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Identifying and prioritising measures for Norwegian 
O&G decarbonisation
Å The pressure is increasing on accelerating decarbonisation: There is a rising emphasis on 

intensifying decarbonisation efforts in order to mitigate increasingly evident global warming impacts and 

meet looming 2030 targets to reduce emissions aligned with national, regional and Paris commitments. 

For Norway, in the near-term this entails reducing greenhouse gas (GHG) emissions by at least 50 

percent and towards 55 percent by 2030 compared to 1990 levels ïand in the long-term to be a low 

emission society by 2050. As of end-2021, Norway had only reduced emissions by 4.5 percent 

compared to 1990 levels. Comprising the highest share of Norwegian emissions (around 25 percent), 

the Norwegian oil and gas (O&G) industry has a responsibility in enabling Norway to meet its 

decarbonisation targets. As part of the temporary changes to the Petroleum Tax Act in 2020, the 

Parliament set an absolute target of 50 percent scope 1 emission reductions by 2030 compared to 2005 

levels for the industry. This is also the target now adopted by KonKraft when assessing the status of the 

climate strategy (previous target of 40 percent reduction by 2030).

Å Traditional measures for decarbonising O&G assets are heavily debated: Electrification through 

power from shore is viewed as the main measure to decarbonise the Norwegian O&G industry. 

However recent developments have sparked a heated debate on how the power grid should be 

developed and whether O&G assets should be electrified from shore. Other decarbonisation measures 

are under development, however current maturity, plans and adoption pace do not suggest sufficient 

scale by 2030. There is a need to investigate whether further measures can be taken to accelerate 

technology development and implementation in the coming years.

Å Need for assessing various decarbonisation measures and ways of accelerating implementation: 

Through this study, Oil and Gas for the 21st Century ïñOG21ò ïhas commissioned DNV to describe 

realistic ways to accelerate the technology implementation required to meet the GHG emission 

reduction targets, as well as how Norway can take a leading role in emerging industries and petroleum 

decarbonisation by ensuring Norwayôs leading energy companies and their suppliers provide a 

competitive edge. Moreover, there is increasing focus on decarbonising the whole petroleum value 

chain, and DNV has therefore also investigated opportunities for the Norwegian O&G industry in taking 

responsibility for reducing scope 3 emissions.
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Decarbonisation measures can increase 
competitiveness but more is needed to meet the targets
Å Norwegian gas demand stronger for longer: It is uncertain to what extent oil and 

gas demand will fall leading up to 2050. From a Norwegian perspective, European 

demand for natural gas is set to be more robust in the near-term, given EU aims to 

rid itself of Russian gas by 2027. Piped Norwegian gas will be cheaper and with a 

lower GHG footprint for the EU than imported LNG, helping to ensure a European 

market for Norwegian natural gas.

Å Pace of EU gas demand contraction still a key question-mark: On the other 

hand, EUôs aim to significantly cut gas demand could also eat into Norwegian 

exports over time which poses a risk in the longer term. By committing to further 

reductions in GHG emissions through decarbonisation measures discussed in this 

report, the competitiveness of piped gas from Norway can be strengthened 

compared to alternatives and thereby be the last to be phased out towards EUôs 

pathway to net zero.

Å More measures needed: KonKraft estimates that an emission reduction of 33 

percent is possible by 2030, compared to 2005 levels, when looking at sanctioned 

measures as well as measures that are relatively mature. Through adding measures 

currently in the concept/screening phase, a 51 percent GHG reduction is projected. 

As it is unlikely that all immature measures will be implemented, developing 

additional prospective measures is essential to delivering a 50 percent reduction by 

2030. Moreover, having a suite of measures that take the potential reductions 

beyond 50 percent is essential in order to offset the risk that certain measures are 

not implemented.

Å GHG reduction measures must focus on gas turbines and big emitters: With 

gas turbines making up 83 percent of scope 1 emissions, and eight O&G installations 

making up over 50 percent of total emissions on the Norwegian Continental Shelf 

(NCS), measures should target emission stemming from gas turbines and largest 

emitters to deliver on the GHG emission reduction commitments.
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Prioritising decarbonisation measures to steer focus
From long-list to short-list

8

Short-listed measures to accelerate decarbonisation

Electrification: Power from shore (coordinated approach) 

Electrification: Power from shore (individual approach)

Electrification: Local supply from offshore wind 

Gas-fired power hub with CCS

Energy efficiency through reservoir management: Water 

management 

DNV has identified and assessed a long-list of measures that can support the NCS in 

meeting near- and long-term GHG emission reduction targets. The assessment has been 

undertaken through an iterative process whereby DNV experts have evaluated the various 

technologies across a set of screening criteria, with opinions having been informed and 

qualified through input provided by OG21 experts in workshops with all five OG21 

Technology Groups (TGs). All measures have been scored by applying a ñhighò, ñmediumò 

or ñlowò traffic light methodology across the set of criteria, with the aim to take a holistic 

view on the overarching potential of each measure as well as to specifically identify and 

visualise potential barriers and opportunities. 

On the basis of the input from the workshops as well as the scoring 

assessment, the measures listed in the long-list were narrowed down to a 

short-list of measures. These measures have received the main focus 

of this study, as the ones with the biggest potential to help accelerate 

decarbonisation on the NCS. However, it is important to note that 

although some technologies are not part of the short-listed measures, this 

does not mean that DNV does not see a potential for scaling these 

technologies offshore.

Long-list of decarbonisation measures

Energy efficiency through reservoir management: Water 

management 

Energy efficiency through reservoir management: Artificial 

intelligence 

Energy efficiency through reservoir management: COИ-EOR

Optimized gas turbines: Waste heat recovery 

Geothermal energy to reduce electrical power demand offshore

Increasing the energy efficiency

Compact topside CCS

Hydrogen and hydrogen-derived fuels for power production

Optimized gas turbines: Utilisation

Electrification: Power from shore (coordinated approach) 

Electrification: Power from shore (individual approach)

Electrification: Local supply from offshore wind 

Gas-fired power hub with CCS

Reducing emissions from the gas turbines

Replacing gas turbines through electrification
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Electrification
Key takeaways

Å Electrification of O&G platforms through power from shore is considered a key measure 

to achieving the GHG emissions reduction targets, with an estimated total potential of 4.5 

million tonnes CO2e emission reduction per year in 2030. The preferred network design 

solution depends on several factors, and two fundamentally different options exist: an 

individual and a coordinated design approach. 

Å Individual design approach: Each platform is connected to the onshore grid via a 

dedicated radial connection. This design offers simplicity and requires less coordination 

but can result in an overall sub-optimal network design and higher costs to ensure 

reliability of supply. 

Å Coordinated design approach: Multiple platforms are connected to one offshore hub 

(shared substation) before being further connected to the onshore grid through a radial 

connection. Although this is a more complex design requiring a high degree of 

coordination between stakeholders with different ownerships in licenses and assets, 

significant economics of scale and a more optimal network design can be achieved. 

Å The main obstacles are related to distances from shore and weight and space limitations 

for DC equipment, high cost and potential loss of revenue due to downtime during 

retrofitting, access to sufficient power from shore, as well as long lead times. For a 

coordinated approach, differences in remaining lifetime of assets and frequency levels 

are also important challenges.

Å Several mitigations exist on technical obstacles such as subsea or more compact 

equipment. On more political and societal obstacles, important mitigations include 

speeding up decision-making processes, establishing predictable policies and 

frameworks to give clear investment signals for offshore electrification, and building out 

new renewables and grid capacity. 

Å Although electrification of platforms through power from shore is considered a key 

measure, anticipated reduction in power surplus and increased grid constraints, 

historically high power prices and continued domestic bidding zone price gaps, in 

additional to a challenging geopolitical landscape has caused a heated political debate on 

how the power grid should be developed and whether the NCS should be electrified from 

shore. This brings uncertainty to developers and operators. Long-term and predictable 

policies are crucial in reducing risks. 

Power from shore (coordinated and individual approach) 

Å Norway has excellent offshore wind resources and should act on 

the opportunity to take part in the global megatrend of offshore 

wind development.

Å O&G platforms could be supplied with electricity from offshore 

wind turbines without a connection to shore. As such, this solution 

can help provide electrical power to installations in areas with long 

distances to shore or where the onshore grid is constrained. 

However, this would require a back-up solution to ensure 

consistent power supply.

Å Offshore wind can be either bottom fixed or floating, however the 

water depth on the NCS suggests floating solutions are largely 

required. Floating wind is approaching large scale and 

commerciality, with only a few years before we will see the large 

multi unit-projects. Innovation and developments are still needed in 

order to reduce costs. 

Å According to KonKraft, electrification through local supply from 

offshore wind is estimated to have a potential of 0.4 million tonnes 

of CO2e emission reductions per year in 2030 (based on reported 

measures). However, the potential can be much higher, especially 

in areas where electrification from shore is challenging. Installing a 

wind farm could also be an intermediate solutions until a cable 

from shore is in place.

Å Supply chain constraints, long lead times and insufficient policies 

are key obstacles for implementing offshore wind. In order to 

ensure predictability, it is important to speed up decision-making 

processes, develop local supply chains, ensure sufficient support 

mechanisms and coordinate developments across industries.

Å Combining power from shore with offshore wind can ensure 

security of supply as well as power supplied to shore during 

surplus hours. Technically, the power cable should be able to 

export back to the shore without major adjustment.

Local supply from offshore wind 

Å Electrification increases the energy efficiency, resulting in less 

energy use overall. Moreover, the operational costs can be 

reduced due to lower cost of CO2 tax and fuel. Electrification of 

offshore assets will also have the indirect benefit of reduced 

noise and thereby improved working environment offshore.

Å The released natural gas can be exported to Europe and used 

in onshore gas power plants with higher efficiencies. This will 

both increase export revenues for Norway while at the same 

time helping Europe to become independent of Russian gas.

Å A combination of building out an offshore grid with power form 

shore and offshore wind farms to supply installations on the 

NCS has several industrial opportunities: developing floating 

offshore wind industry in Norway; ensuring security of supply to 

the installations and power supply to the onshore grid during 

surplus hours; facilitate a future meshed offshore grid that can 

connect to the planned North Sea offshore grid long-term; 

facilitate an offshore industry long-term when O&G assets are 

decommissioned.

Å Concepts of combining offshore wind with existing power-from-

shore concepts, e.g. Utsira High or Troll West, can be 

especially relevant, as investments in transmission supply are 

already paid for. This can reduce OPEX from power purchases, 

limit total power losses through the transmission cables, while 

also give rise to fast-track medium-sized wind farms that could 

be important stepping stones to cost-efficient large-scale wind 

farms in the early 2030ôs. An important obstacle that should be 

further investigated is the uncertainty in regulatory frameworks 

for delivering power to shore under the Petroleum Tax Act.

Key advantages and opportunities
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Gas-fired power hub with CCS
Key takeaways 

Å A gas-fired power plant with CCS provides electricity through running gas 

turbines while capturing and storing the CO2. The plant could be located 

both onshore or offshore, and the preferred solution will depend on 

several factors (costs, available infrastructure, permits and regulation, 

political and societal acceptance, amongst others) which will depend on 

the given case.

Å Several concepts have been developed, but none has been constructed 

to date. Use of qualified equipment as far as possible will be important in 

order to reduce risk and uncertainty.

Å An offshore power hub is a stand-alone solution independent of power 

from shore. As such, it can help provide electrical power to installations in 

areas with limited onshore infrastructure or long distances to shore. In the 

long term, the power hub could be connected to shore to supply 

additional power and balancing capabilities to the onshore grid. An 

onshore gas-fired power plant is in principle the same concept as power 

from shore but could help increase power production onshore.

Å DNVôs analysis show that offshore power hubs located in three areas 

could reduce emissions by 4.5 million tonnes CO2e per year in 2030 

(around 35 percent total reduction from 2020 levels), if all required 

infrastructure for transport and storage of CO2 is in place.

Å A power hub requires many operators and stakeholders to agree on a 

solution and distribute cost and risk, so early dialogue and cooperation is 

key for getting this measure started.

Å The solution could help further develop the Norwegian CCS supply chain, 

cementing Norway as a global leader in CCS activities and commercial 

CCS value chains.

Gas-fired power hub with CCS

Photo: DNV/DGS AS
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Reservoir water management
Key takeaways 

Å With increasing energy cost and CO2 price, the incentive for promoting 

new and improved technologies will increase. Co-operation between 

operators, vendors and expert areas is key to promote technology 

developments and remove silos.

Å The potential for energy optimization for water management stems from 

topside with optimal use of water pumps and compressors, subsea or 

downhole water treatment with separation and reinjection of water, and 

control of well inflow by smart completion. Choice of solution and 

resulting GHG emission potential is highly case sensitive, and the key to 

success for water management will be good reservoir understanding in 

combination with efficient use of data and technology.

Å The costs of new water displacement technologies are high. 

Standardization of technologies will bring down costs and risks, as will 

strengthening regulatory requirements to apply new technology in license 

and PDO-processes. 

Å Several possibilities are available to limit water inflow and the energy 

used for water management. 

Å Tail-end production with high water-cut wells is energy intensive. For the 

fields with the highest water-cut, shut-down of the fields might be a more 

economically viable solution taking a long term industry perspective. If the 

industry is not progressing to meet GHG emission reduction targets, the 

government could respond by increasing the CO2 taxes and thereby 

reduce the long term value of all O&G industry production.

Energy efficiency through reservoir water management 
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Case study on selected measures
Main results

12

0: Do nothing 1: Power from shore 

(coordinated 

approach)

1.1: Floating wind 

turbines and power 

from shore

2. Gas-fired power hub 

offshore with CCS

2.1: Floating wind 

turbines and gas-fired 

power hub offshore 

with CCS

Conceptual illustration

Short description Running traditional gas-

fired turbines without 

modifications.

250 MW HVDC cable 

from shore with 

dedicated jacket for DC 

equipment, AC supply to 

platforms.

Same as case 1 

including floating wind 

turbines with installed 

capacity of 85 MW.

Sevan floater 250 MW 

power hub as stand-

alone solution located 

with AC supply to 

platforms.

Same as case 2 

including floating wind 

turbines with installed 

capacity of 85 MW.

Power purchased from 

shore [TWh/yr]
- 1.10 0.75 - -

Power produced 

offshore [TWh/yr]
1.10 - 0.35 1.10 1.10

Fuel consumption 

[TWh/yr]
3.65 - - 2.00 1.40

CO2 emitted [tonne/yr] 722,700 - - 39,400 27,100

CAPEX [MNOK] N/A 12,780 15,580 16,760 19,560

O&M costs [MNOK/yr] 80 120 155 80 110

CO2 tax [MNOK/yr] 1,455 - 0 80 55

Fuel/electricity cost 

[MNOK/yr]
790 580 400 430 300

Abatement cost [NOK/ 

tonne CO2 abated]
N/A 2,680 2,786 3,271 3,326

LCOE [NOK/kWh] 2.41 1.77 1.84 2.04 2.11
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Results using the base case assumptions. Sensitivity analysis on key parameters are presented in the following slide

Key assumptions are presented in Section 4. Both the LCOE and abatement cost are calculated based on discounted flows (costs, energy and CO2)

A high-level case study on a full electrification of three platforms with 85 MW 

power demand each located close to each other was performed, comparing 

a few selected measures. The following results can be observed:

Å The most expensive option measured in LCOE is not doing 

anything (Case 0). This is due to the high CO2 tax and fuel cost (the 

alternative value of exporting natural gas).

Å All alternative cases will result in energy being used more efficiently, 

with the power from shore cases being the most energy efficient, as

well as more gas being available for export to Europe.

Å Case 1 (Power from shore through a coordinated approach) has 

the lowest LCOE and abatement cost due to lower investment 

costs compared to the alternatives. However, it must be noted that 

this does not include investment costs for upgrading the grid capacity 

onshore, which might be needed depending on the location of the 

platforms.

Å Case 2 (Gas-fired power hub offshore with CCS) has a higher LCOE 

than power from shore, however is a stand-alone solution and thus 

not dependent on the onshore grid. Note that a case with gas-fired 

power hub onshore with CCS has not been assessed in this case 

study, as the concept is similar to electrification through power from 

shore.

Å Introducing floating offshore wind helps reduce the OPEX as it 

either reduces the cost of purchasing electricity (Case 1.1.) or reduces 

the cost of fuel and CO2 tax (Case 2.2). However, the LCOE and 

abatement cost is increased due to higher investment costs.

Å All cases have an abatement cost exceeding the expected CO2 price 

in 2030. However, it is not unreasonable to expect a further increase 

in the CO2 tax beyond 2000 NOK/tonne CO2.

Å It is important to note that this case study is high-level and that the 

cost of various measures are extremely case dependent. Moreover, 

potential project specific cost factors have been excluded, such as 

downtime for retrofitting and associated postponed revenue*. The 

following slide present sensitivity analysis to show how the results 

are affected by a change in the assumptions.

*The required downtime for retrofitting is highly project specific. Electrification of assets can be completed within normal 

maintenance stops, depending on the technical basis and careful planning. In other cases, additional downtime will be required.
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Case study on selected measures
Sensitivity analysis

13

-15.0 % -10.0 % -5.0 % 0.0 % 5.0 % 10.0 % 15.0 % 20.0 %

WACC -/+ 2%

O&M -30/+50%

Fuel price -/+ 30%

CO2 tax -300/+500 NOK/tonne CO2

Case 0: Do nothing

Sensitivity analysis have been performed to assess the uncertainty in the results as well as map out which

parameters have the highest effect on the results. As no uncertainty has been applied to the power 

production or the CO2 abated, the results shown below (percentage change) apply to both the LCOE and 

the abatement cost. 

The analysis show that the CAPEX for retrofitting of the platforms have the highest impact (positive and 

negative) for most cases. This is due to the fact that the cost of retrofitting is extremely case dependent and 

as such the uncertainty ranges are high.  

Even with a low retrofitting cost, the abatement cost is higher than the CO2 price for all cases. Although not 

assessed here, the abatement cost could be lower than the CO2 price in the event of several assumptions 

being reduced simultaneously (e.g. both a lower CAPEX of retrofitting and a lower CAPEX on equipment). 

