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5.2.5. Air Fuel Ratio (AFR) Controllers July 31, 2017 

 
Description 
An Air-Fuel Ratio Controller (AFRC) project is broadly defined as the implementation of a new engine 
control system that allows an engine to operate at a different range of air fuel ratios from that of the 
original engine design, which in turn can result in a reduction in fuel consumption. An AFRC system 
provides a rapid-response control system that delivers the proper amount of fuel for the combustion air 
taken in by the engine, depending on engine tuning, load, process gas operating conditions, and 
ambient air conditions. This improved process control results in better fuel efficiency (for the same 
amount of torque), lower greenhouse gas (GHG) emissions, and reduced emission of pollutants such as 
nitrogen oxides (NOx) and carbon monoxide. 
 
The main component of an AFRC is an electronic control system that manages the overall operation of 
the engine and the associated control valves and sensors. The AFRC kit typically includes a fuel control 
valve, fuel meter, engine manifold pressure transmitter, temperature transmitters, turbocharger waste-
gate controller (that provides air control), magnetic speed sensor, and a local operator interface display.  
The most common configuration of engine management system that has been installed in Canada is the 
REMVue® technology developed by Spartan Controls1.  
 
Typically, AFRC retrofit projects involve “rich-to-lean” conversion, where a lean-burn combustion 
condition is established within an engine previously designed to operate under rich-burn conditions. 
When the air to fuel ratio is exactly in line with the combustion reaction chemistry (a “stoichiometric” 
ratio) it results in perfect combustion and produces only carbon dioxide and water vapour. In cases 
where excess air is fed to a combustion chamber the ratio is termed “lean”, and when excess fuel is 
added the ratio is termed “rich.”  Typically, engines operating under lean-burn conditions have better 
fuel economy, while engines operating under rich-burn conditions have lower fuel economy but are 
more powerful and easier to operate. A rich-to-lean conversion can provide the best of both worlds 
using adaptive air-fuel ratio control by adding turbocharger speed control and control over the fuel 
supply to the engine. 
 
Baseline:  
Reciprocating engines are used throughout the oil and gas industry to convert fuel energy into 
mechanical energy to power loads such as compressors, pumps and generators. The baseline is the 
combustion of natural gas (“fuel gas”) in a reciprocating engine that is operating at the engine’s original 
configuration, prior to the modification of that engine with the installation of an air-fuel ratio control 
(AFRC) system.   
 
Direct GHG emissions result from the combustion of natural gas to operate the engine.  The baseline 
emissions are engine and site specific and depend on the operating characteristics and performance 
requirements of the facility. Key variables include engine make, model, operating set points, loads, 
speed (RPM), age, elevation, maintenance practices and many other factors. Engine manufacturer data 
sets (fuel consumption curves) are generally not suitable for use under the baseline condition as these 
data represent the engine’s lowest achievable fuel consumption determined under ideal conditions in 
the laboratory and typically underestimate fuel consumption in the field.  For this reason, field 
measurements are usually used to develop a baseline, using the procedure described in the Alberta 

                                                           
1
 http://www.spartancontrols.com/rem-technology/rem-technology-products/slipstream/  
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Offset System Quantification Protocol for Engine Fuel Management and Vent Gas Capture (the “AOS 
Protocol”)2. The procedure to determine engine fuel gas savings relies on direct measurement of various 
parameters to determine the brake specific fuel consumption (BSFC)3 of the original un-modified engine 
at several different set points, and then to subsequently perform the same set of measurements at the 
same set points for the modified engine.  These before and after measurements are referred to as ‘Pre-
Audits’ and ‘Post-Audits’ and are used to provide a snapshot of the fuel gas savings from the AFRC 
installation. Completing a before and after comparison helps to establish a specific performance 
baseline for a particular engine, since field fuel consumption results may vary between seemingly 
identical engine models due to subtle mechanical design differences and load variables. 

Technology Group 
Engines and Compressors – Recommended Practices 

Site Applicability 
The main opportunity to improve fuel efficiency will be at oil and gas production facilities that have 
stoichiometric4 or rich-burn engines, such as Waukesha VHP GSI series, White Superior and Caterpillar 
3500 series engines >600 horsepower in size. After successfully completing a major retrofit program, 
engineers at one major operator recommended that project evaluators focus their efforts on AFRC 
retrofits of the Waukesha L7042GSI, L5108GSI and F3521GSI engine models. Additionally, engineers at 
another major operator have determined that air-fuel ratio controller retrofits onto lean-burn engines 
are unlikely to generate significant fuel efficiency improvements.  
 
Other opportunities exist to retrofit engines to comply with upcoming NOx regulations. In these 
scenarios, retrofitting the highest NOx-emitting engines with AFRC systems can achieve fuel savings and 
regulatory compliance. Note that capital costs may be higher for projects that require expensive panel 
upgrades, but reliability will be improved by replacing obsolete pneumatic panels. 

