
out date. 

Bearing this in mind, the report provides an 
analysis that is as detailed as possible and 
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can further inform the public and political 
debate on the future of the Danish North Sea 
activities. The report also aims to promote 
a just transition by increasing transparency 
and inclusivity and raising awareness of the 
need to provide additional support to affected 
workers and communities in case of an earlier 
phase-out. 

The scenarios suggest that if oil and gas 
production continue beyond 2042, the 
related state revenues are likely to be 
insignificant compared to the overall state 
budget. Therefore, it seems reasonable to 
suggest 2042 as an alternative deadline 
for phasing out oil and gas activities. 

Going further, considering the 1.5°C global 
warming limit set in the Paris Agreement, a 
deadline around 2034 has been proposed for 
the phasing out of oil and gas production in 
developed countries such as Denmark. The 
report shows that the losses in state revenues 
in such a scenario would be more significant. 
This could make a just transition difficult 
without accompanying countermeasures, 
especially when it comes to the qualifications 
of the existing workforce within the oil and 
gas sector. Measures such as reskilling staff 
and intensifying investments in offshore wind 
power, energy islands, power-to-x, and carbon 
capture and storage (CCS) could counteract 
negative effects and turn 2034 into a realistic 
possibility. However, these measures come 
with considerable risks and uncertainties, 
which would suggest taking a more strategic 
approach to the development of energy-
related activities in the Danish North Sea.

As a first step in this direction, we suggest 
setting up an independent committee that 
should develop a concrete and realistic 
roadmap for the oil and gas phase-out, 
including an overview of the content and 
timing of political, economic and legal 
decisions. Such a committee could also help 
improve the transparency of the process, 
making it more inclusive and just.

At the beginning of the phase-out process, 
the simultaneous redevelopment of existing 
offshore infrastructures with renewable 
energy sources offers transition avenues that 
could compensate for some of the declining 
revenues from oil and gas. Technologies such 
as carbon capture and storage, energy islands, 
fossil fuel-free electrification of offshore 
platforms and offshore wind parks could bring 
higher investments than those secured in the 
past in oil and gas. These investments must, 
however, be carefully selected and planned 
to reduce risks and avoid unnecessary 
technological lock-ins. 

Moreover, while it will be necessary to 
exploit the synergies between the different 
technologies, these are at different stages 
of development. The research team, 
therefore, suggests that the committee 
should also consider a timely preparation of 
a coherent offshore strategy for Denmark 
that would integrate the phase-out of oil and 
gas production with alternative uses of the 
North Sea resources and infrastructures. 
The strategy should, amongst other things, 
outline how the synergies could be exploited 
in a socially and economically sensible and 
just way, as well as consider the protection 
of biodiversity, fisheries and security 
interests. The offshore strategy should also 
be coordinated with neighbouring North Sea 
countries and fit into the different national 
climate and energy onshore strategies. 
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This report discusses different scenarios for 
the phasing out of oil and gas production in 
the Danish part of the North Sea and presents 
a policy proposal. The report builds on two 
earlier studies by the research team: “Denmark 
without Oil and Gas Production: Opportunities 
and Challenges” and “North Sea Oil and Gas: 
Potential Technological Transformation 
Towards Net-Zero Emissions” (Sperling et al., 
2021; Hansen, Yang and Pedersen, 2022). 

The scenario work is based on likely or possible 
timelines for the exploitation of the country’s 
remaining oil and gas resources. Denmark 
has been the first major producing nation to 
announce a complete production stop by 2050 
but it is unclear how the phase-out process is 
going to take place in practice. This leads to 
the following questions:

 i) How can the oil and gas phase-out 
progress under different circumstances and 
assumptions and when will it be completed? 

 ii) When will North Sea oil and 
gas production stop providing significant 
economic benefits to the producers, the 
Danish state and society?

 iii) To what extent should the Danish 
state continue to participate in exploration 
and production activities and how should it 
regulate the planned phase-out?

 iv) What could the Danish state do to 
support a phase-out earlier than 2050?

These questions need to be discussed as 
they also have significant implications for 
a ‘just transition’ (cf. box 1) of Denmark’s oil 
and gas sector and for the rest of the Danish 
energy system. Phase-out activities and field 
closures must be timed and coordinated 
with sustainable energy development and 
investments that provide new business and 
employment opportunities for the oil and 

gas sector. In addition, overinvestments, 
non-necessary lifetime extensions and new 
exploration activities should be avoided. This, 
at the very least, will help reduce the financial 
risks for the Danish state, which has a 20% 
stake in most of the country’s oil and gas 
activities. 

On the other hand, if some wells are to be 
used for carbon capture and storage (CCS), 
these projects should start no later than the 
likely break-even point for the Danish state 
in terms of income versus costs from oil and 
gas production. The overall societal benefits 
from CCS on electrified platforms could 
compensate for part of the declining income 
and decommissioning costs. Therefore, 
decision-makers, industry and the public 
must have a more unambiguous indication of 
the time when oil and gas production is likely 
to become unprofitable and where alternative 
uses must be in place. This presumes some 
prior knowledge that might be gathered 
by estimating the likely progression of the 
Danish North Sea oil and gas economy in 
more detail, given the available information. 
This report aims to present the first publicly 
available analysis on the topic and thereby 
supports continuous political and analytical 
efforts on the path laid out in the Danish North 
Sea Agreement, which sets the ground for 
terminating the oil and gas production on the 
31st of December 2050.

It has been suggested that a just transition to 
a low-carbon economy involves at least seven 
principles (Atteridge and Strambo, 2020). 
Some are more compatible than others with 
the Danish approach towards decarbonization, 
as argued previously (Linde et al., 2021; 
Sperling et al., 2021). Three issues related to 
the principles are noteworthy and are further 
discussed in this report. The first is that the 
principle ‘Actively encourage decarbonization’ 
has been relatively well addressed in Denmark 

1. Introduction
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(Linde et al., 2021). This report seeks to support 
this process by developing phase-out scenarios 
which shed some light on the (required) speed 
and extent of ‘active decarbonization’ in the North 
Sea. 

The second issue involves principles 3 and 
4 (‘Support affected regions’ and ‘Support 
workers’) and has been relevant in stakeholder 
consultations on the possibility and potential of 
an earlier phase-out. 

The third issue is related to principle 7 regarding 
transparency and inclusivity in relation to the 
planned operations in the North Sea. The 2050 
deadline for phasing out the extraction of oil 
and gas in the Danish sector of the North Sea is 
essential to decarbonization, but Calverley and 
Anderson (2022) indicate that it may be far too 
late to align with the goals of the Paris Agreement. 

The research team does, hence, discuss the 
implications of earlier deadlines and how they 
could impact some of the other principles of a 
just transition.

The report is structured as follows. Section 2 
presents the overall approach used to co-produce 
and discuss the phase-out scenarios with experts 
and stakeholders in society. Section 3 introduces 
and discusses data inputs and assumptions 
behind the scenario analysis (Monte Carlo 
simulations) and the results for future revenue 
flows from the Danish oil and gas production. 
Finally, based on the analysis in Section 3, Section 
4 explores alternative scenarios and makes 
recommendations for an earlier phase-out. The 
graphic recording in Figure 1 made during the 
expert workshop in April 2022 also illustrates 
some of the main points. 

Box 1: The seven principles of a just transition

1. 

The seven Principles of a Just Transition to a low carbon economy (below) were developed by Atteridge and Strambo, 
2020. A ‘just and socially fair transition’ is also a cornerstone of the European Commission’s ‘Fit for 55’ legislative package 
(Council of the European Union, 2021), which aims to reduce greenhouse gas emissions by at least 55% by 2030 over 1990 
and includes measures such as the ‘Just Transition Platform’ (European Commission, 2021b) and the ‘Social Climate Fund’ 
(European Commission, 2021a). 

Actively encourage decarbonization

2. Avoid the creation of carbon lock-in 
and more “losers” in these sectors

3.  Support affected regions

4. Support workers, their families, and the 
wider community affected by closures 
or downscaling

5. Clean up environmental damage, and 
ensure that related costs are not 
transferred from the private to the 
public sector

6. Address existing economic and 
social inequalities

7. Ensure an inclusive and transparent 
planning process.
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Figure 1:  Graphic recording of the oil and gas transition workshop hosted on the 21st of April 2022 at Aalborg 
University in Copenhagen. The graphic recording is produced by the company: ‘Levende Streg’. The graphic 
recording captured the main discussion points of the workshop in terms of approach and method used for 
constructing the phase-out scenarios; uncertainties related to oil and gas production forecasts; questions of 
production costs and oil prices; and developments and costs related to decommissioning, power-to-x and CCUS, 
which may impact the phase-out scenarios considerably. Since these discussions points also form the backbone 
of the following sections, the graphic recording can be read as an abstract image of this report and the process 
leading up to it.
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The approach adopted for co-producing and 
discussing scenarios for the phasing out of oil 
and gas in the Danish North Sea consists of three 
parts: 

• Part I: Expert-supported co-production 
• Part II: Societal stakeholder consultation 
• Part III: Analysis of Part I and II outcomes and 

development of recommendations. 

This approach considers the need to have more 
insights at the technical and economic level to 
inform the concrete phase-out process initiated 
by the 2020 North Sea Agreement (Klima, Energi- 
og Forsyningsministeriet, 2020a). 

