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1. Summary

In light of Norway's climate targets, energy crisis, resource scarcity and fluctuations in Norwegian power
production, this project has evaluated the use of floating gas-fired power plants with carbon capture and
storage (Blue Power) to electrify petroleum installations in the following areas: the Barents Sea,
Haltenbanken, Tampen, Troll/Oseberg, Utsira and Ekofisk.

The solution in this study will result in a significant reduction of COm emissions, with an estimated
reduction of 5 million tonnes COm annually. At the same time, close to 15 TWh of electrical power
will be generated. The emission reduction corresponds to 10% of Norway's total COm emissions, 50%
of offshore COm emissions, and the power generation corresponds to 10% of total Norwegian power
consumption.

The price of electricity produced by such a solution is estimated to be in the range of 50 to 100 gre per
kWh (excluding gas). It is realistic to assume that 3—4 of these units can be operational with power
production and COm injection before 2030.



2. Project Description

Project objective: The petroleum industry must cut COm emissions, and further electrification is the
most important solution. At the same time, we are heading towards a power deficit. Are there any
alternatives to power from shore and wind power?

Gas-fired power with CCS is a solution that has been discussed and evaluated for certain electrification
projects, often as an alternative to power from shore. The goal of the project is to demonstrate whether
floating gas-fired power plants with CCS can be a solution for electrifying the continental shelf.



2.1 Background

Recent reports underline significant challenges for Norway and the offshore industry in achieving COm
reduction targets by 2030 and 2050. Of Norway's total climate emissions — which in total amount to
nearly 50 million tonnes COm annually — oil and gas extraction accounts for 24%. Gas turbines alone
account for approximately 20% of Norway's annual COm emissions.
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Figure: Norway's COm emissions by sector — oil and gas extraction accounts for 24%

2.1.2 The Power Situation in Norway

Statnett's short-term market analysis (KMA 2023-2028) indicates an expected increase in electricity
consumption of 26 TWh by 2028, primarily driven by increased demand from industry and transport.
Several large electrification projects in the petroleum sector have been delayed 2-3 years.
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Figure: Grid connection applications vs. available capacity
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Figure: Power situation and capacity challenges in Norway

2.1.3 Renewable Power

NVE highlights challenges around a power market that will fluctuate increasingly in coming years. To
succeed with the ambition of 30 GW offshore wind by 2040, energy storage or balancing power is
needed. Offshore gas power with CCS can be built out relatively quickly, providing the necessary
balancing power for large-scale offshore wind deployment.
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Figure: Norwegian power scenarios 2023-2030 — low, mid and high demand projections

2.1.4 Resource Scarcity

The Climate Committee's report underlines resource scarcity as a decisive factor. Key scarce resources
include: energy, biomass, land area, expertise, minerals and metals, and the carbon budget. Resource
scarcity is less of a challenge for Blue Power — Norway has the necessary expertise and capacity, and
the solution requires limited land area and minerals.
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Figure: Resource constraints and Blue Power's position

3. Technical Solution

Blue Power is a concept with gas-fired power with CCS on a floating unit. The unit can be installed
offshore as a power hub near oil installations, or at quayside on shore to connect to the regional power
grid or directly to an export cable for power from shore to oil installations.
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3.1 Power Generation

The primary driver in the choice of power generation solution is a mature and as fuel-efficient as
possible solution — a combined-cycle power plant. Combined-cycle plants consist of gas turbines each
driving their own generator, with the residual heat in the exhaust used to generate steam that drives a
steam turbine.

Depending on the power requirement, the number of turbines and steam turbine is selected. Overall
efficiency increases with turbine size. A combined-cycle plant based on SGT-750 will have a gross
thermal efficiency of approximately 53%, SGT-800 approximately 59%, and SGT5-4000 approximately
61%.

SGT-750 1+1 ‘ 2+1 ‘ 3+1 ‘ 4+1 ‘ 5+1 ‘ 6+1
SGT-800 1+1 2+1 ‘ 3+1 ‘ 442 542 6+2
SGT5-4000 1+1

antaigassnurbiner + anval damptucbiner

3.2 Carbon Capture Plant

The carbon capture plant is based on amine technology — the technology that has advanced furthest in
maturity and commercial use. The Technology Centre at Mongstad (TCM) has played a central role.
The capture plant is typically designed for a capture rate of 90% to 95%.

3.3 Power Distribution



The electrical installation on board the Blue Power unit is adapted to the customers' needs. Placing a
Blue Power unit offshore near customers simplifies modifications on the installations and reduces
transmission cable lengths and losses.

3.4 Hull

The hull of the unit is shaped according to where it will be moored. Offshore installation requires a
robust hull that can withstand sea forces. A geo-stationary Sevan SSP hull is well suited — it has been
used on several offshore installations on the Norwegian and UK sectors.

