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Courtesy photos from
- https://www.process-worldwide.com/statoil-invests-in-german-arkona-

wind-farm-a-531022/

• CO2 Emission from oil and gas industry in Norway
• Use of wind power for combined water and CO2 injection
• CO2 dissolved in injection seawater for CO2 storage and EOR

https://www.process-worldwide.com/statoil-invests-in-german-arkona-wind-farm-a-531022/
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skal-koste-rett-under-fem-milliarder
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https://e24.no/energi/i/2G4b0x/equinor-plan-hywind-tampen-skal-koste-rett-under-fem-milliarder


CO2 Emission in Norway and from 
Offshore Oil and Gas industry



EQUINOR - HYWIND



https://www.tu.no/artikler/vil-bruke-havvind-til-a-oke-oljeutvinningen/222467

WIN WIN - WIND POWERED WATER INJECTION
DNV GL: Nå kan det lønne seg med flytende havvind til oljeplattformer
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Challenges and opportunities

• Wind power daily and seasonal variations
• Regularity issues for injection / Well integrity (?)
• Energy mix or storage (?)
• Cyclic water and IOR (+)

• Combining CO2 with seawater injection
• CO2 as carbonated water (CW) for EOR (+)
• Reservoir rock interaction (?) 
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Producer 1 has Injector with cyclic rate

Producer 2 has intensive cycles in production rate 

Cycles in well production / injection  are often present 
in a field history
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Water-cut decrease 
after shut-in period

Reference: SPE 116873, A.A. Shchipanov (IRIS), L.M. Surguchev (IRIS), S.R. Jakobsen (StatoilHydro), presented at SPE Russian 
Oil & Gas Technical Conference and Exhibition, Moscow, 28–30 October 2008



Cyclic injection IOR – Main mechanisms

Gravitational “siesta” Alternating waterflood 
patterns

Expansion / compaction

Reference: SPE 116873, A.A. Shchipanov (IRIS), L.M. Surguchev (IRIS), S.R. Jakobsen (StatoilHydro), presented at SPE Russian 
Oil & Gas Technical Conference and Exhibition, Moscow, 28–30 October 2008



Two Producers
Two Injectors

Effect of cyclic water injection 

Reference: SPE 116873, A.A. Shchipanov (IRIS), L.M. Surguchev (IRIS), S.R. Jakobsen (StatoilHydro), presented at SPE Russian 
Oil & Gas Technical Conference and Exhibition, Moscow, 28–30 October 2008



6-field case: How much CO2 can be blended in 
the injected seawater*
• Total CO2 emission is about 1.5 Mt per year
• Total amount of injected water is ~ 66 MSM3 per year   
• Total amount of CO2 in saturated seawater at 70 - 150 bar:

Þ ~ 50-60 t/1000 SM3 water 
Þ ~ 3.3 – 4.0 Mt / year  CO2 can be blended to injection water
Þ ~ 1/3 water injectors needed to carry all CO2 to reservoir  

*) Estimated from 2014 data from NPD fact data.
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CO2 dissolution in seawater



Carbonated water (CW) in Water injectors
- Volume and cost estimate (400 NOK/t CO2 tax on NCS)

1 well 2 wells 3 wells
5000 Sm3/d 10000 Sm3/d 15000 Sm3/d

Water 
injected

2 % 5 % Water 
injected

2 % 5 % Water 
injected

2 % 5 %
CO2 dissolved CO2 dissolved CO2 dissolved CO2 dissolved CO2 dissolved CO2 dissolved

Month SM3 tonn tonn SM3 tonn tonn SM3 tonn tonn

1 150 000 
3 

000 7 500,00 300 000 
6 

000 15 000 450 000 
9 

000 22 500 

2 300 000 
6 

000 15 000,00 600 000 12 000 30 000 900 000 18 000 45 000 

3 450 000 
9 

000 22 500,00 900 000 18 000 45 000 1 350 000 27 000 67 500 

4 600 000 12 000 30 000,00 1 200 000 24 000 60 000 1 800 000 36 000 90 000 

5 750 000 15 000 37 500,00 1 500 000 30 000 75 000 2 250 000 45 000 112 500 

6 900 000 18 000 45 000,00 1 800 000 36 000 90 000 2 700 000 54 000 135 000 

7 1 050 000 21 000 52 500,00 2 100 000 42 000 105 000 3 150 000 63 000 157 500 

8 1 200 000 24 000 60 000,00 2 400 000 48 000 120 000 3 600 000 72 000 180 000 

9 1 350 000 27 000 67 500,00 2 700 000 54 000 135 000 4 050 000 81 000 202 500 

10 1 500 000 30 000 75 000,00 3 000 000 60 000 150 000 4 500 000 90 000 225 000 

11 1 650 000 33 000 82 500,00 3 300 000 66 000 165 000 4 950 000 99 000 247 500 

12 1 800 000 36 000 90 000,00 3 600 000 72 000 180 000 5 400 000 108 000 270 000 
Annual CO2 Tax  

(MNOK) 14,40 36,00 28,80 72,00 43,20 108,00 



Carbonated water may enhance oil recovery (EOR)



CO2 in injection water (Carbonated Water) has lower 
risk for CO2 back production

Model size:

150m/150m/30m

2D simulation

1D simulation



Summary

• Using wind power for water and CO2 injection is feasible even 
with daily and seasonal variation

• Combining CO2 storage with seawater injection could be an 
attractive solution for CO2 emission reduction on NCS

• More R&D 
• Energy sources and storage for stand-alone injection optimization
• Cost effective blending of CO2 into injection seawater
• Understanding well integrity due to frequent injection rate variation 

and geochemical reaction with carbonated water
• Accelerated CO2 dissolution by convectional mixing
• Simulation tools to quantify the CO2 storage efficiency and CO2-EOR 

potential



Thanks for listening!


