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1.0 Introduction 

The following report provides a high-level summary of a Front-End Engineering Design 
study to reduce GHG emissions from power generation onboard the SeaRose FPSO.  The 
study was completed as part of Natural Resources Canada’s Emissions Reduction Fund, 
Offshore RD&D program. 

Cenovus Energy was awarded a budget of $505,605 to complete this work with 100% 
spent within Canada. While Cenovus managed the scope, primary engineering was 
executed locally by Aker Solutions. 

 

2.0 Background 

The SeaRose FPSO commenced offshore production from the White Rose field in 2005.  
A new satellite facility, the West White Rose Platform (WWRP), is scheduled to start 
operation in 2026.  It will produce oil back to SeaRose, extending the field life by 14 years. 

While SeaRose was initially designed with state-of-the-art technology, significant 
advancements have been made over the past 20 years.  Furthermore, the operational and 
regulatory requirements have also changed during that time. 

 

3.0 Abbreviations 

Abbreviation Meaning 

C-NLOPB Canada – Newfoundland & Labrador Offshore 
Petroleum Board 

CO2e Carbon Dioxide Equivalent 
FCV Flow Control Valve 
FPSO Floating Production Storage Offloading 
GG Gas Generator 
GHG Greenhouse Gas 
GWh Gigawatt-hours 
MPG Main Power Generation 
MW Megawatt 
PCV Pressure Control Valve 
PT Power Turbine 
ROV Remote Operated Valve 
Te Metric tons 
WWRP West White Rose Platform 
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4.0 Scope 

The study focused on brownfield opportunities to reduce exhaust emissions from the Main 
Power Generators located on the SeaRose FPSO.  The study has identified potential 
modifications to increase power output, efficiencies, and reliability related to the power 
generation system with a target of operating two MPGs versus three MPGs which is typical 
under current operating conditions. Reliable, efficient operation could result in a significant 
reduction in CO2e emissions per annum. 

 

5.0 Study Basis 

Natural gas fired electricity generation is the largest CO2e emissions source for the 
SeaRose FPSO which is typical for an FPSO of its age.  As identified in the 2020 GHG 
Emissions Report to the C-NLOPB and Department of Environment and Climate Change, 
69% of the emissions from the SeaRose FPSO were attributed to electricity generation 
(ie. 250,386 Te CO2e of 362,362 Te CO2e per annum) (Figure 1). 

 
Figure 1: Typical GHG Emission from SeaRose 

Note:  For the 250,396 Te CO2e, approximately 99% of that value comes from the MPGs 
while burning natural gas.  The remaining 1% of emissions are derived from burning 
diesel in the MPGs, when natural gas is unavailable, or essential generators. 

 

The main power for SeaRose production is provided by three MPG located on the aft, 
starboard side (Figure 2). 
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Figure 2: SeaRose Main Power Generation 

 

Actual operation generally requires all MPG to be partially loaded.  This configuration 
provides online spinning reserve in the event one MPG trips.  Besides allowing the power 
management system to maintain operation of the facility, it may also prevent a shutdown 
of the facility which may have an associated flaring event.   

While operation of three MPGs provides spinning reserve, the associated partial loading 
results in inefficient fuel consumption that can negatively impact emissions.  Furthermore, 
the increase in operating hours on each unit reduces the intervals between planned 
maintenance and thus increases maintenance costs. 

Cenovus recognized the opportunity to study optimization of SeaRose MPGs with a 
primary focus on emissions reduction potential. 
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6.0 Main Power Generation 

The normal operating power generated on SeaRose is provided by three Siemens Energy 
RB211 aero-derivative units.  A typical MPG assembly is shown in Figure 3 including a 
Gas Generator (GG) and a Power Turbine (PT) assembly in Figure 4. 

 
Figure 3: Offshore Power Generation Configuration1 

 

 
Figure 4: Gas Generator and Power Turbine Assembly2 

 

Air entering the unit is compressed, blended with fuel, and combusted within the GG.  
Discharge from the GG spins the PT (Figure 5) which in-turn spins an electrical generator 
to provide electrical power. 

