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Combustion Efficiency of 
Flares

Accepted by EPA for combustion 
efficiency of 98% plus



Federal Regulatory 
Requirements For Achieving 
98% CE Are Defined In 40 

CFR 60.18



Summary of 40 CFR 60.18 
Requirements

• Proven Constant Flare Pilot
• 200 btu/scf Minimum LHV for non-

assisted Flares
• 300 btu/scf Minimum LHV for Steam or 

Air Assisted Flares
• Exit Velocity Limitation per Formula for 

Non Startup, Shutdown, or Malfunction 
Operating Flare Cases



Basis of Flare 98% CE

• EPA / CMA Joint Testing Program in 
1982 (propylene / nitrogen / ng
mixtures)

• EPA / EER Testing Program in 1984 to 
1986 (h2s / propane / nitrogen mixtures)

• EPA / Dupont testing Program in 1997 
(hydrogen influence)



EPA / CMA Testing
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Types of Flares Tested

Air Assisted



EPA / CMA Test Equipment

• Nominal 8 Inch Steam Assisted Flare 
Tip

• Nominal 4 Inch Air Assisted Flare Tip
• Two (2) Nominal 300,000 Btu/Hr Pilots 

per Tip
• No Center Steam Injection
• 7.5 HP Air Blower



CMA Test Summary



Average Qualified CE For 
Different Flare Types:    

• Non-Assisted Flare from CMA Testing:
99.6%

• Steam Assisted Flare from CMA 
Testing: 99.7%

• Air Assisted Flare from CMA Testing:
99.6%



EPA / CMA Test Conclusions



CMA Test of Sonic Flare

• Test # 81
• Sonic Velocity Flare Tip
• Propylene Gas 
• 99.8% Combustion Efficiency



EPA / EER 
Flare Testing



Basic EPA / EER Testing 
Goals

• Expand on Results From Previous Flare 
Testing

• Include For Additional Gas Types
• Analyze Commercial Flare Tips
• Improve on Test Methodology
• Develop Screening Facility



EER Flare 
Screening 

Facility



Flare Screening Facility Test 
Results



EPA / EER Testing Key 
Observations



Common Results for All 
Testing Programs

• CE impacted by lower heating value of 
mixture being flared

• Flare tip must have constant pilot
• CE always high for stable flames
• CE for low heating value gases impacted by 

exit velocity
• 98% Plus CE Achievable for Flares



Key Factors in Maintaining Flare 
Efficiency

• Maintain Proper Mechanical Condition 
of Flare Tip

• Maintain Proper Mechanical Condition 
of Flare Pilots

• Ensure Proper LHV of Gases Flared
• Ensure Proper Steam or Air Control



Mechanical 
Condition



Impact of Steam injection

• Steam to HC Ratios 
of 3.5 to 1 or Less 
Had 98% Plus CE

• Steam to HC Ratio 
of 5.8 to 1 Had 82% 
CE

• Steam to HC Ratio 
of 6.7 to 1 had 69% 
CE 



Steam Control Methods

• Flare Gas Flow Measurement and Ratio 
Control

• Optical Analysis of Flare Flame with output to 
Steam Controller

• Manual Adjustment of Steam Flow for 
Smokeless Flame

• Radiant Temperature Measurement for 
Steam Control



Flare Gas Flow Measurement 
Options

• Ultrasonic Insertion 
Type

• Thermal Mass Flow 
Insertion Type

• Orifice Plate
• V-cone Orifice 

Device
• Annubar Device
• Vortex Meter
• Turbine Meter



Optical Flame Analysis

• Grade Mounted Unit
• Measures Infrared 

Energy from Carbon 
Particles

• Controls Steam Injection 
to Set Point

• Can Be Affected by Fog, 
Snow, Rain, Etc.



Steam Flow Control Valve 
Sizing



Steam Flow Control Valve 
Sizing



Steam Assisted Flares

• Proper Steam 
Control is Critical to 
CE

• Significant 
Reduction in CE 
when Oversteamed



Examples of Oversteamed Flares



Air Assisted Flares

• Air Control is 
Critical to CE

• Reduction in CE is 
Similar to Steam 
Flare for Over 
Aeration



Typical Flare Pilots

Older Style
• 250,000 Btu/hr Plus
• High Stability
• Flame front 

generator or Electric 
ignition

• 1 or 2 
Thermocouple

• Retractable 
Thermocouple

Modern Unit
• 75,000 Btu/hr or 

Less
• High Stability
• Flame front 

generator or Electric 
ignition 

• 1 or 2 
Thermocouple

• Retractable 
Thermocouple



Stable, Sonic Flare

• 99% Plus 
Combustion 
Efficiency



Stable, Air Assisted Flare

• 99% Plus 
Combustion 
Efficiency



Stable, Smoking Flare

• 99% plus combustion efficiency



Stable, Smokeless Steam 
Assisted Flare

• 99% Plus Combustion Efficiency



Unstable, Sonic Flare
• 70% Or Less Combustion Efficiency



Oversteamed Flare

• 70% Or Less Combustion Efficiency



Unburned HC Emissions

• Continuous Smaller Flows Impact Total 
Yearly Emissions

• Emergency or Infrequent Relief’s Have 
Smaller Impact on Yearly Totals



Tons per Year UHC vs. Flare 
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Summary

• Elevated Flares can Achieve 99.5% 
Plus CE When Properly Sized, 
Maintained and Operated

• Unburned HC Emissions can be 
Significant from Improper Operation


