
By January 2019, US petroleum refiners will need to 
comply with new US Environmental Protection 
Agency (EPA) flare stack combustion rules that include 
additional monitoring and analysis requirements, 

making it necessary for operators to quickly and accurately 
determine the heat values of flare stack gases.

Refiners are vetting various technologies for analysing and 
monitoring flare stack gases to narrow the field of applicable 
technologies. Among them is mass spectrometry, which offers 
several significant advantages in terms of accuracy, reliability, 
and ease of maintenance and operation.

Petroleum refineries generate waste gases that need to 
be controlled safely, economically and in a manner that 
protects both the environment and public health. Because 
not all waste gas can be eliminated or recovered, various 
technologies have been used to reduce their impact on the 

environment. Among the most effective and commonly used 
technologies is flaring.

Through its inspection and enforcement programmes, the 
EPA has identified numerous instances in which flares have 
been improperly operated and monitored. The results are 
lower combustion efficiencies and the possible release of 
excess emissions, including potentially harmful pollutants. 

The EPA is working to improve flare combustion 
efficiencies and devoting significant resources to correcting 
regulatory non-compliance of flares. The EPA expects its new 
rules will virtually eliminate smoking flare emissions and upset 
emission events. Refineries are required to monitor emissions 
from key sources within their facilities and around their fence 
lines. When fully implemented, the tighter rules are expected 
to yield a reduction of 5200 tpy of toxic air pollutants and 
50 000 tpy of volatile organic compounds. 
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outline how mass spectrometry 
determines flare gas heat values.
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Flares are specifically designed to combust gases. Many flares 
employ steam or air to promote the mixing of oxygen within the vent 
gas to ensure efficient combustion without smoke. Many parameters 
affect combustion efficiency. Among the most important is the heating 
value of the gases to be combusted. Determining the heating value of 
the gas has been shown to correlate well with combustion efficiency. 

Additionally, federal regulations require that flare gases contain at 
least 300 Btu/ft3 for an air or steam-assisted flare and 200 Btu/ft3 for 
an unassisted flare, at all times. When that heating value is not met by 
vent gas alone, supplemental or make-up gas, such as natural gas, must 
be added to the gas stream to ensure complete combustion. Along 
with those costs, there are other costs involved with running a flare gas 
system inefficiently or in non-compliance. 

The penalties for violating federal flare gas requirements can be 
severe. Flue gas violations may result in fines under the Clean Air Act of 
up to US$37 500/d per violation, and the knowing violation of a flare 
requirement may subject an individual to criminal prosecution, 
including fines, imprisonment or both. 

In addition, the EPA is committed to public reporting and 
transparency. It plans to track monitoring data from refineries in a 
database open to the public. Along with that, there are incentives for 
refineries to take corrective action quickly. Improved flare combustion 
efficiency is expected to yield cost savings due to reduced steam usage. 

Venting gas heating values are important because sufficient 
combustible material must be continuously present to ensure flame 
stability and to achieve high combustion efficiencies. Problems may 
occur, especially if a single flare is used to control a variety of streams 
or vent gas with varying components. Operators need to evaluate vent 
gas heating values not only continuously, but for the full range of 
operating scenarios to ensure compliance with heating value limits.

To do that, refiners can use one or a combination of technologies. 
AMETEK’s process mass spectrometer is one of the technologies under 
consideration. Among the most common is a zirconium dioxide-based 
calorimeter. The principal advantage of this technology is refiners’ 
familiarity with it. Calorimeters are widely used to determine the Btu 
value of fuel gas. That gas, however, is typically low in sulfur and 
hydrogen content, while refinery flare gas is typically high in both sulfur 
and hydrogen. 

In addition, the calorimeter’s effectiveness is limited when 
hydrogen and sulfur are present in the gas stream. The calorimeter’s 
zirconium oxide detector is subject to sulfur contamination, which can 
be an issue with practically every flaring event. 

Calorimeters also cannot be used when there are high 
concentrations of hydrogen in the gas stream. Solutions for dealing 
with those limitations can add cost and create additional complications 
for a system needed to maintain refinery operation and required to be 
in compliance at all times.

Gas chromatography is another technology that most refiners are 
familiar with. Many refineries already have gas chromatographs 
equipped to their gas flares. However, chromatographs are slow, with 
long cycle times, making them unsuitable for real-time control of steam 
and make-up gas mixtures.

