
Reprinted from June 2019HYDROCARBON 
ENGINEERING

T his is the first of a two part article describing the 
recent changes to flare emission regulations in the 
US refining industry and their impact on flare 
operation and design. This first part will discuss the 

background of these regulations, and the operating and 
monitoring requirements that must be considered in order to 
comply with them. 

More people, more cars, more industry, more 
development – this has been, and continues to be, the 
worldwide trend. Increased emissions have had an equally 
abrupt upswing in environmental impact and regulation. The 
combustion of fossil fuels is the primary source of these 
emissions and the regulatory focus has long been on 
improvements to point source emissions for cars, furnaces, 
and incinerators, among others.

In the US, recent findings showed that measurement of air 
pollutants in highly industrialised areas have been higher than 
expected and investigations were launched by the US 
Environmental Protection Agency (EPA) to investigate the source 
of the pollutants. The EPA concluded that flare emissions were 
most likely to be a contributor to the higher than expected 
pollutant levels and has issued new regulations to try to reduce 
pollution. These new regulations took effect for refineries in the 
US in January 2019 and the build-up to their implementation has 
already changed the landscape for current and future flare 
design, operation, and monitoring requirements. Other 
industries, namely the petrochemical industry, are expected to 
soon follow with similar requirements. If history shows anything, 
the learning and environmental benefits gleaned from these 
requirements will soon spread to other parts of the world.

Kevin Leary, Zach Kodesh and John Ackland, John Zink Hamworthy Combustion, 
examine the impact of recent environmental regulations on flare control.
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Why is a flare needed at all? 
Flares are used for the safe and effective disposal of 
hydrocarbon waste gases (flare gases) as part of the pressure 
relief system in an industrial plant. Flare systems should be 
designed to safely combust all the flare gases while maintaining 
the back pressure in the relief system within the allowable 
design while producing safe levels of flare radiation and gas 
dispersion.

The effectiveness of the flare system relies on providing 
stable combustion of the flare gases with acceptable levels of 
smoke production and high combustion efficiency. Typically, 
most elevated flares utilise either steam-assisted or air-assisted 
flare tips to prevent the formation of smoke from the flare. 
Proper control of steam or air injection is required to ensure 
smokeless flaring of hydrocarbons. The amount of steam or air 
assist medium required depends on many factors including the 
flare gas flow rate, flare gas composition, design of flare tip, size 
of flare tip, wind conditions, etc. 

The stability of the flame must also be maintained to ensure 
good destruction efficiency. The net heating value of the flare 
gas must be maintained at some minimum value to ensure a 
stable flame. Flare gas streams that are highly diluted with inert 
gases can often have insufficient heating value and require 
enrichment with supplemental gas to maintain a stable, efficient 
flame.

Historically most flares operated in refining and 
petrochemical industries in the US have been required to be 
designed and operated within the requirements listed in the 
US EPA 40CFR60.18 regulations (60.18), which requires that all 
flares be operated with no visible emissions except for periods 
not exceeding a total of 5 min. in any 2 hr period. The 
regulation establishes a flare vent gas minimum heating value 
that must be maintained for all flares regulated by this rule 

(200 Btu/ft3 for non-assisted flares and 300 Btu/ft3 for 
steam-assisted and air-assisted flares). 

This regulation also establishes a maximum allowable exit 
velocity (Vmax), as a function of the net heating value of the 
flare gas, at which a flare can operate. There are two separate 
equations in the existing regulation that define this maximum 
velocity; one equation that is applicable for air-assisted flares 
and another equation for steam-assisted or non-assisted flares. 
The basis for these maximum velocity equations is flare 
emissions data collected during tests in the 1980s. 