The overall objective was to co-produce with 
experts possible techno-economic phase-out 
scenarios, the results of which could later be 
presented to societal stakeholders, such as 
politicians and NGOs, and discussed, especially 
with regard to the implications for a just transition. 
Based on such activities, the aim was to highlight 
key issues and develop policy recommendations 
that could feed back into the ongoing phase-
out process and contribute constructively to its 
realisation.

Five main steps were followed in the co-
production approach. First, the research team 
gathered information from several sources 
to consider a range of different scenarios. 
Second, this preliminary work was presented 
at a workshop with experts on oil and gas 
production in the North Sea on the 21st of April 
2022 in Copenhagen. Third, the workshop was 
recorded graphically by the company ‘Levende 

Streg’, illustrating key issues in the discussion, 
most of which led to the revision of the phase-
out scenarios (see Figure 1). Fourth, bilateral 
consultations with local labour unions and 
employers’ representatives were conducted 
after the workshop based on revised phase-out 
scenarios. Fifth, scenarios and policy ideas for 
a phase-out earlier than 2050 were discussed 
at the workshop and with the above-mentioned 
stakeholders.

The development of the phase-out scenarios 
was heavily influenced by the limited availability 
of data, mainly due to the confidentiality of some 
company-specific information collected by the 
Danish Energy Agency, the uncertainty around 
the potential of some technologies (e.g., CCS) 
and the difficulty in predicting future costs (e.g., 
decommissioning). Unlike other parts of the 
Danish energy system (e.g., district heating, wind 
power and electricity grids), for which statistical 
information is relatively easily accessible, 
detailed information on the oil and gas sector 
is not published systematically and in a detailed 
way. Also, for this reason, continuous expert and 
stakeholder consultation has proven helpful for 
developing the final phase-out scenarios. 

Thus, the co-production workshop held with 
experts from the oil and gas sector had two main 
objectives: 

i) to test preliminary phase-out scenarios and, if 
possible, confirm their relevance; and 

ii) to gather input regarding assumptions, missing 
data and chosen timelines. 

2. Methods for co-production and 
discussion of phase-out scenarios
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The main uncertainty and most likely cause of 
disagreement in the debate about the phase-
out is related to its concrete realisation. As 
mentioned in the introduction, it is not clear 
how phase-out is likely to occur in practice, 
also in terms of a just transition. Furthermore, 
the initial consensus about the deadline 
in 2050 might be undermined by an earlier 
exit enforced by political dynamics and/or 
economic circumstances that will make oil and 
gas less profitable well before 2050. For Danish 
society, it is important to consider the climate 
and environmental consequences of continued 
oil and gas production, as well as its potential 
to create jobs and state revenues. Due to the 
relatively small size of the oil and gas sector in 
Denmark, compared to the UK and Norway, the 
latter is of particular interest, as the industry 
could lose its economic significance far earlier 
than in the other two North Sea countries. 

To develop possible scenarios for the phasing 
out of the oil and gas industry, it was necessary 
to make several assumptions that could 
significantly impact the results (see Section 3). 
To this end, the expert co-production workshop 
helped ensure that the assumptions were 
reasonable and internally consistent. Hence, 
the invitation of experts from the Danish 
Energy Agency who develops and uses the 
physical prognoses of oil and gas production 
and those who used these prognoses, e.g., 
Greenpeace, the Climate Council (Klimarådet.) 
and the Technical University of Denmark. 

Figure 2 gives an overview of the organisations 
that were represented at the expert 
workshop or during the bilateral stakeholder 
consultations. The workshop was hosted by 
Aalborg University in Copenhagen. 

2.1 Background for the Co-Production Workshop 

Figure 2: Organisations represented in either the co-production workshop or during the bilateral consultations.

Co-production 
of the oil and 
gas transition 

scenario in 
Denmark

Advisory Bodies

Labour & Trade Unions
Civil Society

Research National Government

Association & Clusters Supply & Production

Greenpeace Denmark 

Danish Council of Climate 
Change

Offshore Denmark

Danish Energy AgencyTechnical University of 
Denmark

Business Esbjerg

3F
Dansk Metal
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Participants in the workshop agreed on the 
complex and uncertain nature of the future 
production of oil and gas in the North Sea, 
confirming the need to develop shared and 
publicly available phase-out scenarios to start 
tackling this complexity and uncertainty. 

The graphic recording in Figure 1 illustrates many 
of the key points discussed at the workshop. 
Those described below were used as further 
input for constructing the phase-out scenarios 
in Section 3 and recommendations in Section 4.

2.2.1 Dealing with the uncertainty of production 
forecasts and production costs

The workshop highlighted the difficulty in 
making precise production forecasts, which is 
an important element in developing phase-out 
scenarios. To reduce the uncertainty, it was 
recommended to assess the error in the Danish 
Energy Agency’s past production forecasts, 
to compare how they deviated from the actual 
production and then compensate for this in 
the phase-out scenarios. In addition, some 
of the participants noted the need for more 
transparency in the creation of scenarios, 
precisely considering the complexity and 
uncertainty of the matter. 

Like production forecasts, the evaluation of 
production costs – including operating costs 
(OPEX), capital costs (CAPEX) and exploration 
costs – were all acknowledged by some 
participants as highly uncertain, as these have 
been fluctuating significantly historically. Some 
participants pointed out that OPEX costs are 
not following oil price developments. These 
were consequently based on an independent 
calculation made by the research team (for 
details, see Section 3 and Annex B). It was thus 
recommended to integrate OPEX uncertainty 
estimations into the phase-out scenarios. 
Additionally, it was further recommended to 
estimate OPEX and CAPEX as a function of 
produced barrels of oil equivalent to increase 
transparency.

2.2.2 Addressing oil prices and the speed of 
phase-out

One of the main parameters impacting the phase-
out scenarios is the market price of oil. Two 
perspectives were discussed in this regard at the 
workshop: first, oil price levels have a decisive 
impact on the profitability and volume of oil and 
gas production. From this point of view, using 
different price levels, it is possible to explore 
different points in time in which profitability and 
revenues decline. 

The other perspective turns this around 
by advocating for a backcasting approach, 
determining how quickly production would 
have to be phased out completely to live up to 
international climate commitments. One of the 
participants recommended creating different 
phase-out scenarios using different oil price 
forecasts matching the Paris Agreement’s 1.5°C 
limit and the International Energy Agency (IEA)’s 
Sustainable Development price scenario (Cozzi 
et al., 2021). The phase-out scenarios in Section 
3 take both perspectives into account.

Other issues raised at the workshop and 
captured by the graphic recording (Figure 1) 
include decommissioning, CCS, power-to-x, 
the electrification of platforms, the interplay of 
these four issues, as well as the current situation 
in Ukraine. Some of these issues will also be 
addressed in Section 4.

2.3 Bilateral consultations with stakeholders 

After the workshop, the team consulted 
stakeholders regarding the interpretation and 
possible implications of the scenarios for a just 
transition, especially considering the phasing 
out of oil and gas before 2050. The consultation 
process provided a first ‘reality check’ for the 
scenario work. The team consulted two local 
labour unions from Esbjerg, the centre of the 
Danish oil and gas industry: 3F, Esbjerg branch, a 
large union representing non-skilled workers, and 
Danish Metal, Metal West, a union representing 
skilled labour. Business Esbjerg, a local service 
organisation supported by the municipality and 
several private companies, and the industry 
association representing employers Offshore 
Denmark (previously Oil Gas Denmark) were also 
consulted (see Figure 2). The feedback from 
these stakeholders is integrated into Section 4. 

2.2 Key discussion points and outcomes from the co-production 
workshop
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This section describes the approach, data 
and assumptions used to create and analyse 
phase-out scenarios for oil and gas production 
in the Danish North Sea. The research team 
defines ‘phase-out scenarios’ as projected 
state revenues over time under different 
assumptions. To project future state revenues, 
production forecasts, data like OPEX and 
CAPEX, oil and gas prices, as well as tax rates 
are included in Monte Carlo simulations. Figure 
3 gives an overview of the model inputs and 
outputs that have been used. These economic 
scenarios are likely to be impacted not only 
by different cost and price developments, but 
also by uncertain technological developments 
such as CCS, power-to-x and electrification.

The Danish Ministry of Taxation publishes 
an annual financial forecast of long-term 
state revenues from oil and gas production 
in the North Sea to be used by the Ministry 
of Finance in their annual budget. However, 
the assumptions underlying these financial 
projections are not publicly available. This lack 
of transparency is worrisome as the Danish 

decision to phase-out oil and gas by 2050 was, 
to a large extent, defended by referring to one 
prognosis only on the expected production 
and consequent state revenues (according to 
Øyen, 2020b).

Furthermore, the government has so far 
refused to make prognoses for an earlier 
phase-out than 2050, as requested by other 
political parties (Øyen, 2020b). Thus, it is not 
clear which economic assumptions shape the 
projections on future state revenues derived 
from oil and gas extraction used by different 
ministries. The objective of this report is to 
explore the outcomes of different phase-
out scenarios to increase the transparency 
around the parameters that can change the 
state revenues collected from the oil and gas 
industry until 2050. 

Estimating future state revenues is a complex 
exercise. Figure 3 illustrates the relation 
between different mechanisms and choices 
and, in bold, the results. 