Emissions Reduction and Energy Efficiency 
Estimating Gas Savings:  
The best way to estimate potential fuel gas savings and GHG emissions reduction is to conduct pre-audit 
and post-audit measurements of the engine at several loads and RPMs. This method allows the operator 
to develop a load map to document the engine fuel efficiency by conducting a set of short duration snap 
shot measurements of engine fuel consumption rates at different compressor loads and engine speeds.  
 

                                                           
2
 Alberta Offset System Quantification Protocol for Engine Fuel Management and Vent Gas Capture Projects (v1 

Oct 2009); 
 (http://aep.alberta.ca/climate-change/guidelines-legislation/specified-gas-emitters-
regulation/documents/ProtocolEngineFuelVentGasProjects-Oct2009.pdf) 
 
3
 The industry standard in Alberta is to present fuel consumption in terms of the brake-specific fuel consumption 

(BSFC), which is defined as the rate of fuel energy flow into an engine divided by the mechanical power produced 
by the engine. Engine performance is commonly presented as a load map showing the fuel consumption of the 
engine (in BTU/hour or kJ/hour) at various loads (in BHP or BkW) at specific engine speeds (RPMs).  
Canadian Association of Petroleum Producers (CAPP) Fuel Gas Best Management Practices: Efficient Use of Fuel 
Gas in Engines. May 2008 
4
 the chemically correct quantity of air is present in the combustion chamber during combustion 

http://aep.alberta.ca/climate-change/guidelines-legislation/specified-gas-emitters-regulation/documents/ProtocolEngineFuelVentGasProjects-Oct2009.pdf
http://aep.alberta.ca/climate-change/guidelines-legislation/specified-gas-emitters-regulation/documents/ProtocolEngineFuelVentGasProjects-Oct2009.pdf
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The AOS Protocol provides a detailed method to complete pre- and post-audits to calculate a fractional 
change in fuel consumption. The fractional change is typically calculated at several different set points 
and then “mapped” to the actual engine operating conditions (e.g. loads and RPMs) over the course of a 
year to determine the aggregate gas savings based on the measured fuel input to the engine. Essentially 
the savings equal the measured fuel consumption rate at a particular set-point times the fractional 
change in fuel consumption (as determined by the pre- and post-audits) at that same set point. 
 
On average, most rich-to-lean conversions have achieved a 5%-15% improvement in fuel savings. One 
major operator’s rich-to-lean conversion projects delivered 9%-24% improvement in fuel efficiency, 
while the addition of AFRC to lean-burn engines did not generate any efficiency gains. Fuel savings 
ranged from 0 to 50 mcfd with significant variability from engine to engine. Twenty-five rich-to-lean 
conversion projects completed by another major operator generated 28mcfd of fuel gas savings on 
average. 
 
Measurement:  
The standard measurement approach is continuous direct measurement with a dedicated flow meter 
installed on the piping that delivers the fuel gas into the engine. Meters are normally tied into a 
Supervisory Control and Data Acquisition (SCADA) system for continuous data collection, similar to 
conventional sales gas meters, and data is usually collected every 15 minutes and averaged daily. Meters 
are calibrated annually. Engine fuel gas usage must be measured on an ongoing basis to qualify for 
carbon offsets under the Alberta Offset System. 
 
Net GHG Emissions Reductions:  
The net GHG reductions from an AFR project are determined based on the fractional change in fuel 
consumption from the baseline (engine operating without an AFR) to the project condition (engine 
operating with the new AFR in place). The net GHG emission reductions are calculated based on a “pre-
audit” and “post-audit” comparison of engine brake specific fuel consumption at different engine speeds 
and engine loads. This snapshot comparison of the previous engine configuration against the new 
configuration is the basis for determining the fractional change in fuel consumption. The ongoing fuel 
consumption of the engine is monitored with continuous direct metering of the amount of fuel gas 
combusted by the engine after installation of the AFR.  
 
A simplified formula to estimate GHG emission reduction: 
Net GHG Emission Reductions = (Metered Fuel Gas Usage in m3/year) * (Fractional Change in Fuel Gas 
Usage)*(Fuel Combustion Emission Factor in kg CO2e/m3 natural gas)*(0.001 t/kg) 
 
Note that this is a simplification of the Alberta Offset System Quantification Protocol for Engine Fuel 
Management and Vent Gas Capture. The full calculation is available in the protocol document. 
 
Estimated GHG Emission Reductions:  
GHG reductions from 25 AFR projects completed in Alberta by a major operator averaged approximately 
700 tCO2e/engine/year. Some successful installations have exceeded 1,500 tCO2e/engine/year. GHG 
reductions are site-specific and depend on the type of baseline engine, the condition of the engine, the 
load on the engine, the engine speed, and other factors. 