Testing over the last 10 years by the EPA and other 
regulators has resulted in a reevaluation of the rules governing 
flare operation. This testing included the TCEQ 2010 Flare Study, 
which was conducted on full size steam and air-assisted flares at 
the John Zink Company research facilities in Tulsa, Oklahoma, 
US. This test focused on the measurement of hydrocarbon 
destruction efficiency at turndown conditions at varying steam 
assist and air assist injection rates and it concluded that flares 
operating at high turndown can produce high destruction 
removal efficiency (DRE) with the right amount of steam or air. 
Conversely, the test also demonstrated that a flare can have a 
low DRE (under 98%) under conditions of over-steaming or 
excessive aeration.

There were also several field studies conducted on actual 
operating flares in refineries using various imaging technologies 
and remote optical monitoring techniques that concluded that 
over-steaming flares could reduce DRE. The EPA issued an 
enforcement alert in August 2012 which summarised 
recommended operating practices to prevent excessive 
emissions that can be created by over-steaming or over-aerating 
assisted flares.

Refinery sector rule
The data obtained in these tests partially contributed to revised 
EPA regulations in 40CFR63.670 to establish new maximum 
achievable control technology (MACT) requirements for the 
operation of flares in all affected refineries in the US. 

40CFR63.670, also known as the refinery sector rule (RSR), 
supersedes the requirements of 40CFR60.18 and establishes 
more stringent design and operating requirements for refinery 
flares that had to be implemented by 30 January 2019. This rule 
imposes significant new requirements for the operation, 
monitoring, reporting and record keeping associated with flare 
operation.

Although the new MACT requirements in the RSR currently 
only apply to flares operated in refineries, it is expected that 
very similar regulations will be promulgated in the near future to 
apply to other industries including the petrochemical industry.

New operating parameters
The RSR introduces two new operating parameters associated 
with the operation of flares. The new parameters are the Net 
Heating Value of Combustion Zone (NHVcz), and the Net 
Heating Value Dilution Parameter (NHVdil). The NHVcz is 
intended to define the heating value of the combustion zone 
gas just prior to combustion including the dilution effect of 
assist steam and premix assist air that is injected into the 
flare tip. The NHVcz applies to all flares: steam-assisted, 
air-assisted, and non-assisted. The NHVdil is a parameter that not 
only accounts for flare gas heating value but also assist steam, all 

Figure 1. TCEQ 2010 Flare Study testing at John Zink 
Company in Tulsa, Oklahoma, US.
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assist air, and the diameter of the tip. The NHVdil applies to all 
air-assisted flares but not to most steam-assisted flares.

Qvg x NHVvgNHVcz =
(Qvg + Qs + Qa,premix )

Qvg x Dia. x NHVvgNHVdil =
(Qvg + Qs + Qa,premix + Qa,perimeter )

Where: 
NHVvg = net heating value of flare gas. 
Qvg = volumetric flow of flare gas.
Qs = volumetric flow of steam.
Qa,premix = volumetric flow of premix assist air.
Qa,perimeter = volumetric flow of perimeter assist air.
Dia. = effective diameter of the flare tip.

The RSR abandons the minimum heating value rules of 
40CFR60.18 which were based solely in the heating value of the 
flare gas entering the flare tip. The RSR requires that one or both 
parameters, NHVcz and NHVdil, be monitored and controlled. 
The NHVcz parameter must always be maintained at or above 
270 Btu/ft3. The NHVdil parameter, when it applies, must be 
maintained at or above 22 Btu/ft3 during all periods that 
perimeter assist air is used.

This requires the operator to monitor the flare gas flow 
rate and monitor/control the flare gas net heating value and 
assist steam/air rates to ensure compliance with the new 
operating parameter(s). All steam and air-assist flares require 
some minimum steam or air flow rate to prevent overheating 
and damage to the flare tip. It is during periods when the assist 
media is above the flow rate needed for smokeless 
combustion that the probability of violating an operating 
parameter increases. The RSR uses 15 min. block averages for 
calculating NHVcz and NHVdil. 