3. Designing phase-out 
scenarios 

Figure 3: Flow chart diagram of flows of income and expenses from the oil and gas industry in the Danish sector 
of the North Sea.
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A traditional forecast typically predicts only 
one possible outcome among many, like the 
projections from the Danish Ministry of Climate, 
Energy and Utilities and the Danish Ministry of 
Taxation, and hence, does not  account for the 
degree of uncertainty. However, especially in the 
oil and gas sector, production, prices, costs and 
to some extent taxes are volatile and therefore 
highly uncertain. Thus, different future outcomes 

can be imagined. Many scenarios would have 
to be created to account for the full range of 
uncertainties in all parameters. Instead, these 
statistical uncertainties can be incorporated 
simultaneously in the forecast using a Monte 
Carlo simulation to create a probabilistic result. 
This also indicates how likely each outcome 
would be and how diverse the future earnings 
from the oil and gas industry might become. 

3.1 Monte Carlo simulation as a method to account for 
uncertainties 

Box 2: Monte Carlo simulations

Monte Carlo simulations are a widely used financial management technique that accounts for uncertainty 
in complex situations. A Monte Carlo simulation considers not only uncertainty in the range of possible 
outcomes but also the likeliness (probability) of each outcome.

The Monte Carlo method is built upon the premise of generating many random observations for multiple 
uncertain variables to create a ‘joint probability distribution’ of possible outcomes (for an elaboration, 
cf. (Rubinstein and Kroese, 2016)). How fast many iterations can be solved in a Monte Carlo simulation 
is determined by computing power. The Monte Carlo model used in this report is based on one million 
iterations. 

Yet, this method still has some drawbacks: the results would only be as good as the assumed distribution 
for each random observation, and they are aggregates that do not allow any examination of each separate 
variable. The focus is on a wide spectrum of possible outcomes. Therefore, when using a Monte Carlo 
simulation, it is important to make the possible distribution of the uncertain variables transparent. 
Knowing the modelled distributions also helps understand the likelihood of extreme events found in the 
tails of the probability distributions.

Production forecasts are driven by political 
decisions, including the granting of licences 
and proven reserves. Proven reserves can, 
however, also change when new fields start to 
produce, industry practices are improved, new 
technologies are developed, or the oil and gas 
price increases making it profitable to exploit 
previously inaccessible resources (Hansen et al., 
2021). 

The Danish government has decided to cancel 
all future licencing rounds and all existing 
production must be completed by 2050. 
However, there is a possibility for the state to 
allow new exploration and extraction licences 
through different procedures (so-called mini-
rounds and neighbour-blocks regulated by 
Danish Law (Danske love, no date)). These 
options might come into play if oil and gas 

3.2 Production forecasts
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operators believe exploration is profitable, 
but granting permission ultimately requires 
a political decision (Danske love, no date). 
In the past, the Ministry of Climate, Energy 
and Utilities granted licences to explore and 
produce hydrocarbons in a confined area in the 
Danish sector of the North Sea. This decision 
was made also considering that, in addition 
to different taxes on profits, the Danish state 
(Nordsøfonden) holds a 20% share of most 
licences. Therefore, oil and gas production has 
directly and indirectly been a non-negligible 
source of state revenues over the last couple 
of decades. 

Table A in the Annex lists the licences granted 
in the Danish sector of the North Sea, the 
respective operators, the expiry date and 
whether Nordsøfonden holds shares over 
them. Today, there are 17 active licences, which 
cover 21 producing fields (16 oil fields and 5 gas 
fields). Nordsøfonden has a share in 10 of them. 
It could be difficult to comprehend the extent 
of oil and gas production under each licence 
based on Table A. The Sole Concession of 8 July 
1962 licence covers an extensive geographical 
area that in 2019 represented over 84% and 

93% of the oil and gas production, respectively, 
from the Danish sector of the North Sea (Danish 
Energy Agency, 2020). These production ratios 
may not be fully up to date as fields are maturing 
and new fields become active (e.g., the Solsort 
field is expected to start production in 2023). 
Nonetheless, the Sole Concession licences 
cover a significant proportion of the Danish oil 
and gas production and expire in 2042. 

Due to the current reconstruction of the 
facilities on the Tyra field, oil and gas production 
will increase until 2027-2028, after which it 
is expected to decrease again gradually. In 
its annual forecast report, the Danish Energy 
Agency highlights that there still is great 
uncertainty on the number of projects, making 
the forecast rather uncertain (Energistyrelsen, 
2021).

Figure 4 and Figure A show the production 
forecasts for oil and gas, respectively. The data 
from 2042 until 2050 is our own extrapolation 
based on the Danish Energy Agency’s yearly 
resource assessment and production forecasts 
in 2021 (Energistyrelsen, 2021). The expiry dates 
found in Table A are added to both figures.

Figure 4: Historical oil production and forecasts until 2042 prepared by the Danish Energy Agency, which for 
the purpose of this report has been extrapolated until 2050 (Energistyrelsen, 2021). The forecast is divided into 
three contributions: the expected production profile, technological resources and prospective resources, 
with attached uncertainties.
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The picture is quite clear. The production of oil 
and gas is historically low and will gradually keep 
declining in the next 15-20 years. Figure B and 
Figure C in the Annex illustrate the results of 
analysing uncertainties in historical production 
forecasts. It turns out that these have generally 
been too optimistic as actual production has 
repeatedly been lower than anticipated. The 

overestimation is accounted for in the phase-
out scenarios, as it can affect future production 
forecasts. Thus, output in Figure 4 and Figure 
A could become lower than the ‘expected 
production profile’. The historical forecast error, 
and how it has been incorporated into the Monte 
Carlo simulation, are described in Annex B.

3.3 Future oil and gas prices in Europe

As oil and gas prices are important but highly 
uncertain and volatile forces in the global 
economy, there can be several competing long-
term forecasts for the years to come. Figure 5 and 
Figure 6 show the historical prices of Brent crude 
oil, a major international benchmark, and natural 
gas (European natural gas), as well as forecasts 
published by different institutions. Some 
forecasts are based on yearly data, whereas the 
IEA has projections for 2020, 2030 and 2050. The 
data is then interpolated based on average price 

developments between 2020 and 2030 and from 
2030 to 2050. 

The different forecasts emphasise the risk 
of attributing one projection to single-point 
estimates, as the probability that a single 
projection is correct is very low. The Danish 
Ministry of Climate, Energy and Utilities and the 
Danish Ministry of Taxation base their forecasts 
on single-point estimates using the IEA’s policies 
scenario, downplaying uncertainty rather than 
considering a range of possible outcomes. 

Figure 5: Historical oil prices recorded by the Danish Energy Agency (Danish Energy Agency, 2021), followed 
by forecasts published by different institutions after 2020 (Energistyrelsen, 2020, 2021; Cozzi et al., 2021; EIA, 
2022).
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Figure 6: Historical gas prices recorded by the World Bank (The World Bank, 2021), followed by forecasts 
published by different institutions after 2020 (Energistyrelsen, 2020, 2021; Cozzi et al., 2021).

Large parts of the existing infrastructure in 
Denmark’s oil and gas industry has been in 
operation for several decades, as the industry 
has been active in the North Sea since 1972. 

Many of the fields have matured, increasing the 
need for maintenance, as well as investments in 
development and exploration of new facilities 
(Figure 7).

3.4 OPEX and CAPEX

Figure 7: Historical operating and capital expenditures in the oil and gas industry in the Danish sector of the 
North Sea, sourced from the Danish Energy Agency (Danish Energy Agency, 2021). The unit operating cost is 
the sum of operating costs divided by the barrels of oil equivalent produced within the same period.
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Total operating and investment costs peaked in 
2014, especially due to higher operating costs. 
The operating cost per barrel of oil equivalent 
(unit operation cost, UOC) has been proportional 
to the overall operating cost since the late 1980s, 
but quite interestingly, not anymore after 2017. 

The increasing UOC determines how long it 
makes economic sense to continue production 
from a given field. However, the stipulated time 
frame could be extended by connecting new 
wells to the facilities, as the production from 
new wells is likely to reduce the UOC. This may 
become relevant already in 2022, as Ineos Oil 
& Gas Denmark has applied for permission to 
produce from the Solsort field, with the Syd Arne 
Nord as the recipient platform (Energistyrelsen, 
2022b).

In general, higher prices or lower operating 
costs associated with oil and gas extraction 
will stimulate production, as they will make 
extraction from more inaccessible parts of the 
remaining reserves profitable. Along with rising 
operating costs, other expenses will emerge, 
such as investments in field improvements 
and exploration of new fields, as seen in Figure 
7. Investments are being made based on the 
expectation that they would yield a net profit 

in the long term, given our assumptions about 
future oil and gas prices. 

The UOC and capital cost per barrel of oil 
equivalent (unit capital cost, UCC) are highly 
driven by the production process, the availability 
of new fields and their respective size. Moreover, 
the field’s maturity also matters, as it becomes 
more difficult and expensive to extract the 
remaining resources and the oil-to-water ratio 
increases (water-cut) (Hansen et al., 2021). In 
addition, declining profits could also take a toll 
on future developments and explorations.

