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Microbial enhanced oil recovery using N2 biogas 
Microbial metabolism in oil reservoirs generates biogas that can play a role in enhanced oil 
recovery (EOR). Among the many different biogas options that microbes can produce, nitrogen 
(N2) offers both economic and environmental benefits. For oil recovery, N2 has similar properties 
to other non-condensable gases, such as methane, without being a greenhouse gas. EOR using 
N2 biogas generation can lower the emissions per barrel of oil production. In oil sands produced 
by steam-assisted gravity drainage (SAGD), Cyclic Steam Stimulation (CSS) or other thermal 
production methods, N2 generation by thermophilic bacteria can significantly lower an operation’s 
steam-to-oil ratio. This achieves microbially enhanced thermally engineered oil recovery 
(METEOR). 

Increased production with lower emissions per barrel 
The figure below illustrates how METEOR works, using a SAGD example. Thin layers of 
interbedded oil sands (yellow) and mudstones (grey) above SAGD steam chambers can contain 
over half of the resource in oil sands reservoirs. Since these zones are inaccessible to steam and 
don’t drain efficiently, they are often underproduced or stranded assets. The mudstone layer 
above the steam chamber acts as a barrier to rising steam but enables slow conductive heating 
of the overlying strata. These strata heat up to temperatures that are ideal for activating 
mesophilic (20-50°C) and thermophilic (50-90°C) microbes (i.e., from ‘dormant’ white ovals to 
‘active’ green rods; depicted below). Activated microbes produce biogas, whereas without heat 
these cells stay dormant and do not contribute to oil recovery. 

 
Biogas production in the reservoir is accelerated by providing microbes with nutrients (panel C, 
above). Dissolving nutrient cocktails at elevated temperature increases solubility so that higher 
nutrient concentrations can be added, resulting in faster microbial conversions and N2 biogas 
build-up. 
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Conductive heating and microbial activity in heavy oil reservoirs 
Other oil reservoir types with unproduced zones that undergo conductive heating are also suitable 
for METEOR. In thermal oil recovery scenarios the heat required for temperature-activation of the 
microbes is typically provided by the steaming process. METEOR can also be applied to produce 
conventional reservoirs by injecting nutrients dissolved in warm water to activate dormant 
microbes to produce N2 biogas. METEOR can also be used in conjunction with other EOR 
technologies (e.g., solvents). 

Benefits of N2 biogas for enhanced oil recovery 

• N2 has free-phase properties that are comparable to other non-condensable gases (CH4) that 
are routinely used in heavy oil recovery. N2 solubility is similar to CH4 and lower than CO2. 

• Microbial denitrification (conversion of nitrate to N2) is a well understood process and is very 
fast. It occurs within a few days in oil sands incubated at 50°C with appropriate nutrient 
amendment. 

• Nitrate salts (e.g., NaNO3) are highly soluble in warm nutrient cocktails. 

• Microbial conversion of liquid nitrate into N2 biogas can generate up to a 40x volume increase 
in heated zones, where biogas helps produce warm, lower viscosity oil that flows more easily. 

• Nitrate is a well-understood additive commonly injected into oil reservoirs for H2S control. 

• N2 is climate friendly. Unlike CH4, a commonly used non-condensable gas, N2 poses no climate 
related risks stemming from potential fugitive emissions. 

• Lab tests using flow-through columns confirm that stimulating denitrifying bacteria from oil 
sands produces significant N2 biogas that displaces oil from cores. 