Moreover, it is not unreasonable to expect a further increase in the CO2 tax beyond 2000 NOK/tonne CO2. 

For business as usual (the ñdonothingòcase), the CO2 tax and fuel price have the highest impact on the 

results. Further details can be found in Section 4.

Case 1: Power from shore (coordinated 

approach)

-20.0 % -10.0 % 0.0 % 10.0 % 20.0 % 30.0 % 40.0 % 50.0 %

O&M -30/+50%

Power price -/+ 30%

WACC -/+ 2%

CAPEX equipment -30/+50%

CAPEX retrofit -1000/+3000 MNOK

Case 1.1: Floating wind turbines and 

power from shore

-20.0 % -10.0 % 0.0 % 10.0 % 20.0 % 30.0 % 40.0 % 50.0 %

O&M -30/+50%

Power price -/+ 30%

WACC -/+ 2%

CAPEX equipment -30/+50%

CAPEX retrofit -1000/+3000 MNOK

Case 2: Gas-fired power hub offshore 

with CCS

Case 2.1 : Floating wind turbines and gas-

fired power hub offshore with CCS

Base:

LCOE: 2.41 NOK/kWh

Abatement cost: NA

Base:

LCOE: 1.77 NOK/kWh 

Abatement cost: 2,678 NOK/tonne CO2

Base:

LCOE: 1.84 NOK/kWh 

Abatement cost: 2,786 NOK/tonne CO2

-20.0 % -10.0 % 0.0 % 10.0 % 20.0 % 30.0 % 40.0 %

CO2 tax -300/+500 NOK/tonne CO2

O&M -30/+50%

OPEX CO2 storage +/- 200 NOK/tonne CO2

Fuel price -/+ 30%

WACC -/+ 2%

CAPEX equipment -30/+50%

CAPEX retrofit -1000/+3000 MNOK

-20.0 % -10.0 % 0.0 % 10.0 % 20.0 % 30.0 % 40.0 %

CO2 tax -300/+500 NOK/tonne CO2

OPEX CO2 storage +/- 200 NOK/tonne CO2

O&M -30/+50%

Fuel price -/+ 30%

WACC -/+ 2%

CAPEX equipment -30/+50%

CAPEX retrofit -1000/+3000 MNOK

Base:

LCOE: 2.04 NOK/kWh 

Abatement cost: 3,271 NOK/tonne CO2

Base:

LCOE: 2.11 NOK/kWh 

Abatement cost: 3,326 NOK/tonne CO2
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Scope 3 emission reductions increasingly important, 
with large value potential for Norwegian O&G industry

Å Scope 3 reporting pressures ramping up: Oil and gas companies increasingly are expected to 

report on scope 3 emissions and include them in decarbonisation targets, to capture full value chain 

emissions. Scope 3 emissions can be defined as being the ñresult of activities from assets not owned 

or controlled by the reporting organization, but that the organization indirectly impacts in its value 

chainò, according to the GHG Protocol. The EU Corporate Sustainability Reporting Directive will require 

reporting and tracking of scope 3 emissions, while stakeholders ranging from investors to NGOs expect 

companies to report on scope 3 emissions and develop strategies on how to reduce them. 

Å Safeguarding value and competitiveness: Devising ways to reduce scope 3 emissions for 

Norwegian O&G companies will become a key to the long-term competitiveness and value of the 

sector. Scope 3 emissions can be reduced by i.e., setting supplier requirements, decarbonising fuels 

upstream or downstream decarbonisation (i.e., converting natural gas to blue hydrogen or generating 

natural gas-fired power with CCS). Ensuring the long-term value of Norwegian O&G companies will 

thus likely depend on sufficiently ambitious scope 3 emission reduction targets and the credibility of 

strategies. 

Å Tackling use of sold products emissions is key to reducing scope 3 footprint: Around 75% of 

scope 3 emissions from the O&G sector stem from emissions from the use of sold products (category 

11 in the GHG Protocol). This is also where investors assess the main transition risk of their oil and gas 

company exposure to lie, and as they look to reduce such risks, working with the decarbonisation of 

fuels and their use is a key element for the O&G sector to retain competitive financing over time. The 

focus is on natural gas, as most of the reduction from use of oil will come from a reduced demand due 

to alternatives (such as electrification of transport).

Å Scope 3 should also be a concern for Norway: Nation-states have shown little appetite to take 

responsibility for scope 3 emissions to date, but as international carbon budgets dwindle fast pressures 

could increase. In Norwayôs case, national scope 3 emissions associated with the use of exported 

fossil feedstock and fuels are substantial. As pressures ramp up for corporates to take more value 

chain emissions responsibility, the pressure on Norway as an exporter of emissions may increase 

accordingly. By decarbonizing fossil fuels upstream (in Norway) or supplying CCS equipment and 

expertise downstream (internationally) Norway will take more responsibility for reducing exported 

emissions and be on the right side of this narrative. 

Å REPower EU and scope 3 emissions: Norway will be a key provider of natural gas to the EU and 

aiding the diversification away from Russian gas. This reduces the near-to-mid term attractiveness of 

exporting decarbonized natural gas in the form of  blue hydrogen to Europe, as the energy losses in its 

conversion and reduced energy shipped (by pipeline) are negative energy security factors. This 

bolsters the argument for decarbonizing the natural gas downstream instead. However, over time, 

there is a risk that energy efficiency gains in Europe also eats into Norwegian gas exports, while low-

carbon hydrogen demand in the region grows. A one-sided focus on exporting natural gas may lead to 

Norway not moving early enough to establish competitive hydrogen value chains. Further, this may 

ultimately also lead to Norway being less in control of the scope 3 emission reduction narrative. 

Å Natural gas power with CCS ïMaximizing gas energy security impact: Gas power with CCS could 

contribute substantially to reduce scope 3 emissions from Norwegian gas, either through deployment 

within or outside Norway. Within Norway, the main benefits would be the scope 1 emission reductions 

for oil and gas operators, an increased ownership for Norway in reducing emissions from produced 

natural gas, the potential for electrification of industry and NCS, combined with the creation of a CCS 

value chain and jobs. Outside of Norway, the main benefits are reduced losses from energy 

transmission ïkey for European energy security ïas well as relatively higher near-term export 

revenue from maximizing gas exports. Outside of Norway, positioning Norwegian companies to take 

part in a European CCS value chain will be key to maximizing the value for Norway and the O&G 

sector and documenting ownership of scope 3 GHG emission reduction efforts. 

Å Blue hydrogen and hydrogen derivatives ïsetting the stage for new industry: Blue hydrogen and 

hydrogen derivatives would create value by decarbonizing fuel/feedstock upstream ïenabling Norway 

to take firm ownership of scope 3 decarbonization efforts and would support the establishment of new 

hydrogen and CCS industry. That said, energy losses from conversion and transmission would 

negatively impact the amount of energy shipped to Europe, which could negatively impact energy 

security imperatives in the near-to-medium term. 
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Norwegian O&G industry can harvest the value 
potential of GHG emission reduction measures
The energy transition offers challenges, but also enormous business opportunities. To harvest the value potential of GHG emission reduction measures, the Norwegian O&G industry needs to take a 

leadership role in Scope 1, 2 and 3 decarbonisation solutions for the petroleum value chain now. This will i) provide a de-risked long-term business model in a low carbon world, ii) support the pace 

of the required global transition to reduce GHG emissions and iii) provide strategic value.   

Financial value potential: A de-risked long-term business 

model in a low carbon world

1. Norwayôs O&G industry as large exporter of GHG 

emission reduction technologies: With already established 

access to global O&G markets, the Norwegian O&G industry is 

in a good position to export decarbonisation technologies and 

benefit of a large expected global potential. 

2. Prolonged production life and reduction of stranded 

assets: Reducing GHG emissions will provide a competitive 

advantage vs. other O&G producers as Norwegian O&G 

producers can offer a more attractive product, thereby 

prolonging production life of existing Norwegian assets and 

reducing the risk of stranded assets. 

3. Continued access to capital, financing the energy 

transition: Creating integrated energy players by (i) 

continuously reducing the emission intensity of its O&G 

operations and (ii) investing in low-carbon markets, the cost of 

capital could be lower for Norwegian companies than for more 

O&G pure-play competitors, helping finance the companyôs 

transition.

4. Norway as the long-term provider of energy security to 

Europe: Long-term demand for natural gas is uncertain. A 

leading role in fossil fuel decarbonisation solutions increases 

the partnership and cooperation with the EU and makes 

Norwegian gas a more attractive option to include in EUôs 

pathway to net zero.

Emissions value potential: Support the pace of the required 

global transition to reduce GHG emissions

1. Reduced emissions as a license to operate globally: 

Recent examples of increased engagement from investors and 

activists highlight that reduced emissions are increasingly 

becoming a value driver. If the Norwegian O&G industry has 

the lowest CO2e/barrel, and the gas is decarbonised 

downstream, it offers a low carbon value chain opportunity.

2. Norwegian gas as a transition fuel for Europe: Piped 

Norwegian natural gas has the advantage of relatively low life 

cycle emissions for European end-use vis-à-vis LNG imports. 

This will favour Norwegian gas as a transition fuel to replace 

coal and Russian gas and as an input to low-carbon fuels such 

as blue hydrogen/ammonia, as it is more likely to meet the 

gradually tightening requirements for natural gas to be EU 

taxonomy aligned. 

3. Pricing in externalities: Mandatory disclosure requirements 

and scope 3 emissions reporting are forcing companies to 

show tangible contributions to global goals, and investors are 

increasingly pricing in transition risks. Products that can 

document such contributions will likely obtain preferential 

treatment and potential premiums in the market, creating new 

ways of adding value.

4. Increased cooperation along the O&G value chain: The 

scope 3 value potential offers a need and opportunity for 

increased collaboration across the full O&G value chain, from 

upstream to downstream and across borders.

Strategic value potential: Being a leader in decarbonisation 

solutions for the petroleum value chain

1. Prolonged political support for O&G activities: A sector that 

meets up to Norwayôs GHG emission reduction targets could 

expect longer political support, including financial support, than 

one that is not doing so. 

2. Taking decarbonisation responsibility by achieving 2030 

and 2050 targets: Cases of «green washing» in the global O&G 

industry is a serious risk to public perception. A Norwegian O&G 

industry that invests in its future by acknowledging its emissions 

and streamlining efforts to correctly measure and reduce them in 

line with ambitious targets, will ensure that Europe will look to 

Norway as a preferred supplier of O&G products. 

3. Retaining and attracting talent: Labour is an essential 

ingredient in creating value, and sufficient access to skilled 

labour will require an industry with foresight. Ambitious, realistic 

and measurable reduction of GHG emission in line with 2030 

and 2050 targets may attract a higher calibre of employees and 

board members.

4. Jump on the megatrend of electrification: The planned build-

out of 30 GW offshore wind offers an opportunity to create 

synergies by e.g. developing a multi-purpose offshore grid. The 

result will be a deeper connection of the O&G industry to the 

power sector and heavy industry, sectors that will see a growing 

size of investments and therefore opportunities. By jumping on 

this trend, the Norwegian O&G industry is provided with 

increased future value creation.
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What does it take?
Identifying actions that could help acceleration
Å The technologies exist but costs are still high: The technologies to reduce GHG emissions by 50 

percent in 2030 ïand beyond ïexist. However, the costs are still high and both scaling and further 

developments are needed. Financial instruments to support implementation, technology qualification and 

R&D could help de-risking and reduce technology cost.

Å As mentioned by KonKraft, examples of financial instruments could be: contracts for difference, as 

seen in the UK for offshore wind; establishing a CO2 fund (where the increase in the CO2 tax is 

earmarked for funding decarbonisation measures and developing new offshore industries); continuing 

the NOx-fund; and strengthening the mandate of Enova and R&D programmes (e.g. Petromaks 2, 

Demo 2000, Climit) and centres (e.g. The Petrocenters and the LowEmission Centre)

Å Predictable and long-term policies help scaling and implementation: The current political climate 

and debate on electrification of the NCS brings uncertainty. As cancellation or delay in planned power-

from-shore projects will make it difficult to reach the 2030 targets, long-term and predictable policies are 

crucial in reducing risks. 

Å The 30 GW target for development of offshore wind is an important first step in ensuring a large-scale 

development of offshore wind in Norway. To reduce uncertainty and risk, authorities should be clear 

on a step-wise roadmap for how the targets can be reached and start opening new areas for offshore 

wind.

Å Norway should increase its ambitions on development and implementation of clean technologies to 

position Norwegian industry and ensure a competitive advantage.

Å More robust frameworks and supporting measures can facilitate acceleration: A robust regulatory 

framework needs to be in place to support strong deployment and provide long-term investment signals. 

Å Robust frameworks for offshore wind development and clarity in basis for competition need to be in 

place to support strong deployment and provide long-term investment signals. 

Å Clarity is needed in tax regimes for cross-over license areas between new industry (such as offshore 

wind or power hubs) and O&G assets, and how connections to the grid would impact this.

Å Solutions that enable a speedy transition: Given current lead times on technologies as well as lengthy 

regulatory processes, the industry needs to act now in order to reach the targets in 2030. However, it is 

important to not lock in sub-optimal solutions for the long term.

Å Given the time needed for license and application processes, project development, as well as lead 

time of equipment, projects that aim to be operational in 2030 should conclude the feasibility stage 

gate (DG1) before end of 2023. 

Å Both for developing new renewable and grid capacity, license and application processes should be 

reviewed and the capacity of proceedings should be strengthened. The EU has proposed measures 

to speed up the approval and development process of new renewable capacity, such as ñgo-to-

zonesò. As part of the EEA, Norway might be covered by this fast track permitting plan. 

Å For an offshore grid build-out from shore, a short-term solution could be to start with radial 

connections that can later build into an offshore grid, similar to how the onshore grid has been built 

historically. 

Å For CCS, new storage sites could be developed in parallel, and more license areas could be 

allocated. KonKraft also suggest establishing concrete targets for how much CO2 should be stored on 

the NCS to ensure CCS becomes a commercial industry.

Å Strengthening measures to accelerate action: Progress in reaching the emissions reduction targets 

should be closely monitored. If progress is lagging, support mechanisms can be combined with 

strengthening measures that increase the cost of emissions to accelerate action, in the form of higher 

CO2 taxes or punitive measures. Such measures would ultimately reduce the long-term value of all O&G 

production and should be evaluated in light of both the energy transition and the current energy security 

landscape.

Å Cooperation can help optimise solutions and bring down overall costs: Solving the issues at hand 

before 2030 requires cooperation between license partners and operators. Although more complex than 

individual solutions, this helps ensure a more optimal overall solution with lower overall costs. Good 

dialogue and simultaneity is key, as is data sharing to ensure transparency.

Å A coordinated approach ïeither an offshore power hub, large offshore wind farm or power from 

shore ïcan lay the foundation for a future meshed offshore grid that increases redundancy as well as 

new offshore industries in the longer term. KonKraft suggests Norwegian authorities should take an 

active role in EUôs work with development of frameworks for hybrid projects and the future masked 

offshore grid in the North Sea. 

Å Create a strategy for the short- and long term: When assessing solutions to decarbonise the 

petroleum value chain, it is important to think both short- and long-term. This means building a strategy 

that supports both decarbonisation targets towards 2030 while at the same time laying the foundation for 

transitioning from oil and gas revenue dependency into low-carbon energy carriers and new offshore 

industries, such as offshore wind and hydrogen production.
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1. Introduction and 
background for the study 
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Identifying and prioritising options for Norwegian O&G 
to decarbonise
Background for project: Oil and Gas for the 21st Century ïñOG21ò ïhas commissioned DNV to produce this study 

on how the Norwegian Oil and Gas industry can meet its decarbonisation targets for 2030 and beyond. By the end of 

this project, the study will have enabled OG21 to describe realistic ways to accelerate technology 

implementation required to meet the GHG emission reduction targets.

Key objectives: 

Å Technology insights: Obtain a thorough understanding of potential greenhouse gas (GHG) emission reduction 

technologies, their technical and commercial readiness levels, application scope and scaling, and development 

and implementation obstacles

Å GHG emission reduction impact: Identify measures and actions that could be taken to accelerate development 

and implementation of the most promising GHG reduction technologies with respect to GHG reduction volumes, 

scaling, and implementation timeline.

Å Creating and safeguarding value: Describe the business opportunity for the Norwegian state as well as for 

Norwegian industry enterprises in taking a leadership role in petroleum decarbonisation solutions (Scope 1, 2 

and 3 emissions). 

Desired outcome: The findings from this report will play an important part in ensuring OG21 can describe realistic 

ways to accelerate the technology implementation required to meet the GHG emission reduction targets, as well as 

how Norway can take a leading role in emerging industries and petroleum decarbonisation by ensuring Norwayôs world 

leading petroleum companies and solutions provide a competitive edge.

18
Image source: GettyImages - Morkemann
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A chronological approach to identifying and prioritising 
solutions

Report methodology

Å Step-wise prioritisation: The report will 

reflect the methodology of the study (see 

1.3), through which a step-by-step narrowing 

down of a number of solutions seeks to 

identify the most promising solutions to 

decarbonise the Norwegian oil and gas 

sector. 

Å Scope 1 focus, but scope 3 lens: The main 

focus of the report is to identify solutions to 

reduce scope 1 emissions for oil & gas 

operators ïwhich is the focus of steps 3-4 

and 6, but step 5 and 6 will shed light on key 

considerations for scope 3 emissions, the 

evolving narrative of value-chain emissions 

responsibility and industrial opportunities. 

Å Appendices: Will elaborate on details for 

scope 1-3 emissions and solutions that were 

not prioritised. This is in order to ensure that 

steps 3-6 are reported as concise as 

possible. 
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Meeting the 2030 GHG emission reduction targets 
require further measures
The Norwegian oil and gas industry has committed to reducing its scope 1 GHG 

emissions by 50 percent in 2030 compared with 2005, and near-zero in 2050. Moreover, 

there is increasing focus on decarbonising the whole petroleum value chain ïthe scope 3 

emissions from petroleum exports are around 6 times higher than the total emissions in 

Norway today. 