The complexity in making investment decisions 
in the sector has become more pronounced in 
recent years due to climate policies, with the 
phase-out of oil and gas production by 2050 as a 
game-changer in Denmark. As part of the policy 
change, the government has proposed a national 
tax per tonne of CO2 emissions from the sector, 
and the Danish Energy Agency has published 
an analysis of the potential for electrifying the 
offshore oil and gas industry in line with point 
seven of the North Sea Agreement. Each of these 
variables makes a projection of future operating 
and investment costs highly uncertain. These 
are analysed in Annex C and the corresponding 
results have been integrated into the Monte Carlo 
simulation.

3.5 Decommissioning

One of the areas with the least transparency 
in the oil and gas phase-out in Denmark is the 
decommissioning of platforms. It is not clear 
how this process will take place in practice 
and what the costs are going to be. Oil and gas 
companies operating in Denmark must provide 
financial security to the Danish state, ensuring 
that they are able to fulfil all their agreed upon 
obligations. They are also obliged to perform 
a safe and environmentally sound closure of 
the fields. According to the Danish Subsoil Act, 
all operators in the North Sea must prepare a 
decommissioning plan, which is to be approved 
by the Danish Energy Agency and continuously 
updated. In addition, Nordsøfonden, as a 
representative of the Danish state, should cover 

its share of the costs (Table A). This would also 
apply to decommissioning costs when licences 
expire.

The Ministry of Climate, Energy and Utilities did 
present, in 2015, an estimate of decommissioning 
costs in the Danish part of the North Sea, which 
amounted to around 41 billion DKK ($5.9 billion) 
(Klima Energi- og Bygningsministeriet, 2015). This 
figure has not been updated since and is therefore 
uncertain. So far, very few platforms have been 
abandoned in the Danish sector of the North 
Sea and decommissioning costs have only been 
registered since 2017 (Danish Energy Agency, 
2021). As a result, there is not much experience 
and data to predict future decommissioning 
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costs. The Danish Energy Agency is the only 
authority with full access to data on this issue 
(Danish Energy Agency, 2018). 

The only publicly available projection of 
decommissioning cost that the research 
team could find is in a presentation about 

the future of oil and gas production in the 
North Sea dated 4th December 2020 (Klima, 
Energi- og Forsyningsministeriet, 2020b). A 
reconstruction of the projections can be seen 
in Figure 8, together with the decommissioning 
costs from 2017 to 2020.

Figure 8: Historical and projected decommissioning costs. The historical data is taken from (Danish Energy 
Agency, 2021). The projected decommissioning costs are elaborated based on the presentation given by the 
Danish Energy Agency (Klima, Energi- og Forsyningsministeriet, 2020b).

The projection does not contain any 
confidence intervals. However, to calculate 
future decommissioning expenses, the Agency 
refers to the UK model which does contain a 
probability of the estimates. Furthermore, the 
UK model includes a cost reduction target, 
as continuous improvements on completed 
decommissioning projects are expected to 

drive down abandonment costs (ABEX) (Oil 
& Gas Authority, 2021). Consequently, the 
research team has included uncertainties in 
the decommissioning figures based on the UK 
model’s average uncertainty. More information 
can be found in the United Kingdom Continental 
Shelf (UKCS) decommissioning report (Oil & 
Gas Authority, 2021). 
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The state revenues from the oil and gas industry 
consist of income from general corporation 
tax and a surtax, as well as from the additional 
hydrocarbon tax. The following tax rates apply: 

Corporation tax = 22%, Surtax = 3%, Hydrocarbon 
tax = 52% (Finansministeriet, 2017). The total tax 
revenues from the oil and gas industry in Denmark 
sum up to:

3.6 State Revenues

Total tax=Corporation tax+(1-Corporation tax-
Surtax) • Hydrocarbon tax=64%

At the same time, the state holds a 20% share 
in most of Nordsøfonden’s activities. These 

revenues are calculated as follows:

Nordsøfonden revenue rate=(1-Total tax) • 
Nordsøfonden share=(1-0.64) • 0.2=7.2%

This adds up to a total state revenue of:

State revenue rate=Total tax+Nordsøfonden 
revenue rate=71.2%

Within the North Sea Agreement of 2017, tax 
relief was granted from 2017 to 2025 for all oil and 
gas operators in the Danish sector of the North 
Sea. Companies that have chosen to make use of 
the tax relief are subject to a higher surtax in the 
event of particularly favourable market prices 
in the future. A 5% surtax applies if the oil price 
measured in 2017 becomes 75 $/barrel or more, 
with 2% inflation every year from 2018 starting 
from 2022. If the oil price exceeds 85 $/barrel, 
the surtax becomes 10%. 

As there is no direct public access to data on the 
investments from individual operators, a surtax 
of 3% is chosen in all scenarios even though the 
state revenue could potentially be 72.0% and 
73.9% at a 5% and 10% surtax (cf. North Sea 

Agreement from 2017 (Dansk Folkeparti, Det 
Radikale Venstre and SF, 2017)), respectively, 
during a certain period. 

Historically, the main sources of state revenues 
from the sector have been hydrocarbon and 
corporation taxes. State revenues from oil and 
gas peaked in 2008, when they constituted 1.64% 
of the Danish gross domestic product (GDP) or 
4% in gross value added (GVA) (Danish Ministry of 
Climate Energy and Utilities, 2020; Svantesson, 
Andersen and Møller, 2020). According to 2020 
data from the Danish Ministry of Climate, Energy 
and Utilities, Denmark should not expect oil and 
gas production to become larger than 0.24% of 
GDP in the most productive years to come.

Throughout the previous subsections, input 
data regarding the future oil and gas industry 
in the Danish sector of the North Sea has been 
presented and divided into different categories. 
For each category, further details on the 
projection and its quantified uncertainties can 
be seen in Annex D. 

In Figure 9, a Monte Carlo simulation of the state 
revenues is compared with the data published 
by the Ministry of Taxation and the Ministry 
of Climate, Energy and Utilities. Two of the 
simulations are based on fixed oil and gas prices 
from the 2021 IEA World Energy Outlook (Cozzi 
et al., 2021): Stated policies and sustainable 
development.

3.7 Scenarios for the development of state revenue from the 
production of oil and gas
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Figure 9: The grey area encapsulates within 95% confidence all scenarios that can occur based on given 
conditions in the simulation. To highlight some interesting scenarios using this tool, three different oil and 
gas prices were chosen. The ‘mean state revenue’ presents the average value for each year. The yellow curve 
represents the outcome following the forecast prices of the IEA’s State Policy scenario, and the same in purple 
for the IEA’s Sustainable Development scenario. The scenarios from the Danish Ministry of Taxation and the 
Danish Ministry of Climate, Energy and Utilities are also presented.

The IEA State Policy prices were chosen as the 
Danish institutions use this projection in their 
state revenue scenarios (Ministry of Climate 
Energy and Utilities, 2020). On the other hand, 
IEA’s Sustainable Development prices are 
supposed to be able to lead to the achievement 
of the Paris Agreement’s “well below 2°C” 
global warming target (Cozzi et al., 2021). The 
revenues from the scenarios sum up to $17.64 
billion in 2050, $17.53 billion in 2042 and $12.25 
billion in 2034. In contrast, the IEA’s sustainable 
development scenario would leave state 
revenues from Denmark’s oil and gas industry 
at $6.04 billion in 2042 instead of $6.06 billion 
in 2050.

In Figure 9, these figures are expressed in 
current prices. As a next step, they were 
therefore discounted at a 5.5% rate (long-
term discount factor adjusted for inflation) 
(Finansministeriet, 2021). Calculating the 
total state revenue (= net present value from 
2022) with a 5.5% discount factor leads to the 
following estimates for 2042:

• Mean value of the Monte Carlo simulation: 
$9.7 billion

• Danish Ministry of Climate, Energy and 
Utilities: $17.67 billion

• Danish Ministry of Taxation: $12.59 billion
• Monte Carlo simulation with IEA’s state 

policy price scenario: $9.1billion
• Monte Carlo simulation with IEA’s 

sustainable development price scenario: 
$3.6 billion.

• In comparison, state revenues in 2050 are 
estimated at: 

• Mean value of the Monte Carlo simulation: 
$9.8 billion

• Danish Ministry of Climate, Energy and 
Utilities: $12.17 billion

• Danish Ministry of Taxation: $15.89 billion
• Monte Carlo simulation with IEA’s state 

policy price scenario: $9.2 billion
• Monte Carlo simulation with IEA’s 

sustainable development price scenario: 
$3.6 billion.
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Another way of looking at the results in Figure 9 
is by investigating the break-even oil prices. This 
means estimating the oil price necessary to reach 

a net-zero economic result each year. Table 1 lists 
seven years for comparison. 

Table 1:  Break-even oil equivalent (boe) prices at the respective years using the Monte Carlo simulation. The 
figures are in $/boe.

The break-even prices may look suspiciously low, 
especially in a Danish context, where operators 
usually report them to be around $40-50 per 
barrel (Ritzau Finans, 2016; Maritime Danmark, 
2017; Falkengaard, 2021b). The main reason is that 
the estimate of UOC follows the UK model based 
on the field’s age. The model gives a relatively 
low value compared to the historical UOC three 
years prior, as seen in Figure 7. The UOC did 
fluctuate considerably, with the OPEX decreasing 
in recent years, indicating a decreasing oil 
and gas production. With an estimated growth 
in production from 2023 and decreasing 
investments and exploration, the UOC seems to 
stabilise for some years, even though the fields 
become older, until licences begin to expire, and 
the break-even price begins to increase strongly. 