 
1 https://www.siemens-energy.com/global/en/offerings/power-generation/gas-turbines/sgt-a30-a35-rb.html 
2 https://www.siemens-energy.com/global/en/offerings/power-generation/gas-turbines/sgt-a30-a35-rb.html 

https://www.siemens-energy.com/global/en/offerings/power-generation/gas-turbines/sgt-a30-a35-rb.html
https://www.siemens-energy.com/global/en/offerings/power-generation/gas-turbines/sgt-a30-a35-rb.html
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Figure 5: GG and PT Sub-Assemblies 
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7.0 Available Power 

The nominal power output from an RB211 used on SeaRose has an output that varies 
according to ambient temperature (Figure 6). An ambient temperature, for example, of 
10°C to 12°C could have a continuous turbogenerator output of 27 MW.  Increasing 
ambient temperature will decrease the available power and conversely reducing the 
ambient temperature will increase power output up to 30 MW maximum.  There are 
multiple factors, however, that reduce these ideal ratings to useable values.   

 
Figure 6: Nominal Power Output 

If we consider the deterioration that occurs due to wear, operation of anti-icing, and water 
washing, Figure 7 shows the available turbogenerator power based on average monthly 
offshore temperatures.  Available power is generally in the range of 23 MW to 26 MW per 
unit.  These values are represented by the light blue bars and the orange bars. 

 
Figure 7: Available Power 
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8.0 Power Demand 

A historical review of power demand was completed for SeaRose and the coarse annual 
values are provided in Figure 8.  The orange bars are based on the current configuration 
with predicted power demand increases associated with WWRP production.  The power 
demand increase is associated with a significant increase in water injection volumes.  The 
grey and yellow bars are associated with potential changes to the water injection pumps 
that is discussed in Section 10.0. 

 
Figure 8: Required Electrical Power 

 

Two MPGs can theoretically provide sufficient power until 2025 if the units operate reliably. 
Note that the power demand values are annual averages and do not include peak values.  
As noted previously, having one MPG offline will provide no spinning reserve if one of the 
operating MPGs trips.  

The blue shaded area represents the available power supply range for two MPGs 
operating simultaneously (ie. approximately 46MW to 52.5 MW). 

As can be seen, the existing power demand for SeaRose can be achieved with two MPGs, 
however as water injection demands increase post 2025 a third MPG will need to be 
operated continuously if changes are not implemented. 

  



SeaRose Main Power Generation Optimization  

 

WR-DVG-SY-0002  Page 11 of 21 

9.0 Water Injection Pumps 

SeaRose has three identical multi-stage, centrifugal, water injection pumps located 
midship on the starboard side (Figure 9).  Each pump has a design flow rate of 694 m3/h.  
While some variation around this flow rate is possible, significant variation results in higher 
failure rates of the pumps.  Furthermore, excess flow resulting in overboard discharge 
results in deterioration of ancillary piping and valves. 

 
Figure 9: Water Injection Pumps 

Since water injection flow rates will increase with startup of WWRP, opportunities were 
examined to resize the pump internals to maintain high reliability while providing a more 
efficient fit to the predicted flow rates. 

Considering the limited space available in this area and costs associated with a major 
rebuild of this module, the two recommended options rely on pump bundle changes and 
control logic changes. 

 

10.0 Water Injection Profile 

For the existing White Rose field, the water injection demands are relatively low and 
consistent.  This is demonstrated in Figure 10 until 2025.  In2026 as new production wells 
are developed and produced back to SeaRose, the demand for injection water will 
increase with a peak between 2027 to 2031. 
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Figure 10: Water Injection Profile 

 
The shaded areas in Figure 11 represent the excess water production for three cases: 

1. Current Pump Design – 3 identical pumps rated at 694 m3/h each 

2. Option 1 – 3 identical pumps rated at 610 m3/h each 

3. Option 2 – 3 different pumps of various rates 

 

 
Figure 11: Water Injection Surplus 

 

Excess water represents water that is pressurized but not required to meet the reservoir 
needs.  This water is discharged overboard.  Figure 12 defines the total excess flow based 
on two options compared to the baseline (ie. current arrangement). 
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Figure 12: Excess Power Consumption 

 

The current arrangement will result in the highest amount of excess water which equates 
to excess power consumption of 416 GWh.   

 

The options provided are indicative and may not be the final solution, however these 
options do provide perspective on the power reductions that are possible. 