Economic Analysis 
Capital Cost: Capital costs are highly site specific, but costs from REMVue® AFR projects 

completed by a major operator at 25 compressor stations in Alberta averaged 
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$220,000, with a range from $150k to $250k. Other projects completed by 
another major operator (39 retrofits comprised of 28 SlipStream vent gas 
capture systems and 11 REMVue engine fuel management systems) averaged 
$197,000. Since the scope of these 39 projects included vent gas capture 
equipment, the costs are not directly comparable to the other operator’s 25 
projects.  
 

Operating Cost: Operating Costs are typically lower for engines with AFRC systems relative to the 
previous rich-burn configuration, and uptime can also be improved. Quantitative 
savings should be estimated on a site-specific basis. 
 

Carbon Offset 
Credits: 

The value of carbon offsets can be significant for AFR projects using an assumed 
carbon offset value of $25/offset in Alberta. Based on the average GHG 
reductions of 702 tCO2e/engine/year achieved by the 25 Alberta AFR projects 
mentioned above, the value of the carbon offsets at $25/offset could be worth 
$17,550/engine/year. 
 

Payback, Return on 
Investment and 
Marginal Abatement 
Cost: 

Gas savings are the primary benefit from AFR projects and will be very site 
specific. Gas savings from 25 REMVue®AFR projects completed in Alberta by a 
major operator averaged approximately 28 mcfd.  At a flat $2.50/mcf AECO gas 
price, these gas savings would be worth from $25,500/year. The results from 
another operator’s 39 retrofit projects were more variable with savings ranging 
from 0 to 51mcfd. 
 
Although project economics are very site specific, it is possible to achieve 
paybacks of ~5 years from fuel gas savings and carbon offsets. However, the best 
projects will incorporate regulatory upgrades (to comply with NOx regulations) 
and involve upgrades to outdated equipment (e.g. removal of pneumatic panels 
etc.) to achieve further cost savings or compliance benefits. Without these 
additional maintenance, regulatory, and GHG-reduction benefits, most projects 
would be uneconomic on fuel savings alone at a $2.50/mcf gas price. 
 

Barriers: 

 Financial barriers - low value of fuel gas makes many projects uneconomic without carbon offsets or 

other regulatory benefits.  

 Capital costs are high when retrofitting older facilities. 

 Limited reserves life in conventional reservoirs makes it hard to justify capital expense of retrofits. 

 Unwillingness to modify proven facility designs that are reliable. 

Reliability 
AFR systems are highly-reliable and have been deployed at commercial scales by a number of large oil 
and gas producers.  Often companies can replace outdated pneumatic panels and complete upgrades to 
the compressor intercooler and the engine ignition system to further improve reliability. One operator’s 
AFRC projects achieved optimized control, easier starting, reduced downtime and included remote 
operations capabilities. Since installation of an AFRC may take 3-5 days to complete, it is worth 
piggybacking other maintenance work or upgrades into the shutdown period where possible to 
minimize downtime. 
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Safety 
It is critical to ensure that the AFRC system is properly integrated with the existing site safety systems 
(e.g. compressor safety shut down keys) and to provide proper training to operators. If a vent gas 
capture system is also installed along with the AFRC, operators must ensure that the vent gas system is 
always set to vent to the atmosphere when the engine is not operational so that gas is never introduced 
into the engine before it has been started.  It may also be necessary to complete an electrical 
assessment of the engine/compressor package and to re-evaluate the area classifications to ensure code 
compliance. 

Regulatory 
Future Regulatory Considerations:  
Both the Alberta Government and the Federal Government have announced their intentions to tax 
carbon dioxide emissions from fuel combustion. In Alberta, a carbon levy came into force effective 
January 1, 2017, but an exemption applies to “natural gas produced and consumed on-site by 
conventional oil and gas producers (until Jan 1, 2023).”5 This exemption is very significant for oil and gas 
producers since the conventional (non-oilsands) upstream oil and gas industry consumes approximately 
7% of the natural gas produced in the province to power its operations. Approximately 60% of that gas is 
used to fuel engines. 
 
From 2021 to 2026, the Federal Canadian Multi-Sector Air Pollutants Regulations (MSAPR) will be 
phased in to set limits for NOx emissions intensity for new and pre-existing reciprocating engines that 
have a rated brake power of >75kW. A rich-to-lean conversion using an AFRC is a good alternative for 
reducing NOx emissions from rich-burn engines versus installing an exhaust after-treatment system such 
as a three-way catalyst, which would serve to increase operating costs and increase fuel usage.  
 
AFR projects can be an excellent solution to improve energy efficiency by reducing fuel gas consumption 
from engines and to control NOx emissions to meet regulatory compliance. Once on-site fuel gas usage 
in the conventional oil and gas sector does become subject to the Alberta carbon levy in 2023 (or if it 
becomes subject to a federal carbon tax), there will be an even greater incentive for producers to 
improve engine fuel efficiency. 
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