Looking at the results, the mean of the Monte 
Carlo simulation (black curve in Figure 9) follows 
a similar progression to the Ministries’ scenarios 
but with lower state revenues in 2042 and 
2050. It is interesting that the state revenues 

estimated by the Ministry of Taxation decrease 
quite significantly between 2042 and 2050 (as 
indicated by the steep decline of the red curve). 
Everything indicates that the Ministry expects a 
large part of the decommissioning to take place 
in this period, but the research team could not 
access the precise calculations regarding OPEX, 
CAPEX and decommissioning costs behind the 
two Ministries’ scenarios. It is therefore difficult 
to evaluate if the Ministries overestimate state 
revenues. Nevertheless, the three scenarios 
are based on the best information currently 
accessible, and all five scenarios stay within the 
95% confidence range, making them at least 
‘equally likely’. 

Another observation is that the IEA’s State Policy 
prices scenario closely follows the mean price 
range, even though it consists of an average of 
many price projections from different sources. 
The IEA’s Sustainable Development prices are 
also close to the Monte Carlo simulation’s break-
even prices every year. 

2024 2028 2032 2036 2040 2044 2048

31.1 34.1 35.3 35.1 43.6 47.4 >600*

*High break-even price due to decommissioning this year.
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Section 3 focused on 2050 as a deadline 
for phasing out the production of oil and 
gas in Denmark. One of the most important 
principles of the just transition is that carbon-
intensive countries, like Denmark, must take 
the lion’s share of the responsibility for cutting 
CO2 emissions, even if this might have a 
significantly negative impact on the economy 
(Atteridge and Strambo, 2020). 

This issue is also addressed by (Calverley and 
Anderson, 2022): 

“For our central scenario (50% chance of 1.5°C), 
the final redistribution that balanced equity 
with delivery sees oil and gas production in the 
wealthiest… nations reduce by 50% in just six 
years and cease by 2034.” 

“If the chance is to be increased to 67%, the 
requirement is 2031.” 

As the authors perceive 2034 as the ‘central’ 
option, the research team has developed a 
scenario for this year but also for 2042. Within 
this frame, the focus is on the main hindrances 
to an earlier phase-out and the political 
decisions that must be taken to ensure that the 
preconditions for its realisation are in place in 
due time. Naturally, the year 2034 builds on 
another forecast scenario and is indicative. 
What matters is that the consequences of a 
deadline significantly earlier than 2050 are 
being discussed.

An accelerated phase-out would especially 
influence private operators and the Danish 

state is also likely to experience losses in 
revenues. It would, thus, become more difficult 
to finance the state’s share of decommissioning 
costs. However, based on the stakeholder 
consultations, and if unemployment remains 
very low, the implications for the community 
of Esbjerg and for vulnerable groups locally 
and nationally would be manageable. 

For long, 'carbon leakage' was a repeated 
argument against phasing out oil and gas 
in Denmark. It is the phenomenon where 
regulations of an industry's greenhouse 
gas emission in one country only cause the 
emissions to increase in other countries with 
more lenient legislation (Hansen, Yang and 
Pedersen, 2022).  'Carbon leakage' has been 
estimated to be as large as 80% (+/- 15%)  in 
the Danish case according to (Klimarådet., 
2020a).

Despite the 'carbon leakage' phenomenon, it 
could still be argued that Denmark's phase-
out of oil and gas would contribute in reducing 
global warming. Firstly, there would still be 
a modest reduction in CO2  - maybe even 25 
% following the estimation by (Klimarådet., 
2020a). Secondly, being first-movers 
could improve long-term Danish industrial 
competitiveness due to the development 
of early transition capabilities. Lastly, 
demonstrating the outcome of phasing out a 
major energy source deriving from fossil fuel 
can inspire other countries and make the low 
carbon economy not only more just but also 
more likely.

4. Alternative scenarios 
and a policy proposal
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This section discusses the two scenarios 
mentioned above for an earlier oil and gas phase-
out, showing complex and intertwined aspects. 
These require more analysis and strategic 
decisions to exploit potential synergies. 

The first question to be answered is, to which 

extent would production and state revenues be 
lost due to an earlier phase-out than 2050? Table 
2 shows the cumulated production deficit for 
2034 and 2042. As also mentioned in Section 3, 
the loss is very limited if the oil and gas phase-
out occurs in 2042 but it is more pronounced by 
2034. 

4.1 Two scenarios: 2034 and 2042

Status 2034 2042

Crude oil production (million bbl) -180.41 -16.84

Natural gas production (million MMBtu) -453.64 -60.15

Table 2:  The oil and gas production deficit caused by an earlier phase-out, in 2034 and 2042, based on the 
Monte Carlo simulation from Section 3.

A major argument against an accelerated end of 
oil and gas activities is the potential loss of state 
revenues. A phase-out in 2042 would result in 
relatively low losses (less than $1 billion), but if 
the transition were completed already in 2034, 
the loss would be between $1.6 billion and $5.4 
billion, according to the three scenarios (Table 

3). In comparison, the Danish public budget 
was around $162 billion in 2019. Turning the 
loss in revenue into net present value (there is 
a preference for money today rather than in ten 
years) will roughly account for 1–3% of the public 
budget, using 2019 as a benchmark.

2050 2042 2034

Mean value from the Monte Carlo simulation 17.64 17.53 12.25

IEA’s state policy price 17.04 16.93 11.54

IEA’s sustainable development price 6.06 6.04 4.43

Table 3:  Total state revenues (billion $, current prices) in three different phase-out scenarios, based on the 
Monte Carlo simulation.
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Another argument against an early phase-out 
is the resulting loss for private operators (not 
including the state ownership). According 
to our results, the lost profit is estimated to 
be around $0.1 billion and $1.54 billion if oil 
and gas production ended in 2042 or 2034, 
respectively. Including the discount factor 
(5.5%) in the lost profit, the figures become 

$0.03 billion and $0.58 billion in 2042 and 2034, 
respectively. Consequently, if operators were 
asked to terminate production before 2050, 
state compensation would be in this order of 
magnitude. In addition, falling oil prices may 
further reduce private revenues and increase 
potential compensation claims from the state.

In Denmark, the relatively long phase-
out horizon (2050) might be an important 
hindrance for pursuing an earlier deadline. 
The main stakeholders in the field, indirectly 
or directly, have all directed their operations 
towards 2050 and the consensus is that 2050 
is sufficiently ambitious to reach the net-
zero target. But as highlighted by (Calverley 
and Anderson, 2022), this is far too late for 
developed countries like Denmark. To fulfil 
their global responsibility, developed countries 
must use their capacity to act sooner, out of 
solidarity with less well-off countries with a far 
more limited capacity and ability to act. With 
a phase-out target considerably earlier than 
2050, the just transition of the Danish oil and 
gas sector might thus be turned into a “more 
just” transition from a global perspective. 

The first step in accelerating the process would 
be to raise the issue of an earlier phase-out 
from a purely economic perspective, as this 
has been a convincing argument in the debate 
concerning the 2050 deadline (Sperling et al., 
2021). As an indirect way to raise awareness, 
the research team used consultations with 
stakeholders in society. There were opposing 
views on this issue, with most noting that 
an earlier deadline was not on their agenda. 
The employers’ representative rejected even 
considering this vision as it would require a 
renegotiation of the recent Danish North Sea 
Agreement, a highly unlikely process in his 
view. On the other hand, the representatives of 

employees and local businesses acknowledged 
that production will inevitably decrease 
significantly until 2042. This revealed that 
they expect, in practical terms, large parts of 
the phase-out to be completed before 2050 in 
any case.

Making 2034 a target year, however, would 
require decisive political decisions, as key 
stakeholders expect the largest part of 
reserves to be exploited by the end of the 
2030s. Experts at the workshop noted that the 
high oil prices induced by the war in Ukraine 
could also increase state revenues in the short 
term, which could be used for supporting a 
faster phase-out.

What this would imply for the workforce is 
somewhat influenced by an apparently typical 
Danish trait amongst offshore workers: their 
highly flexible set of skills, leading to a frequent 
exchange of labour between the oil and gas 
and wind power industries. In consultations, 
stakeholders said this is leading to the 
paradoxical situation where some oil and gas 
companies are now recruiting employees 
back from the wind power industry. They even 
foresee this demand will intensify in the short 
term, with a potential shortage of oil and gas 
workers if oil production remains at current 
levels. 

Regardless of the temporary setback in wind 
power, stakeholders expect a general lack of 

4.2 Stakeholder positions on an earlier phase-out and the just 
transition
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A phase-out earlier than 2050 would inevitably 
raise the question of compensation payments to 
affected licenced operators. The estimated profit 
loss could be used to quantify potential claims, as 
described in the previous sub-section, although 
this might be too simplistic. According to the 
Minister of Climate, Energy and Utilities, Dan 
Jørgensen, compensation payments to licenced 
operators would be ‘enormously expensive’ (Øyen, 
2020a). Besides these statements, the team has 
not been able to identify detailed information 
on this issue (such as actual agreements or 
contracts explicitly stating the sum of money to 
be paid). Therefore, it has not been possible to 
precisely determine what ‘enormously’ means. 