Option1:  Reducing the pump capacity by 12% per pump will allow a more efficient fit of 
the pumps to the reservoir needs and reduce excess power consumption by 
19%. 

Option 2:  Sizing the three pumps to a small, medium & large arrangement will allow 
pump combinations to improve the water supply fit to the reservoir needs with 
a potential reduction in excess power consumption by 68%. 

For Option 1, each bundle upgrade would cost approximately $505,000 ± 30% plus the 
cost of project management, installation, testing and spare parts. 

For Option 2, each bundle upgrade would cost approximately $505,000 ± 30% plus 
gearbox changeout approximately $253,000 ± 30% plus the costs of project management, 
installation, testing, and spare parts.  
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11.0 Water Injection Control 

The original pump arrangement in 2005 (Figure 13) was designed for a 3 x 33-1/3 
arrangement to meet the projected needs of the reservoir.  As flow changed, pumps could 
be taken offline (ie. 3 pumps in parallel, 2 pumps in parallel, or a single pump). 

 
Figure 13: Original Water Injection Pump Schematic 

 
The purpose of the overboard FCV is minimum flow protection for each pump to support 
start-up and shutdown.  An FCV protects a pump against minimum flow cavitation.  These 
valves are not intended for continuous flow control. 

The configuration was modified in 2012 to allow a higher discharge pressure from the 
pump up to an operational pressure limit of the Turret Swivel.  This was accommodated 
by changes to the water injection bundles (ie. present design flow rate), the addition of 
PCV downstream of each pump, and control logic changes (Figure 14). 

 
Figure 14: Modified Water Injection Pump Schematic 

 
With the addition of the PCV to the control logic, the pumps have the capability to throttle 
discharge pressure, thus flow on a centrifugal pump, to meet the intended rate while 
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protecting the Turret Swivel.  The overboard FCV can perform it’s intended purpose for 
startup and shutdown protection. 

This arrangement can minimize overboard discharge of water and reduce flow through the 
pump which will reduce overall power demand.  Reducing power demand will reduce 
overall GHG emissions. 

For perspective, Figure 15 shows the potential GHG reduction associated with 
management of injection water.  Pump configuration and control that minimize the 
discharge of water overboard can have a net GHG reduction of 100,000 Te to 210,000 Te 
CO2e over the remaining life-of-field. 

 
Figure 15: Water Injection Potential GHG Reduction 
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12.0 Power Generation Options 

The OEM provided power supply and emission data for eight combinations of gas 
generators and power turbines (Figure 16). 

 
Figure 16: MPG Upgrade Options 

 

Of the eight options evaluated, Option 4 and Option 8 were deemed the most feasible 
upgrade recommendations based on emission reduction, power delivery increase, and 
maintenance interval.   

Option 4 power profile comparison is shown in Figure 17. 

 
Figure 17: Option 4 Power Profile Comparison 
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Option 8 power profile comparison is shown in Figure 18. 

 
Figure 18: Option 8 Power Profile Comparison 

 

Depending on the water injection upgrade chosen, both MPG options provide possible 
solutions that rely on a two MPG operation, as opposed to a base case of three MPGs.  
While Option 8 will clearly meet the power demand, fuel consumption efficiency generally 
improves as the MPGs approach peak power. 

The estimated CO2e emissions with the existing water injection arrangement, Option 4 
and Option 8 are shown in Figure 19. 

 
Figure 19: Estimated CO2e Emissions 

 

Compared to the existing arrangement, an upgrade summary for Option 4 and Option 8 is 
presented in Figure 20 

 
Figure 20: MPG Upgrade Summary 
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There may be options for truncating some of the water injection demands and/or operating 
three MPG for short time periods that result in lower overall emissions. 

Regardless, the coarse power profile allows stepwise upgrades of the PT and GG that can 
be aligned with Cenovus planned maintenance and increasing power demand needs. 

For Option 4, each MPG upgrade would cost approximately $16 million ± 30% plus the 
cost of project management, installation, testing and spare parts. 

For Option 8, each MPG upgrade would cost approximately $18.5 million ± 30% plus the 
cost of project management, installation, testing and spare parts. 

13.0 Overall Emission Reduction 

Emission reduction estimates were calculated against a baseline 50MW power generation 
and normalized in the study against SeaRose actual MPG emissions.  All things being 
equal, the potential CO2e reduction for the two recommended options is in the range of 
23K tonnes to 25K tonnes per year when compared to the three MPG operation of the 
existing configuration. 