One of the main measure to meeting the 2030 emission reduction target is electrification from 

shore. However, a wide-scale electrification of all sectors in Norway in addition to increasing 

demand from new industries is expected, and studies show that investments in grid capacity 

and power production may not be sufficient to meet the demand. This imbalance, alongside 

the current landscape with high consumer electricity prices, has caused a heated political 

debate on how the power grid should be developed and whether the Norwegian Continental 

Shelf (NCS) should be electrified from shore.

Considerable efforts are now made in developing alternatives for reducing emissions on the 

NCS, such as electrification from offshore wind, offshore CCS and low-carbon fuels for gas 

turbines, as well as looking into synergies with scope 3 emission reductions. However, 

current maturity, plans and adoption pace do not suggest sufficient scale by 2030. As such, 

there is a need to investigate whether further measures can be taken to accelerate technology 

development and implementation in the coming years.

20
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Norwegian emissions ïthe big picture

Source: LowEmission research centre
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A holistic approach is important to enable accelerated 
implementation

The Norwegian petroleum sector will only reach the ambitious targets when great care is given to not only understanding 

the technological solutions at hand and the emissions reduction potential they offer, but also when and how technologies 

will be commercially viable. Such a holistic approach will lead to a successful plan on which technologies should be applied 

when, while being aware of specific obstacles for implementation upfront. The result of such planning should be a 

framework for operators that enables an accelerated uptake of the technologies, mostly driven by market acceptance and 

uptake as they see it as an opportunity, rather than regulatory push.

Moreover, it is important to view the possibilities in light of recent market developments and energy policy. Most notably, the 

Ukrainian war has made EU determined to become independent of Russian gas by increasing developments of 

renewables, accelerating green hydrogen and securing supply of natural gas from other sources. This impacts the 

Norwegian energy politics in several ways:

Å The timeline for natural gas from the NCS in its traditional form may be extended. 

Å The incentive for blue hydrogen while building capacity for green hydrogen is more unclear. With Europe in direct need 

of natural gas and gas prices still spiking, the question is whether significant amounts of natural gas will be available for

producing blue hydrogen in the short- to medium term. In addition, the energy losses that results from converting gas to 

blue hydrogen, makes blue hydrogen less attractive during the current energy crisis. However, hydrogen production 

would support demand for low carbon fuels in the longer term, where the demand from hard-to-abate sectors is 

important.

Å The acceleration of renewables and push for offshore wind in Europe provides an opportunity for Norway and the NCS 

to take a leading role in industry developments, but we need to act fast.

Å With energy prices expected to continue at a high level in the coming years as well as the Norwegian power surplus 

approaching zero, the debate on whether to electrify the NCS from shore will likely continue.

21
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Narrowing a long-list of measures to the most 
promising decarbonisation options 

22

The study was performed in two phases, as seen in the 

figure. 

In Phase 1, a set of decarbonisation measures are 

described on a high level based on chosen screening 

criteria. The measures are further discussed in workshops 

with all technology groups (TGôs) in OG21. This provides a 

solid foundation for prioritizing and agreeing on a short-

listed group of technologies for Phase 2.

In Phase 2, a more detailed assessment is done of the 

short-listed measures, including a case study. As part of 

this phase, DNV identifies important measures for 

accelerating development and implementation of the most 

promising measures (ñWhat does it take?ò), as well as 

describing the business opportunities for the Norwegian 

state and industry (ñValue for Norwayò). 

Together, this will provide OG21 with a solid basis for 

describing realistic ways to accelerate technology 

implementation required to meet the GHG emission 

reduction targets.
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Ensuring consistency between direct and indirect 
emission sources

23

Scope 1: 

captures GHG 

emissions from 

operations and 

assets that are 

owned or 

controlled by a 

company and is 

of notable 

importance in 

sectors with high 

direct emissions 

such as fossil-

fuel based 

processing 

industry, 

electricity 

generation and 

manufacturing. 

Scope 2: Captures indirect GHG 

emissions from purchased electricity, 

heat, cooling and steam. Scope 2 

emissions are naturally higher for 

companies that require significant 

amounts of i.e., electricity to run their 

operations

Scope 3: Captures all indirect value chain GHG emissions that 

are associated with a companyôs operations and not captured by 

scope 2. This includes both upstream and downstream in the 

value chain, with the composition of scope 3 GHG emission 

sources varying widely depending on the company in question, 

operations, products, services or suppliers.

The GHG emission reduction targets for the NCS refer to the scope 1 emissions ï

which are direct emissions from the oil and gas industry. Identifying measures to 

reduce these scope 1 emissions is the prime objective of the study and the focus 

of chapters 3 and 4.

In order to ensure clarity and consistency, we apply the following distinctions between 

scope 1, scope 2 and scope 3 emissions in this study.

Å Scope 1 measures/technologies: Qualitative and quantitative assessment of GHG 

emission reduction potential and scaling ïlooking into what it will take to meet the 

targets of the industry ïis done in chapter 3 and 4.

Å Scope 2 measures/technologies: Emissions stemming from purchased electricity 

are scope 2 emissions ïthus indirect emissions as they occur outside of the control 

of the purchaser. While not a focus of this study, DNV notes that the carbon intensity 

of the Norwegian electricity mix was as low as 11 g CO2e/kWh in 2021ïindicating 

very low location-based emissions from Norwegian electricity [1]. These emissions 

are related to physically delivered electricity and would differ for a market-based 

method. Oil and gas operators can also buy guarantees of origin to document zero 

market-based scope 2 emissions.

Å Scope 3 measures/technologies: A more qualitative assessment of the impact of 

scope 3 emissions will be undertaken in chapter 5. This discussion takes a top-down 

approach on how Norwegian petroleum industry can work to reduce indirect value 

chain emissions (scope 3) occurring inside and outside Norway in order to safeguard 

its license to operate and competitiveness, by extension protecting the long-term 

value of the oil and gas industry against tightening sustainability pressures.

Scopes 1-3: Direct emissions main focus of study 

Figure: GHG Protocol 

[1] NVE, Hvor kommer strømmen fra? - NVE (September 2022)

https://www.nve.no/energi/energisystem/kraftproduksjon/hvor-kommer-strommen-fra/
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2. Setting the scene
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Outline of chapter 

There is a rising sense of urgency that global decarbonisation efforts must 

accelerate substantially to limit global warming, in line with rapidly depleting 

carbon budgets. Against this backdrop, this chapter will look into several factors 

that are important for the continued decarbonisation of the Norwegian oil and gas 

industry, as well as its long-term value. These factors are in turn key variables to 

take into account when assessing the merit of various decarbonisation solutions 

in chapters 3-6. Chapter 2 will specifically look into: 

1. Fossil-fuel demand: This chapter touches on the outlook for fossil fuel 

demand in the context of rising decarbonisation aspirations globally ïand 

notably the outlook for Norwegian natural gas in light of the Ukraine conflict. 

2. Emissions from the NCS: In addition to demand for fuels produced on the 

NCS, the emissions stemming from their production remains a sizable share 

of total Norwegian carbon emissions. This chapter will further discuss:  

o Main sources of emissions on the NCS ïto identify where 

decarbonisation solutions must focus to reduce emissions. 

o Top-level overview of decarbonisation solution options ïin order to 

set the stage for a deeper dive in the following chapters.  

25



DNV © 30 SEPTEMBER 2022

The NCS is characterised by still ample resources in smaller 
discoveries that need tie-back to maturing assets

Å Large volumes of remaining resources: Half of the estimated resources on the NCS has 
so far been produced, with around 26 percent remaining reserves or contingent resources, 
and 24 percent still undiscovered. The latter is dominated by the Barents Sea, with around 
half of the resources from unopened areas far North. 

Å Maturing shelf with small discoveries: The average field development size per decade 
has been declining rapidly ïfrom 180 million Sm3 o.e.in the 1970s to around 20 million 
Sm3 o.e. today. At the same time, the average number of field development per decade 
has increased. In 2021, the discovery portfolio consisted of 88 discoveries, with the 
average size being small compared to other petroleum provinces globally. Most of the 
discoveries are too small to justify stand-alone developments, and would require tie-back 
to existing infrastructure.

Å Cost-efficient infrastructure ensures competitive break-even prices: The break-even 
prices (USD/boe) on the NCS are competitive to other petroleum provinces globally. This 
is mainly due to low operational costs, caused by a cost-efficient infrastructure that is well 
suited for development of new resources in existing fields or near-field tie-backs. Utilizing 
(and possibly extending the life of) existing infrastructure contributes to cost-efficient 
developments, especially considering the small size of new developments that require tie-
backs. 

Å Low GHG emissions per barrel produced compared to global average: The CO2-
intensity from production on the NCS (scope 1 emissions) are the lowest among petroleum 
provinces globally, with an average of 7 kg CO2/boe produced. However, the production of 
O&G is a significant contributor to the total Norwegian GHG emissions (around 25 percent) 
and measures need to be taken to further reduce emissions in line with targets.

Å The CO2-intensity varies greatly within the fields on the NCS. Mature fields in tail-end with 
declining production (and more energy required for e.g. water handling) tend to have 
higher CO2-intensities and also higher lifting costs per barrel. For some mature fields, shut-
down might be preferred as the CO2 tax can give negative field economics - especially with
increasing taxes. However, most of the fields are interlinked and the shut-down case is a 
complicated decision that cannot be seen in isolation. Keeping the assets alive for some 
more years gives the licence flexibility to serve new nearby discoveries via tie-backs. 
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The demand for oil and gas in the energy transition is uncertain, 
but gas will likely surpass oil as the main fossil energy source 

Global oil and gas demand

Å Several net-zero scenarios have been developed in the last decade, showing a wide 

span in projected oil and gas demand towards 2050. In DNVôs newest Energy 

Transition Outlook (ETO) we estimate what we believe to be the most likely future of 

oil and gas demand given current policies and developments. Our estimates show 

that global natural gas supply will surpass oil to become the largest primary energy 

source in the early 2030s, with relatively stable gas supply towards 2040 before 

declining towards 2050. Oil demand is expected to have a steeper decline. 

Å It is however important to note that the ETO shows we will not reach the Paris targets 

in time, and that we are heading for a global warming of 2.3 degrees. In order to 

reach the targets, both oil and gas demand needs a more rapid decline than 

estimated.
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1) DNV Energy Transition Norway (2021)

2) https://www.regjeringen.no/no/aktuelt/pm-tilleggsmelding/id2908251/
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Å Towards 2050, DNV expect oil production on the NCS to decrease as several oil fields are approaching 

end-of-life. Increased global competition in a shrinking market will see oil prices fall, and few new 

discoveries are expected to be developed [1]. Moreover, in ñTilleggsmelding til Meld. St. 36 (2020-

2021)ò from the Norwegian government, it was specified that all new development plans shall include a 

stress test against financial climate risk towards scenarios for the oil and gas prices that align with the 

1.5-degree target [2], which could impact the appetite for new developments.

Å In last yearsô Energy Transition Norway (ETN), DNV expected natural gas production on the NCS to 

slightly increase in the coming decade, before declining by 2030. However, as more than 95 percent of 

Norwayôs natural gas is exported to the European market, what happens in the European Union will 

have a large impact on the sales of natural gas from the NCS. 

Oil and gas production on the NCSWorld primary fossil fuel supply by source

Source: DNV ETO (2021)

Source: DNV ETN (2021)

https://www.regjeringen.no/no/aktuelt/pm-tilleggsmelding/id2908251/
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European demand for natural gas could be 
significantly reduced long-term

Å The Ukrainian war has shed a new light on energy security. The EU has, through 

REPower EU, determined to rid itself of Russian gas through a combination of energy 

savings, increased renewables, and import of gas from diverse sources ïsuch as 

Norway.

Å According to new estimates from the European Commission, the EU would be able to 

replace all Russian gas (around 155 billion m3) by 2027. However, the estimates also 

show the beginning of phasing out non-Russian gas before 2030, based on proposed 

measures from the ñFit for 55ò package and REPower EU, as well as higher-than-

expected gas prices which will lead to increased use of nuclear and coal-fired power 

plants. Summing up, as seen in the figure, this means that almost two thirds of the 

EUôs gas consumption can be replaced in 2030 [1].

Å Although the REPower EU measures highlight scope for continued natural gas 

exports from Norway to Europe in the short-term, the accelerated phase-out of 

natural gas can pose a risk with Norway being the second-largest supplier of natural 

gas to Europe. However, it should be noted that LNG, which will cover a large 

percentage of the non-Russian gas imports to Europe towards 2030, both has higher 

emissions and energy losses than piped natural gas from Norway. As an example, 

estimates from KonKraft show that upstream and midstream emissions from LNG 

produced in the US and imported to Europe are around 8 times higher than piped 

natural gas from Norway [2]. With further reductions in GHG emissions through 

decarbonisation measures discussed in this report, the competitiveness of piped gas 

from Norway can be strengthened and thereby become the preferred source of 

natural gas supply towards EUôs pathway to net zero. 
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EU gas consumption

2021

Fit for 55 Higher gas prices REPower EU EU gas consumption

2030

[1] Energi og klima, 25.05.22, https://energiogklima.no/nyhet/brussel/eu-notat-dramatisk-kutt-i-eus-

gassbehov-etter-2030/

[2] KonKraft, Status update (2022)

How EU plans to reduce its natural gas demand towards 2030

Source: Energi og klima (22.05.22), based on released note from the European Commission

https://energiogklima.no/nyhet/brussel/eu-notat-dramatisk-kutt-i-eus-gassbehov-etter-2030/
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With current sanctioned and mature measures, emission levels 
are set to be down by 33 percent in 2030, from 2005 levels

29

Historical and forecasted emissions on the NCS and onshore facilities

[million tonnes CO2eq/yr]
Å Implementing a combination of measures that target the largest 

emission sources on the NCS is key to reduce emissions in accordance 

with targets. The KonKraft status reports give a yearly overview of the 

status towards reaching the GHG emission targets in 2030 based on 

measures with varying degree of maturity reported by the operators. In 

the newest update, an emission reduction potential of 50 percent in 

2030 compared to 2005 is shown to be achievable. 

Å However, only 33 percent of the reduction potential is expected to come 

from measures that are currently sanctioned or mature (nearing 

investment decision). A large portion ïaround 17 percent - is expected 

to come from measures in the screening phase, which are described as 

highly uncertain. As such, in order to reach the 50 percent reduction 

target in 2030, more effort is needed in maturing concepts and scaling 

up their implementation. 

Å Moreover, as the projection illustrates, a large majority of emission 

reductions leading up to 2030 must occur already from this year, with an 

accelerating impact envisioned post-2025. Any delays or cancellations 

will postpone the decarbonisation

Å Finally, having a suite of measures that take the potential reductions 

beyond 50 percent is also essential in order to offset the risk that certain 

measures are not implemented. As such, a key objective of this study is 

to supplement additional decarbonization measures for the NCS in order 

to support decarbonization towards 2030 and beyond. 0
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Tackling large emitters is a must for delivering on 
looming 2030 climate targets 

30
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Size of bubbles represent estimated 

remaining emissions in 2030**

Å The graph below show that out of 50+ registered fields and onshore facilities, 

the eight largest emitters* represented over 50 percent of the total emissions 

in 2020. Even with sanctioned measures, the emission levels in 2030 are still 

high and for two of the largest emitters, no mature measures exist. Without 

significant emission reductions on the largest emitters, the climate 

targets will be extremely difficult to achieve.

Å Looking at the map, it is evident that power from shore is by far the most 

common measure for reducing emissions and that these installations are 

located closer to shore (with the exception of Utsira-høyden, Valhall and 

Martin Linge).

Å There are several hot spots with high emissions where the installations are 

located further from shore (above 200 km). Electrification through power from 

shore on these installations is more complex.

Maps and graph by DNV
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*Mongstad refinery is not included in the data due to ongoing discussions on decommissioning. 

**Data on measures and associated emission reduction potential in 2030 is based on publicly available information and 

outspoken targets from the operators. As such, some measures might not be captured in this overview. Moreover, smaller 

energy efficiency measures have not been included. Historical emissions data (2020) from Miljødirektoratet.

Forecasted yearly emissions per field in 2030** with sanctioned and mature measures

Compared to 2020 emission levels. 

[thousand tonne CO2eq/yr]

*Fields marked with ó*ô represent fields with uncertainty of continued operation past 2030
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Gas turbines account for around 83% of total scope 1 
emissions

Å The chart to the right outlines the total scope 1 emissions from the NCS (including 

onshore activities) in 2019, categorised into activities and emission sources.

Å Activity: In 2019, around 78 percent of total scope 1 emissions occurred from 

platforms on producing fields, while 17 percent occurred during onshore 

activities. 

Å Emission sources: Fuel combustion in gas turbines is by far the largest 

source of emissions, with 83 percent of total scope 1 emissions coming from 

these turbines in 2019 (68 percent from platforms and 15 percent from onshore 

facilities). 

Å As such, the main focus area when reducing scope 1 emissions on the NCS (and 

onshore facilities) should be to reduce emissions from the gas turbines. This can 

be done through several measures, including (1) reducing the energy demand, (2) 

reducing the gas turbine combustion emissions, and (3) replacing the gas turbines 

with electrical power.

Å Reducing emissions by reducing fuel consumption of natural gas will also free up 

gas for export to Europe. Alongside creating additional revenue from gas sales, 

the gas can be used more efficiently. KonKraft has estimated that emissions from 

gas turbines on the NCS are in average 70 percent higher per kWh produced than 

an average gas-fired power plant in the EU. Compared to use in buildings and 

other sectors, the emissions from gas turbines on the NCS are twice as high [1]. 

This shows the importance of comparing different solutions for global emission 

reductions in a system perspective.
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Scope 1 emissions from the NCS in 2019, by emission source and activity

[% of total Mt CO2-eq emitted]

Source: SSB, figure inspired by Rystad Energy (2019)

[1] KonKraft, Status update (2022)
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Å On typical oil fields, water injection is the most energy intensive operations.

Å Gas compression for transport is the second largest energy intensive operation, and together with water injection 

this accounts for around 75 percent of gas turbine emissions from oil fields [1]. If measures can be taken to reduce 

energy demand from these operations or replace the turbines, this could lead to large emission reductions.