However, an earlier agreement between the 
state and licence holders that was extended 
after Total acquired the Maersk licences is still 
valid (Bendtsen, 2003; Kammeradvokaten, 2017). 
Under the agreement, licence holders can claim 
compensation for losses incurred because of 
regulatory changes up to a level that matches any 
‘net income to the state’. The precise meaning 
and legal argument of this clause, however, have 
not been further investigated in this report.

Another aspect that ought to be part of the 
(public) debate is whether compensation claims 
would decline with the decreasing productivity 
of the wells. In this case, the expected amount 
of state compensation would probably decrease 
significantly throughout the 2030s (assuming that 
compensation claims can indeed be measured in 
projected net losses for the operators). Experts 

at the workshop stressed that new business 
ventures for (some of) the platform operators (e.g., 
CCS and power-to-x) should also be considered, 
as this could further accelerate the production 
decline and increase the compensation level, but 
also influence state revenues.

The question of compensation was already an 
issue when the Danish North Sea Agreement was 
implemented in 2020, as some operators had the 
right to extract oil and gas after this deadline. 
Therefore, the government at the time was ‘in the 
process of persuading firms having a concession 
after 2050, to give it up’, according to (Svansø and 
Olsen, 2020). 

In summary, economic forces and political 
processes are expected to enforce an earlier 
phase-out than 2050, but having a deadline as 
early as 2034 or 2042 would probably require 
compensation for private operators. It is therefore 
important to strike the right balance by setting an 
earlier end date that would minimise the level of 
compensation. Part of such a process would also 
consist in entering a close dialogue with private 
operators and settling a low-cost agreement 
if possible. Whatever the sum, the funds will be 
redirected from other purposes, implying an 
element of redistribution, often at the expense 
of weaker parties. As an alternative, the state can 
accelerate the phase-out through several other 
instruments (e.g., by supporting new offshore 
business ventures or with taxation) that would 
help reduce CO2-emissions of operations.

4.3 The question of compensation

skilled personnel in relation to the government’s 
plans for offshore wind, CCS, energy islands and 
power-to-x, as well as in the implementation of 
international agreements such as the recent 
Esbjerg Declaration, which committed the 
concerned parties to deliver 150 GW of offshore 
wind power in the North Sea by 2050 (The 

Esbjerg Declaration: on The North Sea as a Green 
Power Plant of Europe, 2022). Based on the 
consultations, the research team concluded that 
stakeholders would expect new, non-oil-related 
investments in the North Sea to compensate for 
an earlier phase-out and even greater intensity in 
case of a very early deadline, like 2034.
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Decommissioning has been considered in 
our forecasts as it is a costly and potentially 
lengthy, but also legally required, process. 
Operators (i.e., licence-holders) will have to 
fulfil their decommissioning obligations with 
the participation of Nordsøfonden, regardless 
of the speed and course of the oil and gas 
phase-out. Decommissioning would, hence, 
neither slow down nor speed up the process.

How and to what extent decommissioning 
is going to take place is, however, crucial to 
the phase-out process in practice. Would the 
phase-out of oil and gas end with a complete 
termination of the activities followed by an 
immediate decommissioning? Or could a more 
mixed picture be expected to materialise due 
to the potential or supplementary alternatives 
to full decommissioning that have been aired in 
scientific and political circles? The importance 
of this question was acknowledged at the 
expert workshop, which also underlines the 
need for more transparency on the issue, with 
access to decommissioning plans and costs.

 4.4.1 Rig-to-reefs

Some platforms could, in general, turn from 
‘rigs-to-reefs’, meaning that some of their parts 
will not be removed but abandoned to become 
‘reefs’. The rigs-to-reefs principle concerns 
the substructure of the platform but could, 
in principle, also include part of the subsea 
infrastructure (Jørgensen, 2012; van Elden et 
al., 2019).

There are two major arguments supporting the 
rigs-to-reefs concept: first, to lower the total 
decommissioning cost, and second, to protect 
the ecosystem around the platform from 
fisheries, as it limits industrial bottom trawling 
of the seabed (Falkengaard, 2021a). Based on the 
Decommissioning Insight report from the UK 
Oil and Gas Industry Association, substructure 
and subsea infrastructure removal account 
for 4% and 9% of the overall decommissioning 
costs. According to (J. Kaiser, 2019), in the USA, 
usually 50% of the realised savings from turning 
rigs into reefs is paid in compensation to the 
state. However, no such clause is included in 

the North-East Atlantic OSPAR Agreement, an 
international convention to protect the marine 
environment. The biggest obstacle to the rigs-
to-reefs principle is a clause from the OSPAR 
Decision 98/3 that aims at returning the marine 
environment to its original state:

“The dumping, and the leaving wholly 
or partly in place, of disused offshore 
installations within the maritime area is 
prohibited” (OSPAR Commission, 1998). 

Enabling the rigs-to-reefs concept, if deemed 
to be feasible, is a transnational matter. The 
most challenging task would be to convince 
several entities, including governmental 
agencies, NGOs, OSPAR members and 
ministers from member countries, to discuss 
and agree on changing this decision. Research 
and scientific articles on the topic should help 
drive the discussion, which should be founded 
not primarily on economic arguments but 
rather on ecological ones. The rigs-to-reefs 
concept generates controversy, as in the 
case of Shell’s Brent field, where Greenpeace 
activists boarded the rig because it was meant 
to be left behind (Greenpeace International, 
2019).

Another concern regarding the rigs-to-reefs 
concept is how it may affect other industries, 
such as wind and shipping (Falkengaard, 
2021a). It is, hence, important to continue to 
assess and monitor its potential advantages 
and disadvantages to ensure that it is only 
implemented at sites where the environmental 
and economic benefits outweigh the costs. 

4.4.2 Carbon capture storage

Abandoned or decommissioned platforms 
could potentially be used for carbon capture 
and storage (CCS). Reusing part of the existing 
oil and gas infrastructure is a faster solution 
for launching CCS and two CCS projects should 

4.4 The question of decommissioning
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already be in operation in 2025 and 2027 (Klima, 
Energi- og Forsyningsministeriet, 2021). This 
seems to be a solid argument as time is key to 
reach the target of net-zero emissions in 2050. 
CCS would offer a new business opportunity for 
the operators, which might contribute to an earlier 
phase-out of oil and gas and reduce compensation 
fees. But, as pointed out at the expert workshop, 
how quickly and in which fields and platforms CCS 
projects could be implemented is still an open 
question.

CCS also raises several strategic questions that 
need to be addressed by decision-makers: how and 
when would CCS projects become commercially 
feasible through either national CO2 taxes, trading 

CO2 permits, or other forms of direct and indirect 
governmental support? In addition, how should 
any new operational licence be granted for the 
purpose of CCS ensuring due diligence before 
oil and gas production licences expire or the 
platforms are decommissioned? Questions could 
also arise about how the ownership of a new CCS 
licence and whether this might interfere with 
the existing oil and gas ones, e.g., transferring 
decommissioning commitments to those being 
responsible for CCS. Another issue is whether 
the 20% state ownership will transfered to new 
licences, as has been the case for all licences 
issued since 2005 (Nordsøfonden, 2021), and 
what revenue streams are to be expected in this 
scenario.

4.5 The question of electrification

Among the initiatives aiming at carbon 
neutrality, the Danish authorities and the oil 
and gas industry are collaborating to assess the 
possibilities of electrifying relevant platforms 
to reduce greenhouse gas emissions from the 
existing production. However, this requires 
electricity to be generated by sources emitting 
far less CO2 than natural gas, or even zero-
carbon ones. Experts at the workshop noted 
that the electrification of platforms could play 
an important role in oil and gas production, from 
both an economic and climate perspective, until 
2050. This is, however, economically hampered 
by the maturity of the platforms, licence expiry 
and remaining resources. A significant part of 
the CO2 footprint of oil and gas production is due 
to fuel consumption during platforms’ operation 
and flaring. Platform operations accounted 
for 2.2% of Denmark’s total emissions in 2018, 
while flaring accounted for 0.6% (Falkengaard, 
2020). Experts also pointed out that while fossil-
free electricity can improve the environmental 
footprint of platforms, it may also prolong their 
operation due to the potential reduction of OPEX.

The electrification of platforms does also 
involve sizable long-term investments. From 
a business perspective, the solution would be 
difficult to implement on platforms that are 

going to be abandoned soon, or at least before 
the net present investment value turns positive 
(Energistyrelsen, 2022a). It could, however, be 
argued that electrifying the platforms paves the 
way for their further use. Thus, it would make 
sense to electrify platforms that are planned and 
suitable for other uses after end-of-life, such as 
for CCS. In such a case, it is necessary to assess  
which of these platforms are located at geological 
structures most suitable for CCS.

A fact that could improve the business case for 
electrification and reduce the lifetime of some 
of the platforms is a national CO2 tax. The Danish 
government has recently proposed a reform 
(Regeringen, 2022), introducing a national tax 
of 375 DKK (around 50 $) per tonne of CO2 for 
industries already covered by the EU emission 
trading system, including oil and gas companies1. 
This would be a high cost for oil and gas operators 
and the director of INEOS in Denmark, Mads 
Gade, has estimated that it will naturally reduce 
the lifespan of those fields that are unable to use 
alternatives to gas turbines (Kærgaard, 2022).