As shown in Figure 21, implementation of upgrades could have a cumulative reduction of 
300K to 350K tonnes CO2e from 2025 to 2038. 

 
Figure 21: MPG Upgrade Potential Emissions Reduction 

 

Overall, this equates to a 6% reduction in GHG remissions from SeaRose when compared 
to the emissions reported for 2020 (Figure 1).  

From a practical point-of-view, this equates to removing approximately 5000 gasoline 
vehicles from the road per year (4.6 Te/car/yr)3. 

  

 
3 Greenhouse Gas Emissions from a Typical Passenger Vehicle, United States Environmental Protection Agency, EPA-420-F-18-008, March 2018. 
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14.0 Carbon Tax 

As announced by the Federal Government4 the carbon tax on GHG emissions will be 
increased annually by $15/tonne from $50/tonne in 2022 to 2030 at $170/tonne (Figure 
22). 

 

 
Figure 22: Federal Carbon Tax 

 

Considering the planned carbon tax and the projected GHG reduction, project economics 
will need to be completed that consider potential tax reductions compared against the 
projected implementation costs identified in Section 10.0 and Section 12.0. 

The capital cost for brownfield implementation is estimated to be $49.5 million to $57.8 
million ± 30% plus the cost of project management, installation, testing and spare parts.  

 
4 https://www.canada.ca/en/environment-climate-change/services/climate-change/pricing-pollution-how-it-will-work/carbon-pollution-pricing-federal-
benchmark-information/federal-benchmark-2023-2030.html 
 

https://www.canada.ca/en/environment-climate-change/services/climate-change/pricing-pollution-how-it-will-work/carbon-pollution-pricing-federal-benchmark-information/federal-benchmark-2023-2030.html
https://www.canada.ca/en/environment-climate-change/services/climate-change/pricing-pollution-how-it-will-work/carbon-pollution-pricing-federal-benchmark-information/federal-benchmark-2023-2030.html
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15.0 Reliability, Availability and Maintainability 

Historically the operation of three MPGs on SeaRose has been reliable as a system. With 
the additional MPG in operation, unplanned downtime for one MPG will not jeopardize 
plant operation.  In general, an availability of 90% can be maintained with scheduled 
downtime of 5% and unscheduled downtime of 5% (Figure 23). 

 
Figure 23: Historic Availability 

This availability has been achieved with a utilization of 81% on each machine with 
downtime of 10%. This provides a standby of 9% (Figure 24). 

 
Figure 24: Historic Utilization 

To achieve a reliable two MPG operation, unit availability will need to be increased to 95% 
with a scheduled downtime of 5% (Figure 25). 

 
Figure 25: Future Availability 

Improving the availability of the individual MPG with a goal of eliminating unplanned 
shutdowns would allow significantly more standby time for each MPG (Figure 26).   

 
Figure 26: Future Utilization 

While power upgrades to MPGs can provide significant reductions in GHG emissions, a 
coincident improvement in reliability will be required to permit operation on two MPGs and 
realize the potential emission reductions. 
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16.0 Study Output Summary 

• The current Three-Unit MPG operation results in higher GHG emissions and higher 
maintenance plan execution costs compared to the upgrade options considered in this 
study. 

• 2X existing MPG operation will not provide sufficient power supply for the forecasted 
power demands. 

• 2X MPG upgrade options have been recommended for consideration with capacity 
increase, emission reduction potential, and economic cost / benefit analysis. 

• MPG upgrade options can be completed within existing footprint / engine enclosure. 

• Additional capacity margin and emissions savings can be achieved through 
optimization of water injection pumps. 

• Recommended water injection pump optimization can be completed within the existing 
footprint. 

• Implementation of the upgrades could result in cumulative emissions reduction 
potential of 300K to 350K tonnes of CO2e between 2025-2038. 

 

17.0 Conclusions 

• Based on the positive results of the technical feasibility, an economic review to 
determine if a business case exists should be completed. 

• The commercial feasibility will need to consider the content of the technical study as 
well as detailed costs, spend profile, brownfield opportunities to implement, and 
carbon taxation as it applies to the asset. 
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