It is worth noting that hydrogen receives special treatment 
in the RSR. The existing 40CFR60.18 rules allow for an alternate 
(potentially higher) maximum flare gas velocity for 
non-assisted flares containing greater than 8% by volume 
hydrogen. This acknowledges the fact that, although hydrogen 
has a relatively low net heating value (274 Btu/ft3), it does an 

excellent job in contributing to the stability and combustion 
efficiency of hydrocarbon flames. The RSR assigns hydrogen a 
pseudo net heating value of 1212 Btu/ft3 that can be used in 
the calculation of NHVcz, NHVdil, and the maximum allowable 
flare tip exit velocity. The caveat for using the 1212 Btu/ft3 
hydrogen LHV is that the amount of hydrogen in the flare vent 
gas must be known.

New monitoring requirements
The RSR establishes a minimum amount of monitoring that all 
refinery flare operators must maintain when operating a flare. A 
summary of these new monitoring requirements includes the 
following:

The flare gas volumetric flow rate must be measured, 
calculated and recorded continuously, as well as any 
supplemental fuel gas used. Additionally, the steam and 
air-assist media flow rate must be measured, calculated and 
recorded continuously. Note that the rule does allow 
measurement of air blower speed or power along with fan 
curves as a suitable method for measuring volumetric air assist 
flow rate.

The flare gas composition and/or net heating value must 
also be measured. If flare gas composition is used it is required 
to measure (at least once every 15 min.), calculate and record 
the individual component concentrations present in the flare 
gas. This is typically done by using continuous gas 
chromatography or mass spectroscopy. The regulation also 
allows for use of grab-samples every 8 hr in lieu of continuous 
measurement. If a grab sample is used, this sample must be 
assumed constant for all the 15 min. intervals between each 
8 hr grab sample. If a grab sample is taken when a particularly 
low BTU flare gas mixture is present, this could require the 
operator to use large amounts of supplemental fuel gas for 
the subsequent 8 hr period to meet the minimum NHVcz 
requirement. The rule does include exceptions to gas 
composition measurement when the operator can document 
that the flare only operates with ‘purchase pipeline quality’ gas 
and other consistent composition flare gas streams.

Alternately, the operator can measure the flare gas net 
heating value in lieu of gas composition. In this case the 
operator must operate, calibrate and maintain a calorimeter 

Figure 2. Smoking flare (left), well operated steam flare at incipient smoke point (centre), and snuffed flare (right).
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capable of continuously measuring, calculating and recording 
the NHV of the flare gas at standard conditions. Since heating 
value measurement does not allow correction of the NHVcz for 
hydrogen content, the operator may choose to operate, 
calibrate and maintain an analyser capable of continuously 
measuring, calculating and recording the hydrogen 
concentration in the flare gas in order to take advantage of the 
pseudo hydrogen heating value.

The RSR also includes new visible emissions (smoke) 
monitoring requirements. Under this rule the operator must 
perform, at least once per day that regulated material is sent to 
the flare, Method 22 visual emissions monitoring for a 5 min. 
period and immediately any time an operator sees visual 
emissions. Alternately the operator may use a video surveillance 
camera to continuously record (at least one frame every 15 sec. 
with time and date stamp) images of the flare flame suitable for 
visual emissions observations and provide continuous real time 
video to the control room. This data must be saved for a 
minimum 3 year period (over 6.3 million images).

There are flare pilot flame monitoring requirements in the 
RSR that are similar to 40CFR60.18 requirements, however, the 
RSR states that it is a violation for each 15 min. block period in 
which no pilot flame is present for at least 1 min. This increases 
the need for the operator to ensure that the pilot flame 
monitoring systems are very reliable as well as the pilot itself.

Conclusion
This concludes the first part of this two part article. Part two, 
which will be published in a later issue of Hydrocarbon 

Engineering, will look at how the new operating parameters and 
new monitoring parameters described in part one are actually 
implemented and affected by different flare technologies. 
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