Å The emissions from gas turbines vary depending on the energy efficiency and load (e.g. the strategy of having back-

up turbines running on low load leads to reduced efficiency and increased emissions)

The turbine related power consumption varies 
depending on field and load type

53%

25%

12%

9%

Power (in-direct)

Compression

Injection

Export compression

50%

25%

20%

5%

Gas compression

Injection (water)

Utility

Export pump

Å More than 50% of the normal turbine load is related to power generation used for utility and compression. These 

power generator turbines are not directly driving any other equipment than the generator and can be more easily 

replaced with electric power. This is known as part-electrification.

Å Larger equipment, like compressors for gas export or pumps for injection of water, are sometimes directly driven by 

mechanical power. The turbines driving the equipment is commonly referred to as direct drive or mechanical drive 

gas turbines. Replacing these turbines requires more extensive modifications on existing platforms, resulting in 

more downtime and higher costs.

Å Processing gas also requires some heat, which can be generated from waste heat from the gas turbines. A full 

electrification would require installing electrical heaters [1].G
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[1] Rystad Energy, Technologies to improve NCS competitiveness (2019)
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Efforts need to be made in reducing harder to abate 
emissions in order to reach targets

Å The figure to the right shows the normal turbine load per installation based on turbine 

data from NPD. The turbines are categorised by whether or not they are used to 

directly drive load, as well as the amount of waste heat recovered from the turbines 

used on the installation. Note that not all installations were represented in the 

database.

Å When considering measures for replacing gas turbines, such as electrification, focus 

should first be on replacing the non-direct driven load. This is due to the fact that 

replacing turbines used to drive load requires more extensive modifications on 

existing installations.

Å According to the data by NPD, the turbines running non-direct driven load amounts 

to around 48 percent of the total normal turbine load. If scaling this percentage to the 

total emissions from gas turbines on the NCS and onshore facilities in 2020, around 

5.2 million tonnes of CO2  could potentially be reduced. Compared to total emissions, 

this constitutes a 40 percent reduction potential*. 

Å As such, in order to reach the 50 percent emission reduction targets in 2030, efforts 

also need to be made in reducing harder to abate emissions, i.e. from the 

turbines driving load. However, this comes with more costly modifications and (in 

some cases significant) downtime with resulting loss in revenue.
0
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Source: Data received from NPD on turbines installed on the NCS and onshore facilities
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*Note that this is a very simplified estimation and that the exact reduction potential is highly case 

dependent.33
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Key takeaways 

34

Norwegian gas demand stronger for longer: It is uncertain to what extent oil 

and gas demand will fall leading up to 2050. From a Norwegian perspective, 

European demand for natural gas is set to be more robust in the near-term, 

given EU aims to rid itself of Russian gas by 2027. Piped Norwegian gas will be 

cheaper for the EU than imported LNG, helping to ensure a European market 

for Norwegian natural gas. 

Pace of EU gas demand contraction still a key question-mark: On the other 

hand, EU aims to significantly cut gas demand could also eat into Norwegian 

exports over time, and according to the European commission, the combination 

of high gas prices and FiT-for-55 and RePower EU measures (such as energy 

efficiency and rollout of alternative forms of energy) could lead to a gas demand 

contraction by 2027 beyond that of Russian gas imports. This poses a risk to 

Norwegian gas exports.  

More measures needed: KonKraft estimates that an NCS emission reduction 

of 33 percent is likely by 2030, compared to 2005 levels. This includes 

sanctioned measures, as well as measures that are relatively mature. Through 

adding measures currently in the concept/screening phase ïa 51 percent GHG 

reduction is projected. As it is unlikely that all immature measures will be 

implemented, developing additional prospective measures is essential to 

delivering a 50 percent reduction by 2030.    

GHG reduction measures must focus on gas turbines and big emitters: 

With gas turbines making up around 83 percent of scope 1 emissions on the 

NCS and onshore facilities, and eight O&G installations making up over 50 

percent of total NCS emissions, it is clear that measures must target emission 

stemming from gas turbines and largest emitters to deliver on targets. This can 

be done through several measures, including (1) reducing the energy demand, 

(2) reducing the gas turbine combustion emissions, and (3) replacing the gas 

turbines with electrical power.
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3. Prioritising measures to reach 
GHG emission reduction targets

35
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Outline of chapter 

36

Identifying and prioritising measures: Implementing the most impactful decarbonisation measures to 

reduce scope 1 emissions from the NCS will be key to enable the Norwegian oil and gas industry to 

meet its target of reducing GHG by 50 percent by 2030 compared to 2005 levels. This chapter outlines 

the process undertaken in this study to identify potential measures to enable scope 1 emission 

reductions, as well as the rationale informing the prioritisation of certain measures. The chapter is 

structured as follows: 

1. Overview of prioritisation process: A top-level overview of the process undertaken to identify 

and short-list measures is provided. Notably, a long-list of measures was identified by DNV experts 

and discussed in detail through workshops with the OG21 technical groups. This culminated in a 

short-list of the measures with the highest anticipated decarbonisation impact. 

2. Detailed comparison of measures: As a component of the prioritisation process, the long-list of 

measures were compared across several factors, specifically GHG reduction potential, maturity, 

application scope and scaling potential, development and implementation obstacles and industry 

opportunities and synergies. This section of the chapter will outline how the prioritised measures 

were scored across these factors. The overview for non-prioritised measures can be found in 

Appendix C.

3. Prioritised measures: Finally, this chapter will outline the background and detailed scope for three 

grouped measures deemed to have the highest potential for reducing emissions from the NCS ï

these are: 

Å Electrification: This section will tackle the electrification debate in Norway, and look at the 

scope for power from shore through a coordinated approach, power from shore through an 

individual approach as well as local supply from offshore wind. 

Å Gas-fired power hubs with CCS: This section will look into the scope for gas-fired power hubs 

with carbon capture and storage, and how such a solution could help bolster NCS electrification 

and the Norwegian CCS value chain. 

Å Energy efficiency through water management: This section will dive into the scope for 

reducing energy demand through more energy efficient water management strategies, e.g. 

reduced water production by improved reservoir understanding, well conformance and downhole 

water separation and re-injection.

Image source: iStock
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3.1 

GHG reduction measure 

prioritisation overview

37

Image source: SDG
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Overview of prioritisation process and results  
From long-list to short-list of measures for reducing scope 1 emissions for NCS

38

Based on input from OG21, DNV identified a long list of measures for 

reducing scope 1 emissions on the NCS and for onshore facilities.

The long list of measures were discussed in five separate half-day 

workshops with each Technology Group (TG) in OG21, as well as in a 

joint whole-day workshop comprising all TGs, and assessed on a high 

level based on a set of screening criteria using a ñhigh, medium, lowò 

scoring methodology (see page 41-43). Other measures that where 

discussed but not chosen can be found in Appendix C.

On the basis of the input from the workshops with TGôs, as well as a 

scoring assessment by DNV, the measures listed in the long-list were 

narrowed down to a short-list of measures. These measures have 

received the main focus of this study, as the ones with the biggest 

potential to help accelerate decarbonisation on the NCS. 

Long-list of decarbonisation measures Short-listed measures to be prioritised

Energy efficiency through reservoir management: Water 

management 

Energy efficiency through reservoir management: Artificial 

intelligence 

Energy efficiency through reservoir management: COИ-EOR

Optimized gas turbines: Waste heat recovery 

Geothermal energy to reduce electrical power demand offshore

Electrification: Power from shore (coordinated approach) 

Electrification: Power from shore (individual approach)

Electrification: Local supply from offshore wind 

Gas-fired power hub with CCS

Energy efficiency through reservoir management: Water 

management 

From long-list to short-list 

Overview of measure assessment approach 

Å Technology comparison: Assessing the scope of various 

technologies to support the NCS in meeting near- and long-term GHG 

emission reduction targets has been a key part of the project. This 

assessment has been undertaken through an iterative process 

whereby DNV experts have evaluated the various technologies 

across a set of screening criteria presented in the tables in the 

following pages, with opinions having been informed and qualified 

through input provided by OG21 experts in technology assessment 

workshops with all five OG21 Technology Groups (TGs). 

Å Scoring methodology: Technologies have accordingly been scored 

by applying a ñhighò, ñmediumò or ñlowò traffic light methodology 

across the set of criteria listed (see next page) ïwhere high is the 

most positive and low is the most negative. The aim behind this 

methodology is to take a holistic view on the overarching potential of 

each technology, as well as to specifically identify and visualise 

potential barriers and opportunities. 

Å Shortlist: On the basis of this scoring, the long-list of technologies 

was shortened to constitute some technologies that qualified for a 

deeper-dive in the second stage of the project (chapter 4). It is 

important to note that although some technologies are not part 

of the short-listed measures in this report, this does not mean 

that DNV does not see a potential for scaling these technologies 

offshore.   

Prioritisation process 

Increasing the energy efficiency*

Compact topside CCS

Hydrogen and hydrogen-derived fuels for power production

Optimized gas turbines: Utilisation

Electrification: Power from shore (coordinated approach) 

Electrification: Power from shore (individual approach)

Electrification: Local supply from offshore wind 

Gas-fired power hub with CCS

Reducing emissions from the gas turbines

Replacing gas turbines through electrification

*Energy efficiency measures are often low-hanging fruits in terms of reducing emissions, as they can be well-known and easier to implement within a 

relatively short time horizon compared to other large-scale emission reduction measures. Several energy efficiency measures exist, and we have 

highlighted a few important ones here. However, more measures exist and the operators are continuously working on assessing and implementing these. 

In this report, it is assumed that the operators will investigate other opportunities on an individual basis (see also Appendix C).



DNV © 30 SEPTEMBER 2022

Rationale for prioritised measures

Prioritised decarbonisation measure Reasoning

Electrification: Coordinated or individual 

electrification from onshore grid, and local 

supply from offshore wind

Å Electrification from the onshore power grid and through local supply from offshore wind are seen as two of the most mature and ñlow-hangingò fruits towards 2030, 

with a high potential for emission reduction.

Å Local supply through offshore wind could help develop a Norwegian offshore wind industry, with the possibility of combining with other emerging technologies for 

increased security of supply and reduced emissions, such as batteries and hydrogen for energy storage.

Å A coordinated build-out can provide benefits in terms of optimization and cost reductions.

Å In the longer term, a 30 GW target of offshore wind in Norway (2040) plus 150 GW from NL/BE/DK/DE (2050, 60 GW in 2030) will likely result in a massive offshore 

grid in the North Sea and Norwegian Sea that offshore O&G platforms could connect to. Moreover, this could facilitate a connection of local offshore wind power by 

the platforms to the main grid, providing electricity during surplus hours.

Gas-fired power hub with CCS Å Onshore: Decarbonising onshore gas power plants, with offshore CO2 storage is a good measure to decarbonise large point emitters and contribute with increasing 

power capacity onshore to enable electrification of the NCS.

Å Offshore: Offshore power hubs with offshore CCS could be costly compared to onshore gas power with CCS, however could enable electrification of assets that are 

too far from shore for electrification from shore.

Energy efficiency: Water management Å As seen on slide 31, water injection is one of the most energy intensive operations. Reducing the energy consumption for water injection is therefore seen as one of 

the key measures for reducing CO2 emissions.

Å The most efficient way of reducing energy consumption for water injection is in avoiding water in-flow entirely, which needs to be done during planning of reservoir 

depletion strategies. As such, highest potential for new fields although technologies exist to limit energy use for water management also in mature fields. However, it 

is important to note that assessing the potential of water management is difficult as it is extremely case dependent.

39

Based on a screening and comparison of measures, the table below lists the measures that were selected for an in-depth 

assessment due to their relatively high potential to drive GHG emission reductions  on the NCS before 2030. The three 

decarbonisation measures are discussed in detail in this chapter.
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Rationale for not prioritising measures 

Non-prioritised decarbonisation measure Reasoning

Hydrogen and hydrogen-derived fuels for 

power production (gas turbines)

Hydrogen for power production through gas turbines has a low maturity and challenges related to safety, costs and available infrastructure in the short term towards 

2030. However, hydrogen and its derivatives could have a substantial potential in the longer term, especially for providing f lexibility to offshore wind production or as part 

of a larger offshore grid system. Being part of scaling the hydrogen economy could lead to important opportunities for the O&G industry. As such, DNV believes this 

should be investigated further, but due to its limited potential for power production through gas turbines in the shorter term, hydrogen is not included for reducing scope 1 

emissions in Phase 2 of this project. It is however part of the potential for reducing scope 3 emissions, see following chapter.

Compact top-side CCS Significant technical limitations (weight and space) and would therefore likely be applicable only to a few brownfield FPSOs. As such, this is not seen as an important 

measure on the NCS as of now. However, there might be interesting cases internationally and the compact technology investigated might prove valuable to facilitate 

developments within carbon capture technologies. 

Optimized gas turbines: Waste heat recovery 

and optimizing utilization

Waste heat recovery: WHRU is implemented on many installations already. Combined cycle and STIG requires a large footprint and adds weight, mainly relevant for 

greenfield. Heat vs power demand needs to be considered.

Optimizing utilization: Requires major rebuild with limited emission reduction potential. For batteries, if they can be placed subsea it could be an attractive solution.

Energy efficiency: CO2-EOR Limited opportunities, limited access to infrastructure, substantial costs, limited emission reduction potential.

Energy efficiency: Artificial intelligence Limited direct emission reduction potential.

Geothermal energy High costs and limited potential for geothermal energy to reduce emissions through electrification offshore.

40

The table below lists the measures that were screened out for various reasons, including costs, maturity, scaling potential 

and timeline, and application volume. These measures are not discussed further in this chapter, but are covered in 

Appendix C. It is important to note that although these measures are not part of the same in-depth assessments as was 

given the measures listed on the previous page, they can still have a high potential offshore ïeither for reducing 

emissions that are hard-to-abate through other measures, or in the longer term.
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3.2 

GHG reduction 

measures: Detailed 

comparison

41
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Introduction to assessment approach
Screening criteria informing measure prioritisation 

The scope 1 emission reduction potential is assessed on a high level based on:

ÅThe targeted emission sources (e.g. gas turbines) and related emissions

ÅThe technical reduction potential, i.e. the amount of emissions that can theoretically be reduced by replacing the targeted 
emission sources with the chosen measure

ÅThe application and scaling potential, i.e. the realistic percentage of targeted emission sources that could be replaced by the 
chosen measure, given the assessed scaling potential.

GHG reduction potential

The maturity is assessed based on the Technical Readiness Level (TRL) of the measure, in the short term (2022-2030) and long 
term (2030-2050). DNV has used the API-scale on TRLôs (TRL 1-7).Maturity

ÅThe application scope looks at for what applications the chosen measure is relevant on the NCS and onshore facilities.

ÅThe scaling potential assesses the timeline for when we expect sufficient scaling and maturity of the chosen measure.
Application scope and scaling 

potential

Here we list the main development and implementation obstacles, including but not limited to cost levels, footprint (weight and 
volume), major risks or safety concerns, infrastructure challenges, and political and societal trends.

Development and implementation 
obstacles

In this screening criteria, we assess the industry opportunities for Norway for the chosen measure as well as possible synergies.
Industry opportunities and 

synergies

42 Image source: Adobe Stock
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Electrification ïComparison of measures

43

Decarbonisation 

measure for Scope 1 

emissions

Application scope Screening criteria Additional comments

Maturity

High: TRL 6-7

Medium: TRL 4-6

Low: TRL <4

Scale-up timeline

High: Before 2030

Medium: 2030 ï2035

Low: After 2035

Main development and 

implementation 

obstacles

High: Limited obstacles

Medium: Obstacles that 

are solvable in the short 

term

Low: Substantial 

obstacles not solvable in 

the short term

Industry opportunities

High: Clear and 

important opportunities

Medium: Possibly 

important opportunities, 

but less clear

Low: Little opportunities

Realistic GHG 

emission reduction 

potential (total NCS)

High: >55%

Medium: 30-55%

Low: <30%

Synergies with Scope 3

High: Clear scope 3 

synergies

Medium: Limited scope 3 

synergies

Low: No scope 3 

synergies

Electrification: 

Coordinated from 

onshore power grid

Replacing gas turbines 

(partial or full 

electrification)

Already existing (Johan 

Sverdrup phase II)

Dependent on onshore 

capacity

High costs (shut-down) 

for brownfield, in 

particular for replacing 

direct drives. 

Social acceptance, 

onshore capacity

Opportunities for 

Norwegian Yards  

(AkerSol, Aibel), cable 

OEM (Nexans), OEMs 

like NKT, Hitachi/ABB 

have strong Nordic 

presence. 

Brownfield limitations 

(space, weight, Hz). 

Depends on partial or full 

electrification

Synergies by 

increasing 

competence, value 

chain and industry 

development.

Enables cost 

optimization.

Electrification: 

Coordinated from 

offshore power grid

Replacing gas turbines 

(partial or full 

electrification)

Existing technology, new 

application

Requires significant 

regulatory developments 

and coordination

Regulations unclear, 

coordination between 

countries

Opportunities for 

Norwegian Yards ( 

AkerSol, Aibel), cable 

OEM (Nexans), OEMs 

like NKT, Hitachi/ABB 

have strong Nordic 

presence. 

Brownfield limitations 

(space, weight, Hz). 

Depends on partial or full 

electrification

Synergies by 

increasing 

competence, value 

chain and industry 

development.

Can be supplied from 

various power sources, 

high potential but in 

longer term

Electrification: Individual 

from onshore power grid

Replacing gas turbines 

(partial or full 

electrification)

Already existing Dependent on onshore 

capacity

High costs (shut-down) 

for brownfield, in 

particular for replacing 

direct drives. 

Social acceptance, 

onshore capacity

Opportunities for 

Norwegian Yards  

(AkerSol, Aibel), cable 

OEM (Nexans), OEMs 

like NKT, Hitachi/ABB 

have strong Nordic 

presence. 

Brownfield limitations 

(space, weight, Hz). 

Depends on partial or full 

electrification

Synergies by 

increasing 

competence, value 

chain and industry 

development.

Limited potential for 

optimization.