So far, this discussion has not even begun at the 
political level, although raising awareness on 
the issue could be fundamental for speeding up 
strategic decisions.

1 Companies that are not covered by the EU emission trading system are designated to pay 750 DKK per tonne of CO2 in taxes (around 100$).
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Agreeing upon crucial political decisions, like 
phasing out oil and gas extraction by 2050, has 
been an important signalling post for private 
and public investments and it has paved 
the way for fulfilling some of the seven just 
transition principles. Nevertheless, the present 
knowledge of the phase-out process in practice 
is limited. Not only is progress uncertain due 
to price and cost uncertainties inherent in oil 
and gas extraction, but uncertainty also stems 
from the high-risk, large-scale investments 
in ‘phasing in’ new technologies like CCS and 
electrification. 

This partial mutual dependence between 
phase-out and phase-in exacerbates the 
uncertainty and reinforces the need for a 
coherent approach. If an earlier oil and gas 
phase-out enters the political agenda, the 
uncertainty will become even bigger, as some 
operators would feel compelled to change their 
operational plans. This would then also have an 
impact on production forecasts. 

Next, operators would probably ask for 
support to accelerate the development of 
alternative business options, which would 
further highlight the uncertainty surrounding 
the market readiness of solutions such 
as CCS. This would increase the sector’s 
dependence on the feasibility of CCS and other 
technological solutions, having less time for 
their development.

Not all technical, economic and political 
developments can be foreseen and planned. 
But the high uncertainty attached to the oil and 
gas phase-out calls for timely efforts to address 
unresolved issues. The North Sea sector 
is looking into an economic future marked 
by substantial technical and environmental 
challenges, such as matured fields and ageing 
platforms, as well as uncertain prices, CO2 taxes, 
decommissioning or costs for retrofitting 
platforms. While visibility, and therefore public 
debate, on these issues is limited in Denmark, 
the UK authorities publish a yearly status report 
on operating and decommissioning costs. To 
establish a public debate that informs political 
decisions in line with the principles of the just 
transition (Atteridge and Strambo, 2020), a 
degree of openness and transparency and a 
more inclusive discussion are vital. 

Another way of reducing uncertainty is to 
envision synergies between the different 
elements of the phase-out process from a 
political and administrative point of view. At 
present, stakeholders tend to discuss the oil and 
gas phase-out and its complementary features, 
including energy islands, CCS and offshore wind 
farms, as isolated and mutually independent, at 
least in public. This could lead to a suboptimal 
phase-out of oil and gas production in Denmark 
with potentially unnecessarily high costs to 
society and businesses. 

4.6 The question of uncertainty

To make the North Sea transition more orderly 
and better planned, the team recommends 
setting up an expert committee consisting of 
different and complementary competencies 
covering electrification, energy islands, 
offshore wind turbines, oil and gas, energy 
law, main- and non-mainstream economics, 
planning, as well as environmental and political 
sciences. The committee’s task should be 
to develop and provide strategic support to 
decisions regarding the future of the offshore 
industry in the Danish North Sea.

The goals of this committee would be to:

• Identify the main decisions to be taken 
and at least the basic details for their 
implementation

• Develop a timetable to help politicians 
make the right decisions in due time to 
produce synergies, minimise risks and 
avoid unnecessary costs.

In its work, the committee should address the 
key questions that have been partly discussed 
in this report:

4.7 The need for an integrated long-term plan

1  Companies that are not covered by the EU emission trading system are designated to pay 750 DKK per tonne of CO2 in taxes (around1 100$).
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• What is required to phase-out the production 
of oil and gas in Denmark before 2050, for 
instance, by 2034 or 2042?

• How many and which platforms should be 
used for CCS? Should only these platforms be 
electrified?

• What could realistic compensation 
expectations be in case of an earlier phase-
out? What could be done to reduce these 
potential claims, perhaps in collaboration 
with the operators?

• How would a national CO2 tax contribute to 
the transition? For instance, is the recently 
proposed tax rate sufficient to accelerate the 
phase-out? 

• How can national and international efforts 

within offshore wind energy, energy islands 
and power-to-x support the reduction of 
greenhouse gas emissions from the offshore 
oil and gas industry in its last years of 
existence in the Danish sector of the North 
Sea? 

The work of such an independent committee 
should be based on the best available information 
and the results and background analyses should 
be publicly available. To achieve this, a close 
collaboration with the Ministry of Climate, Energy 
and Utilities and the Danish Energy Agency is 
recommended. Periodic reporting to the Ministry 
could ensure continuous progress and the 
provision of state-of-the-art updates for political 
decision-making. 

4.8 Reflections on the scenario-making process

As noted in the introduction, this report offers 
the first publicly available oil and gas phase-out 
scenarios until and before 2050. As such, it aims 
to provide a critical and constructive contribution 
to the implementation of the Danish North Sea 
Agreement. The analysis and model results have 
been limited by the lack of access to background 
data, especially regarding forecasts about oil 
and gas production, OPEX and decommissioning 
costs, and possible state compensation claimed 
by operators. Contrary to the uncertainty 
inherent to the technological development of 
CCS, power-to-x and platform electrification, 
much of this background data is available but is 
covered by business confidentiality. This hinders 
the design of realistic alternative scenarios and 
their discussion in public. 

For similar future analyses, it is therefore 
recommended that the Danish Energy Agency and 
the Ministry of Taxation be granted permission 
to share these important data, at least on an 
aggregate level, with assigned resources to do 
so if needed. This request emerged strongly as 
some experts invited to the workshop refused 
to participate, arguing that their relevance and 
potential contribution would be limited because 
they regarded the Danish Energy Agency as the 
only expert due to its access to confidential data 
needed to make production prognoses.

As a concluding remark from a just transition 
perspective, the extent to which the Danish oil and 
gas transition should replace economic activities 
and infrastructures within the sector has so far 
not been debated. In the coming years, it will be 
necessary to regard the sector’s transition as 
part of the overall national effort to achieve zero 
carbon emissions. The flexible character of the 
workforce indicates that many of the jobs can be 
transferred to other offshore energy operations.

 

However, from a socio-economic and energy 
system perspective, it is unclear whether this 
is sufficient and what the ‘optimal’ strategy 
would be in the long term. A debate and the 
formulation of a strategy are necessary to 
assess all possibilities, including the transfer 
of parts of the current offshore activities to 
sites and industries onshore. The task would 
then be to integrate onshore and offshore 
transitions to achieve both economically 
beneficial and socially fair development.
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Annex A:
Licences and gas production forecasts

Operator Location/Blocks Licence granted Licence expiry date Nordsøfonden 
ownership share 

 Sole Concession of 8 July 1962 

TotalEnergies EP 
Danmark A/S 

5504/7, 8, 11, 12, 15, 16 ("Contiguous Area") 

5505/13, 17, 18 ("Contiguous Area") 

5603/27, 28 (Gert) 

5504/10, 14 (Rolf) 

5604/25 (Svend) 

5604/21, 22 (Harald/Lulita) 

8 July 1962 8 July 2042 20% 

 7/86 (Lulita part) 

INEOS E&P A/S 5604/22 24 June 1986 (2nd round) 8 March 2026 0% 

 7/89 (South Arne Field) 

INEOS Energy (Syd 
Arne) ApS 5604/29, 30 20 December 1989 (3rd Round) 14 February 2047 0% 

 1/90 (Lulita) 

INEOS E&P A/S 5604/18 3 July 1990 8 March 2026 0% 

 4/95 (Nini Field) 

INEOS E&P A/S 5605/10, 14 15 May 1995 (4th Round) 18 June 2032 0% 

 6/95 (Siri Field) 

INEOS E&P A/S 
5604/16, 20 

5605/13, 17 
15 May 1995 (4th Round) 18 July 2027 0% 

 4/98 (Solsort field delineation) 

INEOS E&P A/S 5604/26, 30 15 June 1998 (5th Round) 29 June 2045 18.44 % 

 5/98 (Hejre Field) 

INEOS E&P A/S 
5603/24, 28 

5604/21, 25 
15 June 1998 (5th Round) 15 October 2040 0% 

 16/98 (Cecilie Field) 

INEOS E&P A/S 5604/19, 20 15 June 1998 (5th Round) 18 June 2032 0% 

 1/06 (Hejre Field) 

INEOS E&P A/S 
5603/28 

5604/21, 25 
22 May 2006 (6th Round) 15 October 2040 20% 

 5/06 (Ravns field) 

Wintershall 
Noordzee B.V. 5504/1, 2, 5, 6 22 May 2006 (6th Round) 

Greater Ravn until the 2nd 
of January 2050 (Ravn 

field delineation until the 
19th of September 2044) 

36.36% 

 8/06, area B 

TotalEnergies EP 
Danmark A/S 5504/7 22 May 2006 (6th Round) 8 July 2042 20% 

Table A:  Overview of licences for exploration and production granted in the Danish sector of the North Sea (The Danish Energy 
Agency, 2022).
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Figure A: Historical gas production and forecasts prepared by the Danish Energy Agency until 2042, which for 
the purpose of this report has been extrapolated to 2050 (Energistyrelsen, 2021). The forecast is divided into 
three contributions: the expected production profile, technological resources, and prospective resources, as 
different uncertainties are attached to these resources.