-

SEVAN 1400
SEVAN 1000
SEVAN FLNG
SEVAN 650

SEVAN 300

60.0m
115.5m




Figure: 3D render of Sevan cylindrical hull for offshore deployment

3.5 Safety

Safety is paramount in the design and operation of such a unit. A Blue Power unit has very few
hydrocarbons in its systems compared to an oil and gas production platform. The risk of major accidents
is therefore small.
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3.6 Efficiency

Net power for export is approximately 10% lower than gross power production (example: 300 MW gross
- 270 MW net, with 7% to CCS and 3% to auxiliary systems).

3.7 Technology Readiness

Gas-fired power in combined-cycle configuration, hull forms, flexible risers and dynamic power cables
are all fully commercially available for offshore use (TRL 9). Carbon capture plants are in commercial
operation on shore, but the first plant on a floating unit has not yet been built. The overall system
readiness level is assessed at TRL 8.

3.8 Operation

The operation of a floating gas-fired power plant with CCS will be relatively small and simple compared
to production platforms. Offshore units will be permanently manned with work primarily related to
maintenance.

4. Mapping and Power Demand

4.1 Areas Under Consideration

The project has carried out a mapping of power demand, expected service life and current COm
emissions for each installation. In all proposed areas, gas can be sourced locally and COm injected
directly into a nearby reservoir.



4.1.1 Barents Sea
Proposed Blue Power capacity: 270 MW

In the Barents Sea, many gas discoveries have been made with complex geology. Only Snghvit
currently produces gas to market through Melkgya LNG. Johan Castberg would be fully electrified, while
Goliat and Wisting are included in the study.

4.1.2 Haltenbanken

Proposed Blue Power capacity: 245 MW

Sufficient gas has been found with infrastructure capacity to spare. An electrification project is currently
underway. A Blue Power solution would include Skarv, Heidrun, Asgard and Kristin.

4.1.3 Tampen

Proposed Blue Power capacity: 240 MW

Primarily oil fields (Statfjord, Snorre, Gullfaks) with significant associated gas. Challenges include high
costs for electrifying older existing units and limited service life for some of them.

4.1.4 Troll/Oseberg
Proposed Blue Power capacity: 450 MW

One of the largest proven gas reserves on the NCS. COm storage in this area is among the best
documented — ELOO1 Aurora, EXLO02 Smeaheia and EXL0O04 Luna.



4.1.5 Heimdal/Utsira
Proposed Blue Power capacity: 450 MW

High-intensity area with many offshore installations close together. Johan Sverdrup, Edvard Grieg,
Yggdrasil. A Blue Power unit should include Alvheim, Ringhorne, Balder, Grane and connection towards
Yggdrasil or Johan Sverdrup.

4.1.6 Ekofisk

Ekofisk has relatively much directly driven equipment, giving high costs and long downtime for
electrification. The best option is likely COm capture from existing gas turbines.

4.2 Power Demand, Gas Consumption and COm Capture

The six areas identified have a combined current power demand of approximately 1,900 MW:

Gas (MSm3/d) | COm gross (kt/yr) [COm captured (kt/yr)
270 1.30 950

Barents Sea 1,000

Haltenbanken 245 1.33 1,022 971
Tampen 240 1.29 993 943
Troll/Oseberg 450 2.07 1,592 1,512
Heimdal/Utsira 450 2.19 1,683 1,600
TOTAL 1,655 8.18 6,290 5,976

4.3 Gas Access

As of 2023, approximately half of the oil and a third of the gas of expected discoveries and undiscovered
resources have been produced. Gas processing plants and terminals extend from Snghvit in the north
to Mongstad, Sture, Kollsnes and Karstg in the south-west.
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Figure: Norwegian gas production profile and remaining resources

4.4 COm Injection

Norway has an enormous potential for carbon storage. The Norwegian Petroleum Directorate has
indicated 71.2 Gt in the North Sea alone, with 6 Gt in the Norwegian Sea and 7.5 Gt in the Barents Sea.

The Norwegian Sea

The Barents Sea

Figure: COm storage licences on the Norwegian continental shelf



COnm injection at Sleipner started in 1996. As of November 2023, there are 7 dedicated COm storage
licences on the Norwegian continental shelf:

ELOO1 Aurora North Sea Phase 1: 2024 15 - 35
EXLO02 | Smeaheia North Sea 2028 5
EXLO03 | Polaris Barents Sea 2025(?) 2
EXLO04 | Luna North Sea 2030 5
EXLO05 | Poseidon North Sea 2030 —
EXLO06 | Havstjerne North Sea Phase 1: 2028 3-8
EXLO07 | Trudvang North Sea 2029 9
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Figure 21: NPD received two new COm storage applications in late September 2023
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Figure: Storage capacity overview for Norwegian COm licences

5. Climate and Environment

5.1 Greenhouse Gas Emissions

Total COm emissions from gas turbines on the oil and gas platforms in this study are just under 6 million
tonnes COm per year. If today's gas turbines are shut down and power is produced with Blue Power,
total COm emissions would fall by approximately 4.5 million tonnes.

Total emission reduction: over 5 million tonnes COm — nearly halving greenhouse gas emissions
from oil and gas production in Norway.