Electrification: Local 

supply from offshore 

wind

Replacing gas turbines 

(partial electrification)

Under development, 

Hywind Tampen to be 

connected in Q3 2022

For shared license areas 

some clarifications could 

be needed

Supply chain 

developments

Norway taking lead in 

global floating wind 

developments

Depends on back-up 

solution

Synergies by 

increasing 

competence, value 

chain and industry 

development.

Offshore wind high 

synergy with scope 3 if 

used to produce 

renewable H2 and NH3

High Medium Low
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Gas-fired power hubs with CCS ïComparison of measures

44

Decarbonisation 

measure for Scope 1 

emissions

Application scope Screening criteria Additional comments

Maturity 

High: TRL 6-7

Medium: TRL 4-6

Low: TRL <4

Scale-up timeline

High: Before 2030

Medium: 2030 ï2035

Low: After 2035

Main development and 

implementation 

obstacles

High: Limited obstacles

Medium: Obstacles that 

are solvable in the short 

term

Low: Substantial 

obstacles not solvable in 

the short term

Industry opportunities

High: Clear and 

important opportunities

Medium: Possibly 

important opportunities, 

but less clear

Low: Little opportunities

Realistic GHG 

emission reduction 

potential (total NCS)

High: >55%

Medium: 30-55%

Low: <30%

Synergies with Scope 3

High: Clear scope 3 

synergies

Medium: Limited scope 3 

synergies

Low: No scope 3 

synergies

Gas-fired power hubs 

with CCS (offshore)

Replacing gas turbines 

(partial or full 

electrification) where 

direct electrification is 

difficult

Existing technology but 

not applied offshore

Needs offshore testing, 

complex value chain

Cost of power hub, 

development of value 

chain, maintenance, 

access to storage

Norway taking lead in 

CCS value chains, 

benefiting from Northern 

Lights

Assumes used on fields 

not reachable from shore 

due to high costs

Reducing category 11 

emissions (assuming gas 

comes from companies 

on NCS). 

Can be part of hub for 

coordinated 

electrification, increasing 

scope 2 emissions 

compared to 

electrification from 

onshore grid

Gas-fired power hubs 

with CCS (onshore)

Replacing gas turbines 

(partial or full 

electrification)

Existing technology Needs value chain 

development, possible 

before 2030 if attached 

to Northern Lights 

Political and societal 

acceptance, 

development of value 

chain, access to storage

Norway taking lead in 

CCS value chains, 

benefiting from Northern 

Lights

Brownfield limitations 

(space, weight, Hz). 

Depends on partial or full 

electrification.

Reducing category 11 

emissions (assuming gas 

comes from companies 

on NCS)

Can be part of individual 

and/or coordinated 

electrification, increasing 

scope 2 emissions 

compared to 

electrification from 

onshore grid

High Medium Low
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Decarbonisation 

measure for Scope 1 

emissions

Application scope Screening criteria Additional comments

Maturity 

High: TRL 6-7

Medium: TRL 4-6

Low: TRL <4

Scale-up timeline

High: Before 2030

Medium: 2030 ï2035

Low: After 2035

Main development and 

implementation obstacles

High: Limited obstacles

Medium: Obstacles that are 

solvable in the short term

Low: Substantial obstacles 

not solvable in the short term

Industry opportunities

High: Clear and important 

opportunities

Medium: Possibly 

important opportunities, but 

less clear

Low: Little opportunities

Realistic GHG 

emission reduction 

potential (total NCS)

High: >55%

Medium: 30-55%

Low: <30%

Synergies with Scope 

3

High: Clear scope 3 

synergies

Medium: Limited scope 

3 synergies

Low: No scope 3 

synergies

Water management for 

stable displacement (w/o 

chemicals)

Reducing power 

consumption from 

injection

Technology 

available, high 

cost

Mature technology 

already applied today

High costs Existing technology, 

improvement opportunities

Only applicable for oil 

fields. Dependent on 

case by case and 

technology choice.

No synergies Water injection is a 

mature technology, 

improvement through AI 

and well technology

Water management for 

stable displacement (w/ 

chemicals)

Reducing power 

consumption from 

injection

Applied onshore, more 

obstacles to be solved for 

offshore usage

Chemicals environmental 

risk, high costs

Possibility of leading R&D 

and implementation 

globally

Only applicable for oil 

fields. Dependent on 

case by case and 

technology choice.

No synergies

Water management for 

high water cut

Reducing power 

consumption from 

injection. Reducing 

weight of fluid column 

and need for gas 

compression gaslift

Mature technology. Cost 

benefit considerations

Well technology 

opportunities

Only applicable for oil 

fields. High potential for 

end-of-life brownfield.

No synergies Downhole water 

management, well 

technologies

High Medium Low
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Image source: SDG
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Electrification debate sets key parameters for oil and 
gas decarbonisation options 
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Å Electrification is key: Electrification of oil and gas platforms through power from 

shore is considered a key measure to achieving the emissions reduction targets in 

2030. In fact, as outlined by KonKraftôs2022 report, a large majority of electrification 

measures sanctioned or in planning centres on power from shore to date (see 3.4).

Å Anticipated undersupply: However, due to a slower build-out of new power capacity 

compared to the expected increase in power demand, Statnett expects the historical 

power surplus to be reduced and reach a low-point already in 2026 ïwith only 3 TWh

of power surplus. Moreover, the grid is already constrained in several areas, and large 

investments will be needed in the onshore grid capacity to enable supplying offshore 

platforms from shore.

Å Heated political debate: As such, there is a heated political debate on how to 

allocate dwindling power supplies. Grid constraints, historically high power prices and 

anticipated continued domestic bidding zone price combined with a challenging 

geopolitical landscape has further complicated the electrification discussion. These 

factors all play a key role in influencing perspectives on how the power grid should be 

developed and whether the NCS should be electrified from shore ïor by other means.  

Å More details about the electrification debate and power market in Norway can be 

found in appendix B.
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Individual design approach: Each field is supplied 

through a radial connection to shore. Note that this 

concept could also include local supply connected 

directly to the platform (see ñlocal supply 

approachò).

Coordinated design approach: Numerous fields are 
supplied via a common offshore energy hub with power 
from shore. Note that the hub could also include a local 
supply option (see ñlocal supply approachò). 
Connection to an offshore meshed grid could also be a 
coordinated design approach for the future.

Local supply approach: Each field is supplied from a dedicated 
electricity generation source (offshore wind, geothermal or other 
fueled power plants, etc). A local supply approach does not require 
a connection to shore (or hubs) and can thus be an independent 
alternative. However, both the coordinated and individual design 
approach can be combined with a local supply option.

Overview of (some) electrification options

There are several measures for electrification of offshore energy consumption, which can be combined in numerous ways. When it comes to network design, there 

are some fundamentally different options to supply the relevant offshore energy consumption: individually, coordinated, or through local supply. A coordinated and 

individual approach represent mutually exclusive alternatives while the local supply approach can be combined with both. In this chapter, we try to highlight some 

generic features of the different design approaches. 

48

Important note: Several of the other decarbonisation measures studied in this report are in some way a form of electrification: gas-fired power plants offshore with CCS supplying power to nearby 
platforms (with or without connection to shore), geothermal power plants for electrification, etc. However, when looking at electrification options specifically in this report, we are talking about either 
power-from-shore concepts through an individual or coordinated design approach, or dedicated local supply from offshore wind. The other electrification options are covered separately. 
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Power-from-shore 
Overview of options 
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Various options for electrification with power from shore are promising solutions with the highest GHG reduction potential, high technology maturity level and 

abundant synergy with the booming offshore wind industry. The preferred network design solution depends on several factors, such as distance from shore and 

available weight and space on the platform. Although the individual approach is the most common today and least complex design, a coordinated approach has 

several key benefits and the potential to facilitate a gradual build-out of a meshed offshore grid in the future. 

Short description

Below, we provide a short description of the two main network design approaches for power from shore solutions. Both designs rely on (i) the 

capacity of the interconnector cable from the platform (or hub) to shore and (ii) the hosting capacity of the point of interconnection to the onshore 

grid.

Individual: Each platform is connected to the onshore grid via a dedicated radial connection, tailored to each platform. Most of the existing power-

from-shore projects are examples of this approach. The connections to shore will be a choice between AC and DC, dependent on the distance to 

shore and power need (see fact box).

To electrify óeverythingô along the coast, one would need a large number of such radial connections to shore. The resulting network design will 

simply be several radial connections, in some regions connected to the same point onshore.

The individual approach offers simplicity in design and requires less coordination but can result in an overall sub-optimal network design and higher 

costs to ensure reliability of supply. If a DC connection to shore is needed, a separate hub for DC equipment or subsea equipment might be needed 

due to weight and space limitations on the platforms.

Coordinated: Multiple platforms are connected to one offshore hub (shared substation) before being further connected to the onshore grid through 

a radial connection. Johan Sverdrup (phase 2) is one example of this type of solution. The platforms could potentially be connected to other offshore 

hubs, energy islands, large wind farms, etc. The connections to shore will typically be DC while the local offshore connectors will be AC or DC 

depending on distance or power. 

To electrify óeverythingô along the coast, one would need connections to shore and/or to other energy hubs. The resulting network design will have 

some similarities with the meshed onshore network. Eventually, the network design can involve into a meshed offshore network and integrate with 

the offshore grid in the North Sea for offshore wind integration.

This design balances a minimized cable landfall footprint with the potential risks of limited redundancy and associated impacts to reliability. Although 

a more complex design requiring a high degree of coordination between stakeholders, significant economics of scale and a more optimal network 

design overall can be achieved. 

AC or DC connection?

HVAC technology is normally used when the distance to 

shore is less than 200 km.

+ Mature technology

+ Lower footprint on platform for associated equipment

- Higher losses, especially for long distances

- Power rating limited by cable rating (< 200 MW per 

project)

- Normally requires complicated reactive 

compensation onshore (SVC or STATCOM in 

addition to shunt reactors)

- Needs frequency converters to supply 60 Hz 

platforms

HVDC is largely used for distances over 200 km.

+ Lower losses

+ Distance and power rating not limited

+ Providing support to onshore AC grids

+ Supplying 50 Hz or 60 Hz platform equally well

- Technology still under development

- Large footprint on platform for associated equipment 

(HVDC converters)
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Application scope and scaling potential

Application scope

Å Electricity (from shore, offshore wind or power hub) can 

replace 100 percent of the electricity generated by gas 

turbine generators. 

Å Some platforms use the recovered waste heat from gas 

turbine to provide the necessary heating for offshore 

process, this part should be covered by additional 

electrical boiler or heat pump if the gas turbine 

generators are to be replaced.

Å Gas turbines are used in some projects to directly drive 

the large motors or pumps through mechanic coupling, 

replacing those gas turbines is possible but expensive 

and complicated.

Scaling potential and timeline

Short term (2022-2030): Both individual and coordinated 

electrification have been implemented in NCS, the power 

ratings can be as high as 200 MW and capable of power 

several platforms in the vicinities, the distance to shore can 

be up to 160 km (AC) and 200-300 km (HVDC) 

Long term (2030-2050): When connecting with the meshed 

offshore grid in North Sea with abundant offshore wind, the 

power rating per individual link can reach 1200 MW or 2000 

MW, the reachable range of such solution can potentially 

cover the whole NCS.

Maturity

Technology Readiness Level (TRL)

Short term (2022 ï2030): 

TRL 7 for individual design approach 

and related equipment. TRL 6/7 for 

coordinated built-out when supplied 

from onshore grid.

Long term (2030 ï2050):

Large scale meshed offshore grid in 

North Sea is expected to reach TRL 7.

Accelerating developments

1. Sector-coupling synergy with 

offshore wind

2. Dynamic cables and turret/high 

voltage slip ring for the connection 

of floating platforms

3. Subsea equipment and long-

distance HVAC

4. Multivendor inter-operability of 

HVDC systems 

Illustration: Shutterstock/Vismar UK
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GHG reduction potential

Target emission sources

Electrification can replace gas-fired turbines, both for 

power production (part electrification) as well as 

turbines for compression and injection (full 

electrification). Gas-fired turbines account for around 83 

percent of total scope 1 emissions. 

Technical reduction potential

Electrification can theoretically reduce scope 1 

emission from gas turbines by 100 percent, although 

resulting in a small increase in scope 2 emissions.

Realistic reduction potential

As seen on page 31, a partial electrification could 

potentially reduce scope 1 emissions by 40 percent 

from todays levels. A full electrification would further 

reduce emissions. The realistic potential is, however, 

largely dependent on each case, considering available 

space for converters, distance from shore, downtime 

needed for retrofitting, and more. 

Main challenges and opportunities

Development and implementation obstacles

Å Weight and space limitation for DC equipment for installations far from shore 

Å Frequency regime (50 or 60Hz) and the need for frequency converters

Å Electrifying direct-driven turbines and heat demand (full electrification) more challenging and costly than partial electrification, increasing complexity 

of reducing remaining emissions through electrification.

Å Dynamic cables for voltages over 66 kV AC for connecting floating assets may need to be specially qualified. DC dynamic cables not mature 

technology.

Å Downtime on brownfields during retrofitting, and loss of revenue. Especially for full electrification, the downtime can be significant.

Å Availability of onshore capacity and high power prices.

Å Supply chain risk (limited qualified suppliers for HVDC converters and submarine power cables).

Individual vs. coordinated:

Å Individual: Requires large number of radial connections to shore, resulting in a sub-optimal network design. Significantly higher (investment) costs, 

higher costs to ensure N-1* supply, more regulatory processes related to connections to shore, larger scope for conflicting interests (environmental, 

use of areas, local on-shore network issues). Key benefit is lower complexity in decision making.

Å Coordinated: Requires significant coordination of stakeholders and represent complex decision-making procedures. Key benefits are significant 

economics of scale (investment and regulatory processes), potential for higher security of supply at lower costs, potential for fewer conflicting 

interests.

Industry opportunities and synergies

Å The coordinated approach has the alternative to be connected to offshore power hubs, energy islands and/or large offshore wind farms, providing 

significant industrial opportunities for Norway and synergies with offshore wind developments in the North Sea as well as emerging industries such 

as hydrogen production (in combination with offshore wind, providing flexibility and storage). Combining a coordinated approach with offshore wind 

and connection to shore can ensure power supplied to shore during surplus hours which could help relieve the pressure on the onshore grid.

Å The resulting network design could gradually build into a meshed offshore grid and connect to the planned North Sea offshore grid in the long-term.

* N-1 implies that the system service (delivery to customer) will not be impacted with the loss of any individual component. 
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Offshore wind is at an applicable level of maturity and can be used to reduce the use of gas-fired turbines on the NCS. Norway has excellent offshore wind 

resources compared to onshore, however most water depths are above 60 meters which calls for floating wind as the main solution. Developing offshore wind to 

serve the NCS could reduce the need for new power onshore with limited effect on power prices and could potentially serve the onshore grid in the future.

Short description

Local supply design: Dedicated local power supply to each field (or several fields). A local supply 

solution does not require a connection to shore or other hubs and can thus be an independent alternative. 

This would reduce the need for new power onshore. However, both the coordinated design and individual 

design with power-from-shore can be combined with local supply ïboth to ensure security of supply (N-1) 

for the platforms as well as provide power to shore during hours of surplus energy generation.

The local supply design is potentially attractive if there is significant distance to shore or other energy 

hubs. The complexity and decision-making process depend on each case.

Here we focus on local supply from offshore wind. However, the power generation can come from other 

sources such as gas-fired power hubs, geothermal power plants, etc. These options are covered 

separately.

Offshore wind: Offshore wind can be either bottom fixed or floating, however the water depth on the NCS 

suggests floating solutions are largely required. Offshore wind is a more secure source of wind energy 

than onshore, however, there will be variation of production due to shifting wind speed. Power from wind 

energy must therefore be implemented in combination with storage and/or other power sources.

Bottom fixed wind is fully commercial with over 28 GW by 2021 installed in Europe (see figure) but still 

more expensive than other energy sources. Floating wind is approaching large scale and commerciality, 

with only a few years before we will see the large multi unit-projects (>20 units). Innovation and 

developments are still needed in order to reduce costs.

Offshore wind in Europe (2021)

All figures on the map are in MW 

Illustration: Wind Europe, Offshore wind energy 2021 statistics
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Application scope and scaling potential

Application scope

Offshore wind can replace or reduce the 

use of gas turbines for electrical purposes 

as well as for water injection.

Scaling potential and timeline

Short term (2022-2030): 

Within 2030 the scaling will mainly be 

limited by the oil and gas industryôs ability 

to attract the wind supply chain, due to fact 

that each individual project is much smaller 

than what the supply chain sees for utility 

scale wind parks. Bottom fixed is fully 

commercialized and will be a challenging 

market for the oil and gas industry as each 

location will require a unique design. Rapid 

development of floating wind will likely 

require a standardized and coordinated 

effort to attract attention from the supply 

chain.

Long term (2030-2050):

In the long term both bottom fixed and 

floating wind will be fully cost competitive 

solutions. The scalability will mainly be 

limited by distance from shore and conflict 

of interest for the most feasible nearshore 

areas.  

Maturity

Technology Readiness Level (TRL)

Short term (2022 ï2030): 

Bottom-fixed wind is a fully proven and commercial 

applicable with a TRL level of 7. 

For floating wind the spar and semisubmersible 

floating concepts are currently at a TRL 6, and will 

within the short term of 2030 be at the highest TRL 

level. Other floater concepts such as barge and TLP 

has a lower TRL of 5 and 3 respectively, but is also 

expected to be at a high TRL level within short term. 

New application area requires learning and 

developments of the full system integration. In WIN 

WIN the complete water injection by offshore wind 

system was given a TRL 4 [1].

Long term (2030 ï2050):

Floating wind is expected to be commercialized within 

the long term perspective of 2030-2050 with the 

highest TRL level.

Accelerating developments

Technical developments of dynamic cables and power 

integration with the platforms or a park. 

[1] DNV, WIN WIN Joint Industry Project: Wind-Powered water injection, May 2019

Illustration: DNV WIN WIN Joint Industry Project
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GHG reduction potential

Target emission sources

Offshore wind solutions can reduce the use of, or be a part of 

a replacement of, the gas-fired turbines for power production 

at the NCS.