Operator Location/Blocks Licence granted Licence expiry date Nordsøfonden 
ownership share 

 Sole Concession of 8 July 1962 

TotalEnergies EP 
Danmark A/S 

5504/7, 8, 11, 12, 15, 16 ("Contiguous Area") 

5505/13, 17, 18 ("Contiguous Area") 

5603/27, 28 (Gert) 

5504/10, 14 (Rolf) 

5604/25 (Svend) 

5604/21, 22 (Harald/Lulita) 

8 July 1962 8 July 2042 20% 

 7/86 (Lulita part) 

INEOS E&P A/S 5604/22 24 June 1986 (2nd round) 8 March 2026 0% 

 7/89 (South Arne Field) 

INEOS Energy (Syd 
Arne) ApS 5604/29, 30 20 December 1989 (3rd Round) 14 February 2047 0% 

 1/90 (Lulita) 

INEOS E&P A/S 5604/18 3 July 1990 8 March 2026 0% 

 4/95 (Nini Field) 

INEOS E&P A/S 5605/10, 14 15 May 1995 (4th Round) 18 June 2032 0% 

 6/95 (Siri Field) 

INEOS E&P A/S 
5604/16, 20 

5605/13, 17 
15 May 1995 (4th Round) 18 July 2027 0% 

 4/98 (Solsort field delineation) 

INEOS E&P A/S 5604/26, 30 15 June 1998 (5th Round) 29 June 2045 18.44 % 

 5/98 (Hejre Field) 

INEOS E&P A/S 
5603/24, 28 

5604/21, 25 
15 June 1998 (5th Round) 15 October 2040 0% 

 16/98 (Cecilie Field) 

INEOS E&P A/S 5604/19, 20 15 June 1998 (5th Round) 18 June 2032 0% 

 1/06 (Hejre Field) 

INEOS E&P A/S 
5603/28 

5604/21, 25 
22 May 2006 (6th Round) 15 October 2040 20% 

 5/06 (Ravns field) 

Wintershall 
Noordzee B.V. 5504/1, 2, 5, 6 22 May 2006 (6th Round) 

Greater Ravn until the 2nd 
of January 2050 (Ravn 

field delineation until the 
19th of September 2044) 

36.36% 

 8/06, area B 

TotalEnergies EP 
Danmark A/S 5504/7 22 May 2006 (6th Round) 8 July 2042 20% 

 12/06 

Dana Petroleum 
Denmark B.V. 

5504/16, 20, 24 22 May 2006 (6th Round) 20 May 2046 20% 

 3/09 (Solsort Field Delineation) 

INEOS E&P A/S 5604/25, 26, 29, 30 29 June 2009 25 June 2045 20% 

 2/16 

Wintershall 
Noordzee B.V. 5504/1, 5 6 April 2016 (7th round) 

Greater Ravn until the 2nd 
of January 2050 (Ravn 

field delineation until the 
7th of December 2046) 

36.36% 

 4/16 

Dana Petroleum 
Denmark B.V. 5504/20 6 April 2016 (7th round) 20 May 2046 20% 

 9/16 

Wintershall Dea 
International GmbH 

5604/22,26,27,30,31 

5504/3 
6 April 2016 (7th round) 31 December 2022 20% 
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Annex B:
Production forecast errors
As a way of addressing the uncertainty inherent 
to the production forecasts, it was suggested 
in the expert workshop to evaluate whether 
past oil and gas production forecasts were 
correct. Three reports published by the Danish 
Energy Agency were selected to examine the 
prognoses:

• The Danish oil and gas production 2005 
(Energistyrelsen, 2006).

• The Danish oil and gas production 2010 
(Energistyrelsen, 2011).

• Resources and forecasts 2016 (Danish Energy 
Agency, 2016).

Based on the results in Figure B and Figure C, it 
is apparent that the Danish Energy Agency has, 
in general, been too optimistic in forecasting 
oil production, while predictions about gas 
do not show a clear pattern or tendency. The 
underestimation of the actual production was 
incorporated into the Monte Carlo model. The 
positive forecast errors are considered in 
the technological and prospective resource 
profiles in the forecasts, as seen in Figure C.

Figure B: Assessment of the accuracy of the Danish Energy Agency’s forecasted oil production based on five-
year prognoses. The data is collected from three reports published by the Danish Energy Agency in 2005, 
2010, and 2016, as well as actual historical oil production each year (Energistyrelsen, 2006, 2011; Danish 
Energy Agency, 2016). The bar chart represents the forecast error in percentages compared to the actual oil 
production.
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Figure C: Assessment of the correctness of the Danish Energy Agency’s forecasted gas production based 
on five-year prognoses. The data is collected from three reports published by the Danish Energy Agency in 
2005, 2010, and 2016, as well as actual historical oil production each year (Energistyrelsen, 2006, 2011; Danish 
Energy Agency, 2016). The bar chart represents the forecast error in percentages compared to the actual gas 
production.
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Annex C:
Future operational and capital 
expenditures
Future operational expenditures

It has not been possible to find public projections 
about the future OPEX of the Danish oil and gas 
industry. However, the UK Oil and Gas Authority 
publishes an annual report for operating costs 
in the United Kingdom Continental Shelf, where 
UOC is presented based on variables such as: 

• Field region

• Infrastructure type 

• Infrastructure age group in a field

• Infrastructure water depth

• Topside weight. 

To create a projection of the future UOC in the 
Danish sector of the North Sea, the research 
team selected the UOC by infrastructure age 
group in a field, as this takes the maturing of 
the infrastructure into account. The UK Oil and 
Gas Authority divides the infrastructure age in 
a field into four categories: 1 to 10, 11 to 20, 21 
to 30, and over 30 years, as seen in Figure D. 
Data for the UKCS operating costs in 2017, 2018, 
and 2019 are shown, divided into each of the 
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Figure D: Average unit operating cost (UOC) by field age group in 2017 – 2019 from the UK (Oil & Gas Authority, 
2018a, 2018b, 2019) and comparison of the average UK and Denmark’s UOC in the period 2017–2019.

Future capital expenditure

The business risk in the oil and gas industry 
has changed after the North Sea Agreement 
came into force in Denmark, as the long-term 
investments are now constrained by the expiry 
date of licences that cannot be extended. 
Consequently, projects that were previously 
expected to commence have been reviewed 
(Energistyrelsen, 2021). This is particularly 
visible in the Danish Energy Agency’s resource 
and prognoses’ report from 2021, which 

states that the extraction from new oil and 
gas discoveries and exploration activities has 
been reduced by 66% following the North Sea 
Agreement (Energistyrelsen, 2021). This is a 
direct indication that investments in future 
projects will be reduced.

Based on historical investment and exploration 
cost per barrel of oil equivalent, a direct 
positive correlation exists with UOC of r = 0.82, 
as seen in Figure E.

four categories, as well as average operation 
costs (Oil & Gas Authority, 2018a, 2018b, 2019). 
Comparing the average age of the UK and 
the Danish infrastructure shows a close UOC 
relation based on the infrastructure age group. 
Data, like the age of each platform present in 

the Danish sector of the North Sea, is publicly 
available at OSPAR (OSPAR Commission, 
2021). The age of each field’s infrastructure is 
weighted against its barrels of oil equivalent 
produced in 2019. The model also considers 
when the licence of each field expires.
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Figure E: Unit operating cost (UOC) as a function of unit capital cost (UCC) based on historical data since 
1985. UOC and UCC are calculated based on historical data of operating cost and investment cost divided by 
barrels of oil equivalent in the same period (Danish Energy Agency, 2020, 2021).

Figure E illustrates the linear regression of 
the relation between UOC and UCC with a 
95% prediction interval bounded by the outer 
dashed lines. The prediction interval is an 
estimate of future CAPEX that will fall within a 
95% probability. Calculations based on the true 
prediction interval may only be a suboptimal 
representation of the variance within the data 
(for elaboration, cf. Severin Hansen et al., 
2020). 

Future investment costs are therefore 
predicted to follow in a linear way the 
operating costs, as seen in Figure F, but with 
an exponential reduction of 66% in 2050. 
UCCs are generally expected to decline due 
to decreasing investments, while UOCs are 
expected to increase due to growing OPEX in 
existing wells over time.
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Figure F: Historical and estimated future unit operating cost (UOC) and unit capital cost (UCC) in the oil and 
gas industry in the Danish sector of the North Sea.
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Annex D:
Graphical representation of the Monte 
Carlo simulation
 A combined graphical presentation of the Monte 
Carlo simulation set up to take uncertainties 
into account can be seen in Figure G, where 
the distributions represent multiple uncertain 
variables as a function of time from 2022 
to 2050. The variables then propagate their 
uncertainty, creating a combined distribution 
regarding different possible outcomes, which 
are then joined as profit likelihood for each 

year. The research team acknowledges that 
platforms’ electrifications, CO2 taxes, rigs-to-
reefs and CCS could significantly impact future 
profits. However, they have been excluded 
from the Monte Carlo simulation as there is 
currently not enough information on these 
topics. Further details are discussed in Section 
4.

Figure G: A combined graphical presentation of the Monte Carlo simulation setup for propagating uncertainties. The distributions 
represent the multiple uncertain input variables as a function of time from 2022 to 2050. The multiple uncertain variables then 
propagate their uncertainty creating a combined distribution regarding the different possible outcomes, which is then joined as 
profit and their likelihood for each year.
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