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1. Introduction

A desktop evaluation of the technical and economic feasibility of using oxy-fi ring as a pathway to CO2 capture 
and sequestration (CCS) was undertaken. The technical considerations only addressed combustion and heat 
transfer aspects; production and supply of oxygen, as well as separation, compression and sequestration of 
carbon dioxide, were not considered. The evaluation was undertaken in two phases: the first phase dealt with 
technical feasibility and cost estimates for a single heater application, while the second phase looked at refinery-
wide application at two Shell refineries.

2. Next 

High fl ame temperatures generated by oxy-combustion necessitates flue gas recirculation to moderate the flame 
temperature. This has consequences on flammability and heat flux profile within the process heater. Our 
calculations indicated that the adiabatic fl ame temperature for air-combustion was closely matched by oxy-
combustion employing between 28% and 32% oxygen (the rest was assumed to be CO2 for these calculations, 
since we considered the flue gas to be de-moisturized, and returned to the heater at near-ambient temperature); 
while the heat transfer performance for air-fi ring was better matched when 25% oxygen (the rest, once again, 
was assumed to be CO2) was used. The higher emissivity of the CO2-enriched oxidant facilitated better heat 
transfer even though the flame temperature was lower. The flammability envelope (for methane), which ranges 
from about 5% to about 15% for air-combustion, shrinks to narrower range of 7% - 15%, however, for a 25% 
oxygen and 75% carbon dioxide mixture – with the implication that fl ame stability would be more of a 
challenge, and would need to be more closely monitored and controlled.

Process heater simulations indicated that for an oxidant consisting of 25% oxygen and 75% carbon dioxide (at 
near-ambient temperature), efficiency of the radiant section of the heater increased some, while the efficiency of 
the convection section decreased a little – resulting in a slight gain in overall efficiency. For a heater with a 100 
MMBtu/hr fired duty, oxy-fi ring would enable about 175 tons/day of CO2 captured. 

For our cost estimates, we considered a medium size natural draft heater with vertical cylindrical geometry, 
equipped with eight floor-mounted burners with a total firing capacity of 100 MMBtu/hr. We considered a 
retrofit using oxy-burners, supplied by the industrial gas companies; as well as employing the existing burners, 
with the needed safeguards to operate safely on oxy-fi ring mode. We worked with a reputed heater vendor to 
estimate the cost of modifications needed to the heater under both circumstances. Using existing burners offered 
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a clear cost advantage. Our rough estimate was that modifications to the heater would cost upwards of US$1 
million. The corresponding cost to retrofit a balanced draft heater is expected to be significantly less.

3. Next Sections

For refinery-wide application, we considered a Shell refinery in the USA and one in Europe. Not all the heaters 
in a given refinery were considered to be good candidates for oxy-firing: some due to congestion around the 
heater, others due to small size or remote location. Since hot flue gas recirculation was considered for all of 
these heaters, the calculated efficiency was significantly higher compared to air-firing (7% - 10% was typical). 
The refineries in the US and in Europe offered potentials for 760 Ktons/yr and 870 Ktons/yr of carbon dioxide 
captured, respectively. State-of-the-art air separation units (ASU) would be needed at both locations – one with 
3500 tons/day capacity for the US refinery and one with 4000 tons/day capacity for the refinery in Europe.

The following scenarios were considered for cost estimates on a refinery-wide basis:

- Option #1:  On-site ASU and imported power (CO2 priced in power cost)
- Option #2:  On-site ASU and on-site power (CO2 as secondary emission)
- Option #3:  Imported Oxygen and imported power (CO2 priced in both)
- Option #4:  Imported oxygen and on-site power (O2 priced in oxygen)

The lowest cost of CO2 capture was obtained for Option #4 for both refineries. The estimated cost for the four 
options ranged between US$61/ton and US$81/ton for the refinery in the US, and between US$72/ton and 
US$90/ton for the refinery in Europe. 

The next phase of the work should be a single burner test to verify fl ame behavior, heat flux profile and 
emissions; followed up with a demonstration in a multi-burner refinery heater to check on the effect of flame 
interactions, and heater performance under real-life setting in general. These steps are currently being pursued 
under CCP3 – the CO2 Capture Project, funded by seven global oil companies.  