Technical reduction potential

With a sufficient storage solution, it is technically possible to 

reduce the emissions from the gas turbines by 100 percent 

with offshore wind, however, offshore wind alone cannot 

replace the gas turbine due to the variable power supply.

Realistic reduction potential

The realistic reduction of GHG depends on the site and the 

capacity of offshore wind and the infrastructure on the 

platform. Equinor reports that with Hywind Tampen with a 

capacity of 88 MW is estimated to reduce 35 percent of the 

annual electricity power demand of the five Snorre A and B, 

and Gullfaks A, B and C platforms, and offsetting 200,000 

tonnes of CO2 emissions and 1,000 tonnes of NOx emissions 

per year [2].

Main challenges and opportunities

Development and implementation obstacles

Å Security of supply: The biggest issue with regards to offshore wind is the variable/intermittent power delivery. Offshore wind is namely 

dependent on the inconsistent source of wind. To secure a steady energy source it is dependent on either storage solutions or another power 

supply, either locally on the platform or through connection to the onshore power grid.

Å Floating solutions: As water depths mostly exceed 60 meters, floating solutions are required on the NCS. The offshore wind floater 

technology is ready, however, some technological gaps on dynamic cables, power integration, and floating offshore substations are yet to be 

closed. 

Å Clarity in regulations and requirements: In Norway, the 30 GW target on offshore wind installations by 2040 shows commitment to industry, 

although it is still not clear how the target will be reached and what regulations and requirements will come. Moreover, clarity is needed for 

cross-over licence areas between O&G and offshore wind, especially for taxation rules and how a future connection to shore would impact this. 

Å High costs: One of the other main challenges is the cost. The solutions are availalbe, however, the cost of especially floating wind is not yet 

competitive in the power market. DNV predicts that the LCOE of floating offshore wind (globally) will be right below 60 USD/MWh in 2030 and 

around 43 USD/MWh in 2050. Bottom-fixed offshore wind is estimated at 41 USD/MWh in 2030 and 31 USD/MWh in 2050 [3]. The reduction in 

costs is expected to be driven by investments in large-scale projects.

Industry opportunities and synergies

Å Europe has a bold offshore wind target of 60GW by 2030 and 300 GW by 2050 [4]. Development and upskilling of the Norwegian industry and 

supply chain for floating offshore wind will be highly valuable in the European market but the knowledge is fully transferable worldwide. The 

global market for floating wind is estimated at ~2500 bn NOK (2025-2050) [5].

Å Utilizing existing O&G licenses for offshore wind farms could help accelerate the implementation of offshore wind on the NCS while waiting for 

dedicated offshore wind licenses.

Å At the end of the lifetime of the platform the offshore wind can be scaled up and/or connected to a nearby offshore hub or energy island, to the 

power grid onshore, or with an export cable selling power to Europe to support their energy needs and decarbonisation goals. For floating wind 

there is also a focus on movable units, making the production flexible and directly able to sell or reuse the floater at another location when the 

O&G asset is decommissioned.

Å The offshore wind units can also be used for production of alternative fuels such as hydrogen or as an offshore charging station. 

[1] Norsk petroleum, https://www.norskpetroleum.no/miljo-og-teknologi/utslipp-til-luft/ (August 2021)

[2] Equinor, https://www.equinor.com/energy/hywind-tampen (August 2019)

[3] DNV, Energy Transition Outlook (2021)

[4] offshoreWIND.biz, https://www.offshorewind.biz/2022/02/16/eu-streamlining-path-to-300-gw-by-2050-offshore-wind-target/ (February 2022)

[5] Rystad Energy, Flytende havvind for å dekarbonisere norsk sokkel: Hva skal til? (2020)

https://www.norskpetroleum.no/miljo-og-teknologi/utslipp-til-luft/
https://www.equinor.com/energy/hywind-tampen
https://www.offshorewind.biz/2022/02/16/eu-streamlining-path-to-300-gw-by-2050-offshore-wind-target/
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Electrification
Realistic reduction potential and key advantages

Power from shore: Electrification trough power from shore is the measure with 

the highest potential for GHG emission reductions towards 2030, with a total 

estimated potential of 4.5 million tonnes CO2e emission reduction per year in 

2030[1]. This amounts to around 35 percent of todayôs emissions. However, a 

large portion of this potential comes from projects that are currently immature and 

categorised as highly uncertain. These are for example related to installations that 

are more difficult to electrify through power from shore, either due to longer 

distances, floating assets (FPSOs) or limited available weight and space topside. 

In order to be able to electrify these assets through power from shore measures, 

several obstacles need to be mitigated. 

Å According to a report by Rystad Energy, almost 50 percent of the total 

produced volume on the NCS (from 2020 to 2050) will be from FPSOs and 

installations with distances above 160 km from shore. In total, this amounts 

to around 45 percent of the total GHG emissions in the same time period 

[2].

Power from offshore wind: Electrification through local supply from offshore 

wind is estimated to have a potential of 0.4 million tonnes of CO2e emission 

reductions per year in 2030 based on reported projects from the operators [1]. 

This is mainly from the Hywind Tampen project as well as some projects in earlier 

phases of development. However, the potential can be much higher, However, 

the potential can be much higher, especially in areas where electrification from 

shore is challenging. Offshore wind can also be combined with power from shore 

and be an intermediate solution until a cable from shore is in place.

Å Offshore wind combined with power from shore is especially attractive for 

existing electrification projects where a large part of the investments are 

already made. reduce OPEX from power purchases, limit total power losses 

through the transmission cables, while also give rise to fast-track medium-

sized wind farms that could be important steppingstones to cost-efficient large-

scale wind farms in the early 2030ôs. 
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Expected potential of electrification measures

[million tonnes CO2eq/yr abated in 2030]
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Power from shore Power from offshore wind

Sanctioned measures

Concept

Mature but not

sanctioned measures

Screening

Key advantages and opportunities

Å Electrification increases the energy efficiency, resulting in less energy use overall. Moreover, the 

operational costs can be reduced due to lower cost of CO2 tax and fuel. Electrification of offshore assets 

will also have the indirect benefit of reduced noise and thereby improved working environment offshore.

Å The released natural gas can be exported to Europe and used in onshore gas power plants with higher 

efficiencies. This will both increase export revenues for Norway while at the same time helping Europe to 

become independent of Russian gas.

Å A combination of building out an offshore grid with power form shore and offshore wind farms to supply 

installations on the NCS has several industrial opportunities: developing and upskilling floating 

offshore wind industry and supply chain in Norway; when connected, ensuring security of supply to the 

installations and power supply to the onshore grid during surplus hours; facilitate a future meshed 

offshore grid that can connect to the planned North Sea offshore grid long-term; facilitate an offshore 

industry long-term when O&G assets are decommissioned (i.e. hydrogen production from offshore wind). 

Around one third of the 

total potential is related 

to immature and highly 

uncertain projects

[1] KonKraft, Status report (2022)

[2] Rystad Energy, Flytende havvind for å dekarbonisere norsk sokkel: Hva skal til? (2020)

Source: KonKraft (2022)
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Å Weight and space limitations for DC equipment: Depending 

on distance from shore, DC transformation might be needed. 

Around 21 percent of the energy demand on the NCS comes 

from platforms located more than 200 km from shore[1]. As this 

requires AC/DC conversion equipment located near or on the 

platform, this poses a challenge for electrification of brownfield 

assets with limited space and weight available. This also limits 

possibilities for future tie-ins of other fields.

Å Electrification of ship-shaped FPSOs not matured: Due to 

the lack of HVDC turret, electrification of ship-shaped FPSOs 

tends to be complicated and expensive. Around 13 percent of 

energy demand on the NCS come from FPSOs [1].

Å Full electrification of brownfield assets is challenging: 

Electrifying direct-driven equipment and heating demand 

requires extensive retrofitting, greatly increasing the cost of 

electrification with associated loss of revenue due to downtime.

Weight and space limitations for DC equipment

Å Long-distance HVAC: The achievable distance by HVAC is approaching 160 km, however this often implies expensive onshore 

equipment, higher power losses and increased operation complexity. Industry consensus suggests longer distances need major 

technology break-through.

Å Compact DC equipment: By the deployment of DC GIS (recently deployed by Siemens in Dolwin 6 project).

Å Subsea equipment: Development of large subsea transformers helps to reduce the DC footprint on the platforms. A medium-sized unit 

(around 20 MVA) has been qualified by DNV.

Å Coordinated build-out: For platforms located near one another but far from shore, a coordinated approach with a dedicated platform 

hosting the required DC equipment and supplying the platforms with AC voltage could be a viable solution. This is already verified with 

the Johan Sverdrup concept. The platform could be a new build or re-use of a decommissioned platform. In the longer term at the end of 

production life, the platforms could be re-used for new offshore industries supplied by the DC platform (which in turn could be connected

to a meshed offshore grid to ensure security of supply and relieve the onshore grid). Note that this will require cooperation and 

coordination between operators and license partners.

Electrification of ship-shaped FPSOs: Currently industry relies on a separate DC platform and AC turret to electrify a ship-shaped FPSO 

located far from shore, developing and qualifying DC turret will be necessary for the cost-effective electrification of such a FPSO. 

Alternatively, if the FPSO is located near other O&G platform or FPSOs, a coordinated build-out would be preferrable and DC turret will not 

be required in such case. Such challenges can be avoided with circular FPSOs.

Full electrification

Å Compact electrical heaters: Using modern heat pumps, the size and efficiency of heat generation on the installation can be improved.

Å Higher cost of alternative: The main obstacle to a full electrification is the associated downtime and loss in revenue, which could be 

substantial. As such, the alternative (doing nothing) needs to come at a greater cost. This could, for example, be in the form of higher 

CO2 taxes or punitive measures if emission reduction targets are not met in time.

Main development and implementation obstacles Possible mitigations and how to accelerate development

Cancellations or delays of planned electrification projects will make it difficult to reach the 2030 targets. As there are several obstacles related to electrification ïboth 

through power from shore as well as from offshore wind ïit is important to focus on how to mitigate them. Below, we list some of the main identified obstacles for 

power from shore projects, with possible mitigations in order to accelerate development and implementation. Note that cost aspects are covered separately.

[1] Rystad Energy, Technologies to improve NCS competitiveness (2019)
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Å Access to sufficient power from shore: With todayôs 

sanctioned and planned electrification measures, the power 

demand for the petroleum sector is expected to double to 

around 18-20 TWh in 2030 [1] and the power surplus is 

decreasing. To ensure competitive prices in the Norwegian 

power market, the production capacity needs to be increased. 

Moreover, uncertainty in policy support could delay investments.

Å Long lead times and supply chain constraints: Currently 

limited qualified suppliers for HVDC converters and submarine 

power cables. Moreover, long lead times could be an issue. 

Although the lead times varies depending on the case, Statnett 

currently experience lead times of 4-6 years for increasing 

transformer capacity, 5-10 years for a new substation or 7-12 

years for a new power line [2].

Å Coordinated vs. individual build-out: An individual build-out 

(several radial connections) will likely result in a sub-optimal 

network design and require more resources and higher overall 

costs. On the other hand, the solution is more mature. For the 

coordinated approach it can be difficult to find the appropriate 

cooperation structures among operators and license partners as 

remaining lifespan and needs differ between installations.

Access to sufficient power from shore

Å Speeding up decision-making processes: The current slow speed of building out the grid and developing new power plants is a major 

obstacle. To ensure sufficient speed, license and application processes should be reviewed and the capacity of proceedings should be 

strengthened. 

Å Go-to-zones: The EU has proposed to establish ñgo-to-zonesò for new solar and wind plants where the processing time should 

range from six months (for smaller power plants) to a maximum of one year (for larger power plants). Outside the ñgo-to-zonesò, 

the license application needs to be processed within two years with strict requirements on maximum development speed should 

the license be approved. As part of the EEA, Norway might be covered by this fast track permitting plan. 

Å Predictable and long-term policies: Predictable and long-term policy support for electrification of O&G assets through power from shore 

measures is essential in reducing the uncertainty of developing long-term and complex electrification projects.

Å National electrification strategy: KonKraft recommends creating an overall national electrification strategy with associated grid 

development plans and clear prioritisations to ensure sufficient support for power from shore measures [1].

Long lead times and supply chain constraints

Å Speeding up lead time of grid investments: See point above on speeding up decision-making processes.

Å Standardising equipment: By standardising the power and voltage rating of key components, the electrification can benefit from the large 

supply chain build-up triggered by the offshore wind industry.

Å Innovative tendering/contracting strategies (e.g., partnership with key OEMs) could help mitigate supply chain constraints.

Coordinated vs. individual build-out

Å Installations far from shore should aim for coordinated build-out: Where DC supply is required, the platforms located in the same areas 

should aim for a coordinated build-out to reduce costs (see previous page). 

Å Dialogue and cooperation is key: A coordinated build-out can lay the foundation for a future meshed offshore grid that increases

redundancy an may help reduce onshore regional bottlenecks. Need to ensure good dialogue and cooperation between operators and 

license partners.

Main development and implementation obstacles Possible mitigations and how to accelerate development

Electrification
Power from shore: Major obstacles and possible mitigations (2/2)

[1] KonKraft, Status report (2022)

[2] Statnett, How to get increased capacity: For grid operators

https://www.statnett.no/en/for-stakeholders-in-the-power-industry/the-grid-connection-process/how-to-get-increased-capacity-for-grid-operators/
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Å Security of supply: The biggest issue with local supply from 

offshore wind is the variable power delivery. To ensure security of 

supply, a back-up solution - either from fossil-fuelled turbines, 

storage solutions or power from shore - is required.

Å Dynamic export cables: Dynamic inter-array cables are 

commercially available and needed between the units and to the 

substation. However, the dynamic export cable is required from 

the floating substations and to shore/endpoint, and there is not 

any high voltage dynamic cables available yet.

Å Framework conditions, supporting mechanisms and 

regulations need to be in place: Current framework conditions 

and supporting mechanisms are likely not sufficient in ensuring 

Norway can meet its goal of 30 GW offshore wind. Moreover, 

permitting processes and regulations are still unclear and under 

development. 

Å Supply chain constraints: The wind industry will be competing 

against O&G industry for vessels and port capacity. Another 

challenge is to get competitive prices on manufacturing and T&I 

for small scale projects. With projects being developed 

simultaneously the delivery of all components - floater, turbine, 

mooring and cable - and the access of competent workers, 

vessels and ports, may be challenges in some areas. 

Security of supply: To ensure sustainable back-up solutions, work should be done on integrating e.g. battery or hydrogen storage, or a 

combination. Currently, there are no commercial or demonstration projects combining floating wind and back-up solutions known to DNV. 

Continued R&D and demonstration work in this area is needed.

Dynamic cables: There are a few examples of dynamic AC cables for voltages >66 kV AC being installed, however with limited operational 

experience. To DNVs knowledge, dynamic DC cables (relevant for distances above around 110 km) are not qualified or in use in any 

projects. Continued R&D and technology qualification work in this area is needed.

Floating offshore substation: Might not be necessary for O&G platforms due to few units and short distances and could consider bottom 

fixed substation.

Framework conditions, supporting mechanisms and regulations need to be in place 

Å Sufficient framework and supporting mechanisms: In order to close the price gap for floating offshore wind and ensure sufficient scaling 

and speed in developments, frameworks and supporting mechanism need to be established. Examples could be contracts for 

difference, as seen in the UK.

Å Clarity in regulations are needed: Robust regulations for offshore wind development and clarity in basis for competition need to be in 

place to support strong deployment and provide long-term investment signals. Clarity is also needed for cross-over license areas

between O&G and offshore wind, and how future connection to shore would impact this. Utilizing existing O&G licenses for offshore 

wind farms could help accelerate the implementation of offshore wind on the NCS while waiting for dedicated offshore wind licenses

Å Speeding up decision-making processes to increase build-out: The current slow speed of developing new offshore wind is a major 

obstacle. To ensure sufficient speed, license and application processes should be reviewed, the capacity of proceedings should be 

strengthened, and new license areas should be opened. EU is considering establishing go-to-zones that could increase the speed (see 

previous page).

Å Although the target of 30 GW offshore wind is a step in the right direction, it is still not clear how the target will be reached. 

Developing a national roadmap with supporting framework could provide clarity and help acceleration.

Supply chain constraints: Develop local supply chains and coordinate developments across regions and industries. Predictability is a key 

factor to remove the risk of investment in the supply chain for the industry, as seen in the point above on ñFramework conditionsò.

Below we list some of the main identified obstacles for electrification through local supply from offshore wind, with possible mitigations in order to accelerate 

development and implementation. Note that cost aspects are covered separately.

Main development and implementation obstacles Possible mitigations and how to accelerate development

Electrification
Offshore wind: Major obstacles and possible mitigations
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Å CAPEX: The major CAPEX elements related to offshore HVDC supply from shore is shown in the top figure, given as cost 

breakdowns on the different components. The main cost items for the offshore supply is split around equally between the offshore

platform, the submarine cable and the offshore converter. However, the cost split can vary depending on the given case, 

especially if submarine equipment is needed. Note that the onshore cost also represent a high share of the CAPEX, and can be 

greater if investments in grid capacity onshore is needed.

Å When looking at awarded contracts for offshore HVDC transmission projects in Germany and the UK, the CAPEX varies 

between 0.9 and 1.3 MUSD/MW. The costs are for project sizes in the range of 900 ï1200 MW and 130 ï170 km distance. 

Note that this is for offshore wind projects and does not include cost of retrofitting O&G assets. For smaller-sized projects, the 

relative CAPEX will increase due to less economy of scale.

Å The major cost elements are related to manufacturing, transport and installation, and R&D cost as well as project 

management. Moreover, as HVDC offshore supply is still an emerging market, there is a high profit margin and risk premium 

on the projects. The main cost drivers are labour and engineering, raw material such as metal, semiconductors, etc., and the 

energy cost for fuel and electricity.

Å The total costs for offshore HVDC transmission are expected to reduce over time. The bottom graph includes the cost 

reduction potential towards 2050. As can be seen from the figure the greatest cost reduction potential is related to the direct 

current circuit breaker (DCCB), voltage source converter (VSC) onshore and offshore, and the platform itself where the 

reduction potentials are in the range of 15-25 percent in 2030 (30-40 percent in 2050). 

