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1.0 Introduction 

The following report provides a high-level summary of a Front-End Engineering Design 
study that was conducted on GHG emissions reduction opportunities related to flared and 
vented gas 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 $406,062 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, and extend the life of the field by approximately 14 years. Production 
from the WWRP will be processed by the SeaRose. 

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 necessitating the need to 
evaluate system upgrades. 

3.0 Abbreviations 

Abbreviation Meaning 

C-NLOPB Canada – Newfoundland & Labrador Offshore 
Petroleum Board 

CO2e Carbon Dioxide Equivalent 
COT Cargo Oil Tank 
F & G Fire & Gas 
FCV Flow Control Valve 
FMECA Failure Mode Effects Criticality Analysis 
FPSO Floating Production Storage Offloading 
GHG Greenhouse Gas 
HP High Pressure 
IG Inert Gas 
LP Low Pressure 
LED Life Extension Drydock 
PCV Pressure Control Valve 
RAM Reliability, Availability, Maintainability 
ROV Remote Operated Valve 
Te Metric tons 
VOC Volatile Organic Compound 
WWRP West White Rose Platform 
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4.0 Scope 

The study focuses on brownfield opportunities to reduce venting and flaring emissions 
from the SeaRose FPSO.  This study examines the feasibility of employing process 
modifications to reduce greenhouse gas (GHG) emissions through modernization of the 
existing design. 

The emission sources considered in this study include background flaring and cargo oil 
tank (COT) blanketing.  These sources are part of SeaRose’s primary safety systems. 
Flash gas compression would also need to be resized to accommodate updates to the 
system. 

This study summarizes the technical feasibility and commercial costs of these options to 
recommend a path forward on GHG reduction. 

 

5.0 Concept 

Conceptually, gas from the flare system and cargo blanketing system would be recovered 
and kept within the system for pressure management or injection (Figure 1).  With the 
recovery of gas, the continuous flaring and associated continuously operating flare pilot 
are no longer required. 

 
Figure 1: Closed Flare and VOC Recovery Concept 

 

The capabilities of the existing systems would remain intact to accommodate an upset 
event.  The location of the flare tip and inert gas (IG) vent is shown in Figure 2. 
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Figure 2: SeaRose 
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6.0 Flare Recovery System 

Flaring is the second 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, 23% of the emissions from 
the SeaRose FPSO were attributed to flaring (ie. 83,146 tonnes CO2e of 362,362 tonnes 
CO2e per annum) (Figure 3). 

 
Figure 3: Typical GHG Emission from SeaRose 

 

The Flare emission is comprised of the LP Flare (52%), HP Flare (33%), and Pilot Flare 
(15%) as noted in Figure 4. 

 
Figure 4: Flare GHG Emission from SeaRose 

 

Since the HP Flare’s primary purpose is a safety mechanism to vent HP gas in the event 
of an emergency or plant shutdown, the focus of this study is associated with the LP and 
Pilot Flares. 
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7.0 Volatile Organic Compound (VOC) Recovery System 

SeaRose cargo oil tanks are equipped with an inert gas (IG) blanketing and venting 
system. Its purpose is to avoid the creation of an explosive atmosphere by filling in the 
void created during the crude offloading process with inert gas. IG is produced by the 
auxiliary boilers and is made up of scrubbed exhaust gases. The volume of GHG 
associated with this system is approximately 86% (ie. 19,294 Te CO2e) of the General 
Stationary Combustion value show in Figure 5. 

GHG emissions from COT blanketing and venting come from methane and carbon dioxide 
dissolved in the rundown crude and flashing from crude oil. The volume of VOCs, or flash 
gas generated in the COTs, is directly proportional to the amount of produced crude oil 
flowing into the COTs. 

 
Figure 5: Boiler GHG Emissions from SeaRose 

Note:  The boilers have the capability of burning diesel, however this feature is not used 
since there is a fuel gas source. 

 

The boilers are used for purposes other than generating inert gas, however for the purpose 
of this study, it is conservatively assumed that all the fuel gas burned by the boilers is used 
for generating IG. 