Area Current COm (t/yr) Blue Power COm (t/yr) Reduction (t/yr)



Barents Sea 280,000 50,000

Haltenbanken 1,510,000 51,000
Tampen 1,910,000 593,000*
Troll/Oseberg 757,000 80,000
Heimdal/Utsira 404,000 83,000
Ekofisk 833,000 286,000
TOTAL 5,693,000 857,000

COnm intensity of power production: Lifecycle emissions for new gas-fired power plants with 95%
capture rate are estimated at 34 gCOme/kWh. For comparison, the Norwegian onshore power grid is
approximately 19-38 gCOm e/kWh, and the EU average is 250 gCOm e/kWh.

5.2 Other Air Emissions

NOm: Using low-NOm turbines, total NOm emissions would fall from approximately 15,000 tonnes to

approximately 8,500 tonnes — a reduction of over 6,500 tonnes.

SOm: SOm is removed in a pre-scrubber before the CCS plant — essentially zero from Blue Power

units.

nmVOC: Total nmVOC emissions would fall from approximately 584 tonnes to approximately 269

tonnes.

6. Economics
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6.1 Assumptions

Parameter Value Comment

Gas price NOK 3.50/Sm3

Required return 10%

Contract length 20 years

COm capture rate 95% Design capture rate

COnm storage EUR 20/tonne COm Ref. Wittemann E&P Consulting

COnm levy 2030 NOK 2,230/tonne Ref. Norwegian Government carbon price path

6.2 Electricity Price

Operating cost 34 gre/kWh
Finance cost 54 gre/kWh
Subtotal 88 gre/kWh
COnm storage 16 gre/kWh
Gas cost 76 ore/kWh

TOTAL NOK 1.80/kWh

At quay (450 MW)

24 gre/lkWh

37 gre/lkWh

61 agre/kWh

9 gre/lkWh

70 gre/lkWh

NOK 1.40/kWh



These figures show that electricity price lies in the range of 50-110 gre/kWh (excluding gas). Gas price
is a key factor and will vary significantly depending on specification and location.

6.3 Mitigation Cost

Mitigation cost (existing 30% efficiency)litigation cost (same efficiency as h

245 MW offshore unit NOK 700/tonne COm NOK 2,150/tonne COm

450 MW barge NOK -600/tonne COm NOK 1,700/tonne COm

7. Implementation Timeline

In general, it takes 3 to 4 years from the investment decision to the start of power production. For
successful implementation by 2030, efficient regulations and approval processes for electricity and COm
storage are critical. Blue Power units supplying offshore installations will be regulated under the
Petroleum Act.

Engineering, bygging og installasjon

8. Conclusion

This report maps key aspects of implementing Blue Power units in various regions, with regard to power
demand, onshore connection, service life, COm emissions, gas access and COm storage. The report
presents concrete proposals for Blue Power units in six geographical areas.

The solution involves a COm reduction of 5 million tonnes annually and power production of 15 TWh.
This constitutes approximately 10% of Norway's total emissions and power demand.

Main Conclusion: Blue Power will effectively contribute to solving the combined climate and energy
crisis before 2030, while requiring minimal resources and functioning as necessary balancing power for a
successful implementation of renewable energy.

9. References




Appendix 1 — Detailed Power Demand per Installation

The table below shows power demand, Blue Power unit size and associated COm emissions for the six
areas evaluated, including estimated service life for each field:

Kraftbehov | Kraftbehov | Stgrrelse CO, utslip CO; utslipp Forventet
Omrade Felt per enhet | per omrade | strgmhub per enhet peromrade | produksjons
Mw ] MW ] MW ] [1000 tpa] [1000 tpa] b
Johan Castberg 115 280 2054
Barentshavet G(:!Iia.t 75 270 270 0 280
Wisting 80 0
SUM 270 280
Skarv 60 300 2036
Norne 0 0 2032
Halten- Heidrun 60 230 245 310 1510 2045
banken  |Asgard 80 640 2036
Kristin 30 260 2036
SUM 230 1510
Snorre A&B 115 440 2054
Gullfaks 50 705 2041
Gullfaks Sat.
St.at'fjord B&C 30 540 540 665 1910 2036
Tampen Visund 0 0 2032
Kvitebjgrn 0 0 2034
Valemon 0 0 2034
Gjga 45 100 2040
SUM 240 1910
Troll A 195 2060
Troll B/C 116 120
Oseberg
Troll/ Oseberg Ser 105 491 450 459 757 2041
Oseberg Oseberg @Pst
Martin Linge 55 0
Brage 20 178
SUM 491 757
Heimdal - - 2024/2025
Alvheim 30 172 2046
Heimdal/  [Ringhorne 10 447 450 39 404
Utsira Balder 32 0
Grane 75 193
Johan Sverdrup ++ 300 0
SUM 447 404
Ekofisk 130 576 2050
Ekofisk Eldfisk Ukjent 208 0 257 833
Valhall 78 0 2050
SUM 208 833
TOTAL 1886 1886 1655 5694 5694

Appendix 2 — Gas Composition for Calculations

Typical Norwegian continental shelf gas composition used for calculations:

C1 (Methane) 89.0
C2 (Ethane) 4.5
C3 (Propane) 1.45

iC4 0.60
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