Å OPEX: On a high level, the OPEX (excluding power price) for offshore HVDC transmission is estimated to lie in the range of 2-3 

percent of CAPEX per year. Over the lifetime, this amounts to around 20-30 percent of the total CAPEX. In addition, the power 

price will add to the OPEX for the O&G asset.

Å Abatement costs: The abatement costs vary greatly between projects, depending on, amongst others, downtime needed for 

retrofitting, available space and weight on the installations, distance to shore, and whether there is a need for investment in grid 

capacity onshore. The «Kraft fra land» report from 2020 calculated the abatement cost of several sanctioned and mature

electrifiaction projects on the NCS, showing a range from 600 to 2000 NOK/tonne CO2. For the more immature and complex

projects, abatement costs up to 8000 NOK/tonne CO2 could be seen [1]. 

Å Equinor estimated the electrification of Johan Castberg with HVDC from shore to have abatement cost between 3900-4600 

NOK/tonne CO2 (real 2016). This included a separate DC to AC converter facility and significant upgrades to the onshore grid,

showcasing how available capacity in the onshore grid can pose a major cost challenge [2].
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Electrification
Power from shore: Main cost drivers and cost effects

Cost breakdown of CAPEX for HVDC projects

Cost reduction potential of HVDC equipment towards 2050

0 % 20 % 40 % 60 % 80 % 100 %

Onshore cost

HVDC offshore platform

HVDC submarine cable

HVDC offshore converter

HVAC submarine cable

[1] NPD, Kraft fra land (2020)

[2] Rystad Energy, Technologies to improve NCS competitiveness (2019)

Source: DNV estimates

Source: DNV, average cost breakdown of awarded contracts globally
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Å When floating wind matures, the cost reduction will be driven by larger turbines, optimization and innovations 

for floaters and mooring systems, standardization, supply chain development and reduced risk.

Å CAPEX is mainly driven by the floater, mooring and turbine cost. The turbines used for floating wind are typically 

the same turbines as used for bottom fixed with modifications in the control system and potentially strengthening 

of the tower. For the short term we foresee a significant cost difference due to the risk level in the floating 

industry and bottom fixed benefitting from economy of scale. Floating wind is a new industry with only two 

floating wind farms installed. This impacts the level of experience and available supply chain. There are also 

limited economy of scale effects with the current windfarm sizes (3-11 units). In addition, floating wind structures 

typically require more material than bottom fixed. While the steel mass for a structure used for a bottom fixed 

windfarm with 8 MW turbines could be typically around 1000 tones, a floating wind structure could require more 

than 2000 tones of steel for the same turbine. Further, more material is needed for anchors and mooring system. 

The structures themselves are in addition more complex to design and fabricate, especially compared with 

monopiles.

Å OPEX for floating wind is expected to be reduced by 87% (149 KEUR/MW to 19 KEUR/MW) in the next 30 

years. Today OPEX is ~5 times higher than bottom fixed, but the cost difference is expected to be reduced to 

~10% by 2035. OPEX for floating wind differs from bottom fixed mainly due to additional inspection and 

maintenance of the more complex foundation and station keeping system, but also major component 

replacement, which typically requires the floaters to be towed to shore. In the short term OPEX will be 

significantly higher driven by the small windfarm sizes and as well a risk premium for the novel industry. 

However, when the floating wind industry matures, it is assumed that OPEX for floating wind turbines will follow 

the same cost trajectory curve as for bottom fixed wind. A small cost mark-up is assumed due to the foundations 

requiring more inspection and maintenance and because floating wind farms are assumed to be further away 

from shore and in a harsher environment than bottom fixed wind.

Å The Levelized Cost Of Energy (LCOE) for floating wind is expected to be reduced by 80% in the next 30 years 

resulting in a global average of 35 EUR/MWh and total investment cost of 1.7MEUR/MW in 2050. While the 

LCOE for floating wind on average is 37% higher than bottom fixed in 2050, deployments will be needed to meet 

the global demand in offshore wind and bottom fixed cost is expected be very low at around 26 EUR/MWh.
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Norwegian technologies for the future
Odfjell Oceanwind

ÅOdfjell Oceanwind has launched a MOWU (Mobile Offshore Wind Unit) to 

support the O&G industry. The unit is designed for harsh environment and 

simple installation and removal to support the company's rental business 

philosophy .

ÅThe company offers a hybrid micro-grid solution, claiming to reduce CO2 

emission with up to 70% for comparable conventional power generated from 

fossil fuel. 

ÅOdfjell Oceanwind is a part of the Odfjell companies and can take advantage of 

the legacy and offshore experience from Odfjell Drilling and Odfjell Technology.
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Illustration: Odfjell Oceanwind

1. Electrifying O&G without power from shore

2. Reduce emissions from 2024

3. Kick-starting an export industry based on floating wind
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3.5 

Gas-fired power hubs 

with CCS: 

Background
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Gas-fired power hubs with CCS, serving the NCS 
Overview of options

64

Norway is leading the way in developing an infrastructure for carbon capture and storage (CCS), which could be utilised for reducing emissions on the NCS. A 

stand-alone gas-fired power hub with CCS has the potential of reducing emissions through electrification while at the same time not requiring capacity from the 

onshore power grid. The power hub could be located onshore or offshore, both with their own advantages and disadvantages. The focus here is the offshore 

solution. The GHG emission reduction potential is somewhat less than for direct electrification due to the capture rate of the carbon capture facility not reaching 

100 percent. 

Short description

[1] Roussanaly, S., et al, Offshore power generation with carbon capture and storage to decarbonise mainland electricity 

and offshore oil and gas installations: A techno-economic analysis, CEPONG project (2018)

Illustration: Clean Electricity Production from Offshore 

Natural Gas (CEPONG) concept

Offshore power hub Onshore power hub

Efficiency ÅSmaller units with lower efficiency

ÅLower transmission losses

ÅPossibility for larger turbines with higher efficiencies

ÅLonger distances with higher transmission losses

Cost ÅCloser to point of consumption, limiting cost and complexity 

of electrical infrastructure.

Å(Likely) closer to infrastructure for importing natural gas and 

exporting and storing CO2.

ÅLCOE from offshore hub with CCS has been estimated to 

be 70 percent higher compared to an onshore plant with 

CCS [1]. The exact number will depend on the distances, 

available infrastructure, fuel prices, etc.

ÅLower CAPEX and OPEX for the power plant and CC 

facility.

ÅHigher CAPEX and OPEX for electrical distribution grid 

(especially if HVDC is needed).

ÅThe modifications and downtime needed on the importing 

platform will most likely be larger.

ÅPotentially higher infrastructure cost of importing natural 

gas and exporting and storing CO2.

Maturity ÅMature technologies, but novel concept

ÅCCS not implemented for flue gases offshore to date, 

technology qualification might be needed.

ÅMature technologies

ÅCCS not implemented on gas-fired power stations to date, 

first plant planned to be in operation in 2025. 

Scalability ÅConcept can be duplicated and implemented in several 

locations, and size can be adapted depending on the power 

demand of the platforms

ÅWill most likely be a larger unit.

Location ÅPotentially easier to locate (ñout of sight, out of mindò)

ÅCan more easily be relocated for future use (floating).

ÅFinding new sites onshore is potentially difficult due to 

public opposition but could be located close to industrial 

sights with existing natural gas and CO2 infrastructure.

Onshore grid 

impact

ÅStand-alone solution and independent of onshore grid 

capacity.

ÅCan potentially be connected to shore to supply power to 

(and balance) the onshore grid

ÅCan supply power to (and balance) the onshore grid.

A gas-fired power plant with CCS provides electricity through running gas turbines while 

capturing and storing the CO2. The plant could be located both onshore or offshore, which 

will largely be a matter of cost optimization (see fact box). In this sub-chapter, the focus is 

on the offshore solution. 

Å No installations offshore currently exist. 

However, the equipment can be based 

on mature technologies (e.g., amine-

based solvents for CO2 capture).

Å The power plant could be based on a 

combined cycle configuration, including 

multiple gas turbines and steam 

turbines, utilizing the gas turbine 

exhaust waste heat in Heat Recovery 

Steam Generators [1]. 

Å The location of the power hub should 

be an optimization between closeness 

to the installations to be electrified and 

the CCS value chain ïboth in terms of 

cost and technical feasibility. 
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Gas-fired power hubs with CCS, serving the NCS
Views on scope and scaling 
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Application scope and scaling potential

Application scope

A power hub offshore should be assessed in 

relation to electrification from shore in terms 

of application, i.e. replacing gas turbines 

offshore directly by providing sufficient 

power through electricity. 

Scaling potential and timeline

Short term (2022-2030):

Å Development of a offshore power hub 

would require a timeline beyond 2030. 

Hence, the potential of CO2 reduction 

from this measure could not be expected 

on a short term.

Long term (2030-2050):

Å On a longer term the offshore power hub 

could have a huge potential, but location 

of such hubs and the following CO2 

reduction potential is difficult to assess. 

In a study by SINTEF [1] the concept of 

offshore power hubs with CCS is 

assessed to have a CO2 reduction 

potential of 90 percent (based on capture 

ratio for mature solvents). 

Maturity

Technology Readiness Level (TRL)

Short term (2022 ï2030):

Å Capture technology TRL 5 (applied 

onshore, but not offshore)

Å CO2 transport: Flexible pipelines TRL 5

Å CO2 transport by ship: offshore 

loading/offloading systems TRL 2-3

Long term (2030 ï2050):

Å Capture technology TRL 7 (dependent on 

technology development)

Å CO2 transport TRL 7 (dependent on 

technology development)

Accelerating developments

Å Develop accessible CO2 storage 

infrastructure ïincluding CO2 shipping or 

pipeline infrastructure

Å Explore models to connect with existing 

CO2 infrastructure and storage projects 

such as Northern Lights (NO) and/or others.

[1] Roussanaly, S., et al, Offshore power generation with carbon capture and storage to decarbonise mainland electricity 

and offshore oil and gas installations: A techno-economic analysis, CEPONG project (2018)

Illustrations: Northern Lights

Illustrative concept of the Northern Lights project
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Gas-fired power hubs with CCS, serving the NCS
Views on GHG emission reduction potential and major challenges and 
opportunities
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GHG emission reduction potential

Target emission sources

Replacing gas turbines on O&G platforms. In 2019, gas turbines offshore made up 68 

percent of total upstream and midstream CO2 emissions.

Technical reduction potential

Based on current technology one could assume a capture rate between 80-90 percent from 

the gas turbine exhaust gas (dependent on optimal configuration offshore), hence also 

representing the CO2 reduction potential from turbine emissions at a offshore gas power 

hub. One would also gain a higher electrical efficiency in such a hub-system compared to 

single turbines on platform that often is operated on part-load. To realise this potential a 

fully developed value chain for transport and storage of the CO2 is required. 

CCS is commercially proven and there are a number of successful CCS project such as 

Sleipner and Snøhvit (Norway) and Quest (Canada). CCS can be scaled depending on the 

volume of CO2 to be stored. CO2 can be stored in either saline aquifers or depleted fields.

Realistic reduction potential

The potential for CCS related to NCS is constrained by finding suitable subsurface storage 

complexes within economic transport distances of the offshore gas power hubs. 

Large scale CO2 storage de-risking is required to identify exact storage  sites. However, 

Norway has already conducted the first phase of regional storage screening of the NCS. 

The Norwegian CO2 storage Atlas has already high graded locations on the NCS and 

associated capacity estimates for the key areas. Detailed appraisal activities will further de-

risk these high graded areas. A combination of saline aquifers and depleted fields need to 

be screened, assessed and ranked versus transport distance from the offshore gas power 

hubs. According to the CO2 storage Atlas sufficient CO2 storage capacity exist on NCS to 

decarbonise gas power hubs offshore.

Main challenges and opportunities

Development and implementation obstacles

Å Finding a suitable storage site: The storage complex needs to prove containment, sufficient capacity, economic 

rate of injection and monitorability. 

Å Optimised location for power hub: Need to take into account optimised cost and technical feasibility of CO2

transport and storage in addition to electrification potential of installations (e.g. distance for electricity transport 

and installations possibility to be electrified)

Å Competitiveness of offshore gas power with CCS vs. other power hub concepts (wind, electrification from shore)

Å Spatial planning: The power hub could compete with other activities as wind farms, oil & gas activities etc.

Å Cost for CO2 capture technology and application of the technology in offshore conditions

Å CO2 spec and required polishing for transport and injection purposes (material integrity)

Å If ship transport: Offshore loading/offloading technology

Å Opportunities to benefit from the CCS value chain developed for other CCS projects (common storage site for 

other sources)

Å Opportunities for reuse of existing infrastructure

Industry opportunities and synergies

Å Additional CO2 source for Northern Lights phase 2 (5 MTPA) [2]

Å Continue opening up more storage locations for potential cross border CO2 storage. The Ministry of Petroleum 

and Energy has already opened up and assigned two additional license areas for CO2 storage on the NCS.

Å Further cement Norwayôs leading edge as a global leader in CCS activities and commercial CCS value chains, 

providing future revenue by handling third party CO2 emissions. Permanent storage of CO2 will be even more 

important as we move towards decarbonising hard-to-abate sectors as well as scope 3 emissions.

Å Develop the Norwegian CCS supply chain.

[1] Miljødirektoratet; Klimagassutslipp fra olje- og gassutvinning (miljodirektoratet.no)

[2] https://ccsnorway.com/app/uploads/sites/6/2020/07/Plan-for-long-term-use-of-the-Northern-Lights-infrastructure-1.pdf

https://miljostatus.miljodirektoratet.no/tema/klima/norske-utslipp-av-klimagasser/klimagassutslipp-fra-olje--og-gassutvinning/
https://ccsnorway.com/app/uploads/sites/6/2020/07/Plan-for-long-term-use-of-the-Northern-Lights-infrastructure-1.pdf
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Risk factor Deep saline aquifers Depleted fields

Containment

Å Well

Å Faults and seal

Å Typically fewer legacy wells ïprimary anthropogenic leakage path Å Typically higher density of legacy wells, as the field has been explored developed and produced

Å Faults and seals not geomechanically weakened through production, but 

depending on the distance from O&G fields, are untested

Å Due to depletion of HC, fields are geomechanically compromised  

Å Proven in the local area to hold HC                                                                                          

Capacity Å Regional capacity ranges typically higher

Å Larger uncertainty range on capacity estimates prior to appraisal actives, linked 

to limited data on reservoirs (store) properties

Å Typically offer smaller overall capacity, as the capacity is limited to the field size

Å Uncertainty on capacity range less, due to better reservoir (store) knowledge ïfields are data 

rich environments compared to saline aquifers

Injectivity Å Greater uncertainty due to lack of data, cannot be de-risked until appraisal well 

conduct injectivity / production test(s)

Å Production data gives you confidence on dynamic injectivity rates early on in CCS storage 

maturation phase

Å Depending on the amount of depletion, you may not be able to inject initially in a supercritical 

phase until the store is pressured to within the pressure envelope of supercritcal phase injection.  

Å Alternately add additional heating and compression at the well head to protect the near well bore 

environment - injected CO2 will still move freely, expand and cool rapidly (J-T cooling). These 

thermal effects can impact fracture pressure of the store without careful management.

Monitorability Å Geophysical monitoring techniques inside of outside the store and the storage 

complex are not hampered by the presence of residual HC

Å If residual HC remain, especially gas, they can inhibited geophysical (seismic) techniques aimed 

at visualizing plume migration with the confines of the structurally defined óôstoreô (injection 

reservoir) unit. However, it does not preclude the use of seismic outside for detecting CO2

leakage or migration outside the defined store or storage

Other

HSSE and appraisal 

costs

Å HSSE case simpler as no simultaneous operations occur if an aquifer is 

developed from a greenfield platform (only fluid on the platform is CO2).

Å Potentially higher de-risking costs ïlikely to require additional appraisal 

activities (wells, seismic, geo technical studies etc.) prior to FID.

Å Likely more complex HSSE case, if a brownfield platform is reused, a dual safety case is 

required for both CO2 and HC being present on the platform

Å Depending on the number of legacy wells and state of abandonment ïhigher abandonment cost 

could occur prior to 1st injection ïbut limited appraisal cost as fields are data rich and unlikely to 

need to prove economic rates of injection due to wealth of HC production data.

There are two main storage reservoir types for CO2 storage offshore: deep saline aquifers and depleted fields. Although the preferred choice is case specific, it is important to know about the main risk 

factors and differences.

Gas-fired power hubs with CCS
Main risk factors of offshore CO2 storage 
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Gas-fired power 

hubs with CCS: 

Perspectives on 

how to accelerate 

impact 
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Image source: DNV/DGS AS
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Offshore gas-fired power plants with CCS is currently not part of the reported measures from the operators, according to KonKraft. However, when looking at the 

map to the right, it is evident that there is a potential for reducing emissions on installations located close together and where a power hub solution could be a 

viable option compared to electrification with power from shore.

Å North Western area: Three FPSOs and two platforms located between 150-200 km from shore, i.e. HVDC might be needed if selecting power from shore 

(especially difficult for FPSOs). With a hub solution, all installations could be located around 30-50 km from the hub area and supplied with AC power. The total 

emissions from the five installations in 2020 was 2,1 million tonnes CO2e. 

Å Western area: Five platforms located between 150-200 km from shore, i.e. HVDC might be needed if selecting power from shore. For two of the platforms, 

local supply from offshore wind (Hywind Tampen) is in development, reducing emissions by around 35 percent. With a hub solution, all installations could be 

located around 20-30 km from the hub area and supplied with AC power. For the platforms with offshore wind supply, the hub could provide security of supply. 

The total emissions from the five installations in 2030 (including implemented or sanctioned emission reduction measures before 2030) was 2,2 million tonnes 

CO2e.

Å Southern area: Three platforms (not currently electrified through power from shore) located above 200 km from shore, i.e. HVDC would be needed if selecting 

power from shore. With a hub solution, all installations could be located around 20-30 km from the hub area and supplied with AC power. The total emissions 

from the three installations in 2020 was 0,9 million tonnes CO2e.