For the proposed VOC recovery system (Figure 6), replacing the inert blanket gas with a 
HC blanket gas was considered during offloading of the COTs. This gas along with flashed 
VOC gases would be displaced by flowing produced crude during the COT loading cycle 
and be recovered back into the gas compression train.  

It was identified early in the study development that the recovery of the inert gas from 
boiler exhaust and mixing it with flash gas compression presents a substantial change for 
compressor redesign. To achieve a reduction from VOC would mean capturing the IG and 
recycling. 
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Figure 6: VOC Recovery Process Schematic 

 

The variability in the IG rates, the corrosiveness (due to the presence of oxygen) of the IG 
on existing metallurgy, and the low GHG reduction makes this opportunity overly complex 
for a brownfield application. Therefore, the recovery of GHG emissions from the IG system 
is not considered further. 
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8.0 Gas Compression 

Flash gas compression optimization is a pre-requisite for other opportunities, as any 
recovered gas would be processed through the compression system. 

Facility design concepts (with associated emission reduction estimates) were developed 
for flash gas upgrade, flare recovery, and VOC recovery.  These concepts were used to 
develop sizing, piping, and control modification options.  Three concepts are shown in 
Figure 7.  As can be seen a viable brownfield upgrade could not be developed that would 
satisfy operating combinations that also included VOC recovery. 

 
Figure 7: Gas Compression Upgrade Options 

 

Piping, valve, controls, and compressor bundle modifications were developed to support 
Concept A+ (Figure 8). 

 

 
Figure 8: Concept A+ 
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9.0 Selected Opportunities 

The emissions reduction opportunities were screened from a cost / benefit / technical 
complexity perspective. 

The most beneficial opportunities for emissions reduction include: 

• Flare Recovery 

• Flash Gas Compression Optimization 

The cargo tank blanket gas (VOC) emissions reduction potential was the least of the three 
and carried the most complexity for facility integration.  As such, it was not considered 
further. 
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10.0 Design Highlights 

The recommended concept would primarily consist of the following new equipment: 

• gas compression bundle, 
• flare tip, 
• ignition system, 
• ejectors, 
• high integrity automatic valves, 
• piping and structures, 
• electrical and instrumentation, 
• control system upgrades. 

 

While most of this equipment could be located on Modules M01 and M10 (Figure 9), there 
would also be modifications to the pipe racks, flare stack, and controls located throughout 
the facility. 

 
Figure 9: Modification Locations 

 

New structural platforms for the Flare Recovery assembly located on M01 (Figure 10).  
The platform will support the ejector, piping, valves, and some instrumentation.   

Evaluation Concept 
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Figure 10: Flare Recovery Structural Platform 

 

The ejector (Figure 11), which is based on Bernoulli’s principle, utilizes the increasing 
velocity of a HP gas to create a low-pressure region within the ejector.  This low-pressure 
region entrains the LP gas and compresses that gas.  The HP and LP gas will discharge 
from the ejector at an intermediate pressure that can be accepted by the flash gas 
compressor. 

 
Figure 11: Ejector 

 

The ejector has no moving parts and utilizes an existing motive gas to gather the LP gas.  
A typical control arrangement is shown in Figure 12. 

 
Figure 12: Typical Ejector Control Setup 

 

Evaluation 
Concept 
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The Flash Gas compressor bundle assembly is located on M10 (Figure 13).  Besides the 
bundle changeout, there may be control valve and piping changes, along with 
instrumentation changes. 

 
Figure 13: Flash Gas Compressor Bundle 

 

A high integrity ballistic flare ignition system, to be considered for on-demand lighting of 
flare when needed (Figure 14).  If flaring is required, a ballistic pellet (Figure 15) will be 
fired to impact on an ignition plate that will ignite the flare gas. 

 
Figure 14: Ballistic Ignition System 

 
Figure 15: Ignition Pellet 
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11.0 Technical Safety 

As this is a significant change to two primary safety systems on the FPSO a significant 
level of effort will be required to determine technical safety aspects of the proposed 
system.   An initial hazard assessment was completed to identify risks.  Various studies 
related to active and passive fire protection will be required.  Any impacts to the hazardous 
area classification, bunding and drainage, as well as F&G detection will need to be 
evaluated.  Furthermore, a thorough review of existing regulatory requirements will also 
need to be completed to ensure compliance or alternate safeguards to be implemented.  

 

12.0 Mechanical Evaluation 

New equipment would be added to the facility with changes to standard operating 
practices.  FMECA (Failure Mode Effects and Criticality Analysis) will need to be 
completed that will feed into RAM (Reliability, Availability, Maintainability) Analysis. 

  



ERF Study - SeaRose Flare Gas Optimization  

 

WR-DVG-SY-0003  Page 16 of 19 

13.0 Order of Magnitude Cost 

An overall Order of Magnitude estimate (Figure 16) was developed based on the 
implementation of the recommended solution and includes the following scope: 

• Flash Gas Compression Upgrades 

• LP & HP Flare Recovery 

• New Flare Ignition System 

• Destruct (Minimum requirements) 

The major modifications include structural platforms, new piping reroutes for HP & LP 
Flare, ejector installation, instrumentation, new flare ignition system, and flash gas 
compressor bundle upgrade. 

 
Figure 16: Project Estimate 

The following assumptions were made to develop the above Order of Magnitude estimate: 

1. 10% allowance added to procurement cost to cover shipping/delivery to NL. 

2. Work scope is to be executed during LED in 2024. 

3. Shipping cost to LED location is not included. 

4. Local Fabrication for piping/structural deliver for installation during LED. 

5. Estimate utilizes “Yard” rate, aligned with LED estimates. 

6. 3rd Party cost based on current budgetary pricing as of March 2022. 

7. No F&G / Telecoms scope of work evaluated in this OOM estimate. 

8. Destruct scope included represents minimum required to implement the new scope 
modifications. 

9. Engineering includes the update of the various safety studies (Fire Risk Analysis, 
Blowdown Report, etc.). These studied should be completed in the next phase. 

10. No costs included for spare components. 

Description Cost (CAD $)
Engineering $1,970,000

Fabrication & Third Party $6,067,000

Materials $2,143,000

Construction $1,026,000

Total Cost $11,206,000
$5,603,000

-$3,361,800
Contingency (+50% / -30%)
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14.0 Overall Emission Reduction 

Emission reduction is estimated at 50K to 55K Te CO2e commencing in 2025. 

As shown in Figure 17, implementation of upgrades could have a cumulative reduction of 
700K to 770K Te CO2e from 2025 to 2038. 

 
Figure 17: Closed Flare Estimated Emissions Reduction 

 

Overall, this equates to a 13% to 15% reduction in GHG remissions from SeaRose when 
compared to the emissions reported for 2020 (Figure 3).  

From a practical point-of-view, this equates to removing approximately 10,000 to 12,000 
gasoline vehicles from the road per year (4.6 Te/car/yr)1. 

  

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

As announced by the Federal Government2 the Carbon Tax on GHG emissions will be 
increased by $15/Te from $50/Te in 2022 to 2030 at $170/Te (Figure 18). 

 

 
Figure 18: 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 Section13.0.   

 
The capital cost for brownfield implementation is estimated to be $11.2 million +50% / -
30% plus the cost of testing and spare parts.  The anticipated expenditure would occur 
upfront between 2022 and 2025. 

  

 
2 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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16.0 Study Output Summary 

• Technically feasible designs are available for flare recovery. 

• Preliminary designs for optimization of the flash gas compressor can accommodate 
gas handling duty and flare recovery. 

• Ejectors can be employed as a cost / weight / space efficient method to deliver the 
recovered flare gas to the flash gas compressor. 

• Planned LED can accommodate the delivery times for long lead equipment, subject to 
supply chain stability. 

• Cumulative emissions reduction is in the range of 700K to 770K Te CO2e. 

 

17.0 Conclusions 

• Based on the positive results of the technical feasibility, an economic review of the 
commercial costs 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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