In total, a power hub located in these three areas could reduce emissions by 4.5 million tonnes CO2e per year in 2030* (around 35 percent total reduction from 

2020 levels), if all required infrastructure is in place. The following pages look at how to accelerate implementation by overcoming some of the major obstacles, as 

well as cost effects.
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Key advantages and opportunities

Å An offshore power hub is a stand-alone solution independent of power from shore. As such, it can help provide electrical power to installations in areas with limited 

onshore infrastructure or long distances to shore. Providing AC power to nearby platforms limits the retrofitting and associated downtime compared to HVDC supply 

from shore. In the long term, the power hub could be connected to shore to supply additional power and balancing capabilities to the onshore grid.

Å Electrification of nearby platforms as well as more efficient turbines running the power plant on the hub increases the energy efficiency, resulting in less energy (and 

fuel) use overall. The operational costs can be reduced due to lower cost of CO2 tax and fuel. Moreover, the released natural gas can be exported to Europe to 

increase export revenues for Norway while at the same time helping Europe to become independent of Russian gas..

Å A floating power hub solution could be re-located for future use, either to supply other O&G assets or new offshore industry (such as deep-sea mining or replacing 

the power plant with methane reformers to produce hydrogen with CCS). In the long term, the gas turbines could be run on low-carbon fuels or replaced with fuel 

cells if natural gas supply is diminished. 

Å The solution could help further develop the Norwegian CCS supply chain, cementing Norway as a global leader in CCS activities and commercial CCS value 

chains. This can help facilitate future revenue in handling third party CO2 emissions on the NCS.

Power from shore

Implemented or sanctioned 

measures

Local supply from 

offshore wind

None

Size of bubbles represent estimated 

remaining emissions in 2030

Gas-fired power hubs with CCS
Realistic reduction potential and key advantages

*Assuming full electrification and 87 percent of emissions from 

offshore installations coming from gas turbines (SSB, 2019)

Map: DNV
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Gas-fired power hubs with CCS
Major obstacles and possible mitigations
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Å Novel concept: An offshore power hub with CCS has not been built 

and CO2 capture has not been implemented for capturing CO2 from 

flue gases from a gas fired turbine offshore. The same statement is 

valid for carbon from gas fired power generation in general, but there 

are planned projects. 

Å Long lead time:  An offshore power hub requires a new floater and 

new infrastructure which takes time to develop. Blå Strøm has 

estimated the lead time to 3-4 years. 

Å Access to qualified storage site: It takes at least 5 years to develop 

a CO2 storage site (depleted field), it can be longer for an aquifer ïall 

depends on data availability. A commercial value chain for CCS is not 

yet fully in place.

Å Weight and space limitations: The platform importing power from 

the power hub will require retrofitting to receive and distribute the 

imported power. Might pose a problem for brownfield assets with 

limited space and weight available. 

Å Full electrification of brownfield assets is challenging: Electrifying 

direct-driven equipment and heating demand requires extensive 

retrofitting, greatly increasing the cost of electrification and potential 

loss of revenue due to downtime. 

Å Many stakeholders: A power hub requires many operators and 

stakeholders to agree on a solution and distribute cost and risk.

Novel concept: There are developed concepts for offshore power hubs with carbon capture, including concepts by Blå Strøm, Aker 

Solutions and Sintef. The first gas power plants with CCS estimated to be in operation in 2025 (Global CCS Institute, 2021). Flue gas 

gases from gas fired turbines has fewer impurities compared to other flue gas streams, reducing the need for pre-treatment. At the same 

time, the CO2 concentration is lower requiring bigger equipment due to smaller driving force. Use qualified equipment as far as possible 

in order to reduce risk and uncertainty.

Long lead time: Long lead time means that studies to evaluate potential locations need to be started as soon as possible to be able to 

contribute to the 2030 goals. Reuse of existing platform/floater can lower the lead time.

Access to qualified storage site: In order to ensure sufficient storage is available, suitable storage sites could be developed in parallel 

and more license for CO2 storage could be allocated. 

Å KonKraft suggest establishing concrete targets for how much CO2 should be stored on the NCS to ensure CCS becomes a 

commercial industry. Moreover, they encourage Norwegian authorities to help in simplifying regulations related to transport and 

storage of CO2, as these are currently comprehensive and complex.

Full electrification of brownfield assets is challenging: Aker Carbon Capture has suggested that if the power hub is located next to 

an installation the flue gases from direct drive gas turbines can be captured on the power hub as well. This option will only be available 

for one of the installations importing power from the power hub.

Many stakeholders: Early dialogue and cooperation is key and assigning a pilot area to test the concept can be started immediately. 

For the Blå Strøm offshore power hub concept, they can act as an external party facilitating collaboration across license owners, and the 

interface between Blå Strøm and the operator(s) can be tailored to each case which helps bring down risk and complexity.

Å KonKraft suggest adapting the public support system to facilitate maturing of solutions that ensure sufficient scale, learning effects

and cost reductions for CO2 transport and storage.

Main development and implementation obstacles Possible mitigations and how to to accelerate development

As there are several obstacles related to offshore power hub projects it is important to focus on how to mitigate them. Below, we list some of the main identified 

obstacles for offshore power hub projects, with possible mitigations in order to accelerate development and implementation. Note that cost aspects are covered 

separately.
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Å For an offshore power hub with CCS, the CAPEX occurs on three levels: the power hub, the required 

interfaces, and the modifications (retrofitting) on the importing platform. The OPEX is mainly driven by the cost 

of fuel for running the gas turbines.

Å The Blå Strøm consortium have done a case study on delivering 200 MWe to nearby platforms from their 

floating power-hub concept. The power hub is a floating Sevan hull with a combined cycle power plant, a 

carbon capture (CC) plant including CO2 treatment as well as the necessary electrical distribution grid. In 

addition, the case study includes the subsea electrical distribution grid for power supply to the platforms, the 

CO2 export flowline and fuel gas import flowline, as well as necessary reservoir qualification and drilling. The 

resulting CAPEX and OPEX per MWe and LCOE* are shown in the figures to the right. The Blå Strøm 

concept is described in more detail on page 70.

Å The CC plant is by far the main cost driver for the CAPEX of the power hub. The CC plant uses mature technology with amine 

absorbers. These absorbers are around 28-32 meters tall and located in the hull. Ongoing developments with smaller and more 

modular systems as well as other capture technologies could lower the costs in the future. 

Å The fuel price is the main cost driver for the OPEX. Depending on the development of the gas prices, the OPEX might increase 

drastically. However, considering the combined cycle power plant is more efficient then running traditional gas turbines on the 

platforms, the fuel savings can result in net lower OPEX for the operator. Moreover, the reduced cost of CO2 tax will further contribute 

to net lower OPEX.

Å Note that the cost of modification on the importing platforms has not been included as this is extremely case dependent. However, 

this will likely be the same as for electrification from shore with AC cables.

Å Aker Solutions have developed concepts together with international oil companies for offshore floaters with 

gas-fired power plants and CO2 capture based on well-known LM 9000 gas turbines with an ISO rating of 75 

MW. An example is a ship-shaped power barge with VLCC (Very Large Crude Carrier) hull size, which can 

accommodate a power generation system consisting of 8 x LM9000 gas turbines with corresponding post 

combustion capture systems and CO2 re-injection. This system will provide a net power export capacity of 500 

to 550 MWe depending on the gas composition and corresponding requirement for treatment. The CAPEX of 

such a facility is estimated to be in the order of magnitude of 20 to 25 billion NOK (37 ï50 MNOK/MWe) which 

is in line with the estimates from Blå Strøm. Aker Solutions also has technologies for subsea power hubs with 

direct CO2 injection which is described in more detail on page 71.
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Gas-fired power hubs with CCS
Main cost drivers and cost effects
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of electrical distr. grid was high 

due to the need for subsea 

cables and transformers. For 

simpler cases, the costs can be 

reduced.
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Å Fuel price: 2.4 NOK/Sm3

Levelized cost of energy (LCOE)

[NOK/kWh]

0 0.5 1 1.5

CAPEX

OPEX (other)

OPEX (fuel gas)

*Based on calculations by Blå Strøm with a CAPEX depreciation of 10 years. 
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Norwegian technologies for the future
Blå strøm

Short description

Blå Strøm is a consortium of companies

in the Norwegian supplier industry, delivering a 

floating gas-fired power unit with CCS. The unit 

can be scaled to produce 100-500 MW electricity

with a capture rate of approx. 90 percent. 

For a given case, a 200 MWe unit produces 

gross 230 MWe (13 percent of produced power to run 

the unit and CC facility), uses 1 MSm3/d natural 

gas and captures 0,72 MtCO2/yr.

Advantages

Å Reduces emissions from offshore oil and gas operations. A 300 MW unit is 

estimated to save around 1,3 million tonnes CO2 per year compared to running 

gas turbines on the platforms.

Å Short lead time (3-4 years) with ability to reach the 2030 emission targets.

Å Stable source of energy (compared to e.g. offshore wind).

Å Independent of power-from-shore and releases gas for exports to Europe due 

to increased efficiency (both from electrification as well as running more 

efficient combined cycle turbines).

Å Possibility of placing electrical equipment (frequency converters, transformers) 

on the floater, simplifying brownfield modifications.

Å Blå Strøm can be an external party facilitating collaboration across license 

owners, and the interface between Blå Strøm and the operator(s) can be 

tailored to each case (e.g. Blå Strøm could own and operate the unit to deliver 

energy per kWh).

Å The unit could connect to offshore wind and/or provide power to shore.
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Maturity

Technology Readiness Level (TRL)

Å Relies on mature and available technology for the floater (Sevan 

hull), electrical equipment, and a combined cycle power plant.

Å Carbon capture using amine-technology as base case but 

technology neutral concept to support customer preferences and 

technology developments.

Å To simplify brownfield modifications at platforms, subsea 

transformers may be selected, depending on each case.

Å Carbon capture technology is matured from e.g. the technology 

center at Mongstad, and knowledge on storage is available from 

the application at the Sleipner field.

Commercial Readiness Level (CRL)

Å Commercially ready. 3-4 years lead time from investment decision 

estimated for hub and related infrastructure. 

Costs

Investment costs

A 200 MWe Blå Strøm hub was estimated to have an investment 

cost of around 6600 MNOK, with the largest cost drivers being the 

CC facility and the combined cycle power plant. The investment 

costs are largely linear with power production for units above 100 

MWe. 

The interface costs are highly case dependent, i.e., the electrical 

distribution grid to the customer and the CO2 transport and storage 

solution. A given case of a 200 MWe power delivery to four platforms 

estimated an interface investment cost of 2300 MNOK, including 

reservoir qualification, drilling and well, subsea electrical distribution 

grid, as well as CO2 export and fuel gas import flowline. 

When the unit supplies several platforms, the relative placement of 

the unit is a minimization of three cost elements: electrical supply to 

the platforms (including most cost-effective modifications at the 

platforms given their weight and space limitations), infrastructure for 

CO2 storage, and infrastructure for natural gas supply.

Levelized cost of energy (LCOE)

A general cost estimate on power delivered (LCOE) was calculated 

to be 80 NOK-øre/kWh, where:

Å CAPEX = 50 NOK-øre/kWh

Å OPEX = 30 NOK-øre/kWh, where the tax on emitted CO2

constitutes around 8.5 NOK-øre/kWh

If the natural gas has an alternative value (e.g. exports), a price of 

2.4 NOK/Sm3 equals around 50 NOK-øre/kWh in increased LCOE.

Abatement costs 

The abatement cost ranges between 1500 and above 2000 

NOK/tonne CO2, however this is highly case dependent.

All information is used with permission from the Blå Strøm consortium
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Short description

ZEUS produces electrical power by burning natural gas and pure oxygen at the 

seabed, close to the production well(s). The oxygen is provided by an Air Separation 

Unit (ASU) placed offshore close to the power station and the combustion is done at 

elevated pressure coming from the wells. The resulting CO2 is re-injected directly into 

the same reservoir or a nearby aquifer, using a pump.

The base-case unit is designed to consume 1 million Sm3 natural gas from which 100 

MWe net AC power is produced, and 0.88 million tonnes CO2 is captured and injected 

annually. ZEUS can however be scaled to specific fields as applicable. 

Advantages

Å Reliable and affordable power with zero CO2 emissions (100 percent capture rate).

Å Reduces the need for retrofitting topside for brownfield projects due to less weight 

and space requirements for electrical equipment.

Å Lower CAPEX and OPEX for greenfield projects.

Å Patented combustion under high pressure ensures that the exhaust gas is liquified 

directly when cooled, simplifying the plant as pumps can be used for re-injection 

rather than compressors. This also removes the need for any costly post-

processing of the exhaust. The power required for CC is estimated to be 60 MWel, 

compared to around 100 for traditional CC plants (combined cycle or LM2500 gas 

turbines). 
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Maturity

Technology Readiness Level (TRL)

Å Subsea compression technology mature and utilized since 

2015. Utilizing off-the-shelf technology for several parts.

Å Pilot to qualify the high-pressure burner ready by 2024.

Å Pilot to qualify turbine-generator for subsea application ready 

by 2025.

Å ASU: Unmanned unit by 2027 and floating unit by 2030.

Commercial Readiness Level (CRL)

Å Phase I (application for shallow water installations): Topside 

power station targeted for 2028

Å Phase II (deep water): Subsea power station and floating 

ASU targeted for 2031.

Costs

Levelized Cost Of Energy (LCOE)*

ZEUS is competitive with other carbon capture solutions. If including CO2

offsets or EOR, the LCOE can be reduced to around 0.10 NOK/kWh**. 

Note, the prices on fuel and raw materials are varying and has increased 

since the estimates (graph below showing situation in March 2022).

All information is used with permission from Aker Solutions

Abatement costs for decarbonizing FPSO topsides lie in the range of 

980 to 1200 NOK/tonne CO2. In comparison, the LINCCS project 

shows a range of 1500 to above 5000 NOK/tonne CO2 for other carbon 

capture technologies. Note, ZEUS has 100 percent carbon capture 

rate compared to 90 percent capture for alternatives.

*LCOE excludes company cost, cost of injection well and XT, cost of umbilical, cost of natural gas

** Assuming CO2 tax savings of 50 USD/tonne CO2 and selling power surplus, or 1 extra bbl of oil 

(EOR) of 50 USD/bbl

Applications

Decarbonized upstream oil and gas activities

Å Produce emission free power locally avoiding topside CC

Compliment renewables, especially offshore wind

Å Being dispatchable, deliver balancing power

Monetize problem gas (associated, CO2 rich, stranded)

Å Gas to produce power, not power to produce gas

Norwegian technologies for the future
ZEUS: Zero Emission Underwater Power Station
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Gas-fired power hubs with CCS
Long-term considerations

Å Natural gas is set to play a transitional role in the EU taxonomy. However, the aim will 

be to springboard gas solutions towards facilitating uptake of low-carbon gases 

through steadily tightening requirements.

Å The European Commission approved a complementary climate delegated act in 

February 2022, inluding electricity production from gas as a sustainable activity, given 

that either any new or refurbished gas power plant meets the 100gCO2e/kWh in 

lifecycle emissions criteria, or a number of alternative stringent criteria for facilities with 

a construction permit granted by 31 December 2030 [1].

Å One of these criteria include that a facility either must have direct emissions below 

270gCO2e/kWh of the output energy, or that annual direct GHG emissions of the activity do 

not exceed an average of 550kgCO2e/kW of the facilityôs capacity over 20 years. Other 

criteria include that the activity must replace high-emitting electricity generation, not replace 

electricity from renewable energy and that the facility must be designed to use renewable 

and/or low-carbon fuels by December 31st 2035.

Å A gas-fired power plant with CCS will likely be able to meeting the criteria and as such 

qualify as a sustainable activity under the EU taxonomy in the short term, as it 

displaces high-emitting electricity generation. However, the facility should be designed 

to use renewable and/or low-carbon fuels in the longer term to meet tightening 

requirements. 

Å One solution could be to facilitate for co-firing solutions on the power plant, and in the longer 

term replace the turbines with turbines that can run on 100 percent low-carbon fuels.

Å Another alternative could be to replace the gas turbines with fuel cells for generating power. 

The Norwegian venture Alma Clean Power (see fact box) is currently developing high-

efficient fuel cells that can run on multiple fuels, which could be a solution for the future.
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Alma Clean Power was established in 2021 in Bergen, Norway, with 

an ambition to establish a full-scale production of module-based fuel 

cells to support the decarbonization of ocean industries. The company 

is a venture from Clara Venture Labs, originated from Aker ASAôs 

venture capital platform for industrial technologies and materials. 

Alma Clean Power utilizes high-temperature solid oxide fuel cell (SOFC)

technology to enable high-efficiency power generation. The fuel cell

modules are 2 MW and comprise heat exchange and fuel recirculation

systems providing superior electrical efficiency of >60% in addition to

valuable heat. The fuel cells can operate on a variety of fuels, e.g., 

ammonia, hydrogen, LNG and methanol. If carbon-based fuels are 

applied, concentrated CO2 will exit the fuel cell modules. This enables 

cost- and energy efficient carbon capture, which means that zero-emission power generation can be achieved 

also in carbon-based fuels. Key application areas are maritime shipping, offshore O&G, subsea, fish farming and 

remote lands. 

Maturity

Å R&D programs with academic and industrial partners since 1991

Å 2023: Ammonia-powered fuel cell installed at Sustainable Energy Norwegian Catapult Centreôs Energy House 

at Stord

Å 2024: Ammonia-powered fuel cell installed on Viking energy (first ammonia fuel cell driven vessel)

Å 2025: Mega production facility to be built

Å 2026: Commercially available products

Advantages

Å Can replace gas turbines offshore with a potential of reducing up to 90 percent of emissions in the oil and gas 

sector (dependent on fuel).

Å Fuel efficiency increased from 20-35 percent to >60 percent compared to gas turbines.

Å Enables cost- and energy efficient carbon capture of natural gas power generation.

Å End user cost savings due to lower fuel consumption and lower CO2 taxes.

Å CAPEX competitive with electrification from shore (case dependent)

Å The modular units can be operated independently or connected to scale up the power production.

[1] European Commission, 2022
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