A third method, mass spectrometry, has undergone successful field 
demonstration vs competitive technologies. That testing, conducted at 
a leading Southern California refinery, demonstrated that a mass 
spectrometer can provide more detailed and relevant data than gas 
chromatography, and its Btu numbers were equivalent to those 
provided by a calorimeter, but with greater specificity.

The mass spectrometer offered the speed and specificity necessary 
to accurately calculate the appropriate amount of supplemental gas for 
complete gas combustion. It was set up to monitor and quantify 

Table 1. Fast, accurate determination of 
flare gas heat value by process mass 
spectrometry (MS)

Sample 
no.

Calculated 
by MS 
(Btu)

Measured in 
laboratory 
(Btu)

Calculated/
measured

556989 807 790 102%

557114 862 843 102%

557241 765 757 101%

557342 1552 1463 106%

557425 872 834 105%

557660 872 834 105%

557793 1702 1697 100%

557942 904 894 101%

558024 785 777 101%

558150 1062 1049 101%

558165 817 805 101%

558524 1041 1019 102%

558615 336 329 102%

558755 887 866 102%

558856 788 766 103%

558894 756 737 103%

558993 699 686 102%

559103 1212 1180 103%

559252 760 747 102%

559370 950 923 103%

559441 891 880 101%

559523 741 732 101%

559651 1138 1096 104%

559780 649 644 101%

559857 673 667 101%

563307 730 712 103%

599490 211 192 110%

599491 158 143 111%

599492 770 748 103%

599637 809 787 103%

599648 262 244 107%

669163 742 738 100%

719002 808 800 101%

719186 904 895 101%

725811 914 904 101%

767398 1025 1018 101%

767399 1011 1004 101%

767406 1022 1015 101%

768152 934 927 101%

768157 982 975 101%

769085 1026 1018 101%

771240 990 987 100%

Average 102%

Based on this simulation of the instrument response, 
staying within the required specification of ±15% seems 
an achievable goal



16 components in the flare gas stream, including H2, N2, 
methane, ethane, propane, n-butane, i-butane, and pentanes, 
among others. Taking advantage of its analysis speed, the mass 
spectrometer was able to obtain a calculation in less than 
10 seconds, which is faster than using a chromatograph.

Raw data from the mass spectrometer was collected using 
ASTM method D 2650-04 (Standard Test Method for chemical 
composition of gases by mass spectrometry) to calculate the 
concentrations of individual gas components. The resulting 
concentration data was then converted into the flare gas heat 
value as described in ASTM D3588-98 (Standard Practice for 
calculating heat value, compressibility factor and relative 
density of gaseous fuels).

The FlarePro quadrupole process mass spectrometer used 
to conduct the field demonstration had the following 
specifications:

 n Stainless steel enclosure (general 
purpose or C1, D2 area 
classification).

 n 1 – 100 atomic mass unit (amu) 
mass range.

 n 24-valve inlet system.
 n Dual electron multiplier/faraday 

plate detector (10 ppm to 100% 
detection).

 n Thermoelectric cooler (TEC) cooling.
 n Process 2000 software for method 

creation and auto calibration.
 n 24 in. footprint, which fits the same 

space as the gas chromotograph.

By modifying the standard process 
mass spectrometry method of analysis 
slightly, the mass spectrometer 
provided fast and accurate Btu content 
measurement, even when confronted 
with a widely changing flare gas stream. 
The analysis technique allowed for a 
reduction in calibration complexity, 
while still providing data that fell 
comfortably within the specified error 
band.

The principle behind this method 
was to identify the interference-free 
components (H2, H2S, hexane) first and 
then to use those values to correct the 
ion currents for those components that 
experience interference. For example, 
to subtract the hexane interference 
from the pentane current, then the 
hexane and pentane interference from 
the butane currents and so forth. All of 
the calculations were performed 
automatically by the instrument’s 
software.

It should be noted that the 
calculation method described here, and 
specified in the ASTM method, differs 
from the standard ‘matrix 
deconvolution’ method commonly 
used by process mass spectrometers. 
Matrix deconvolution works by 

inverting a matrix that describes the contribution of each 
component to the individual ion currents. 

The method described here and in ASTM D2650-04 works 
in a sequential fashion, moving from the better known 
components to those with heavy interferences. While matrix 
deconvolution gives excellent accuracies, as long as the stream 
concentrations do not differ too much from the calibration 
blend used to establish the matrix, the method used in this 
demonstration is much more robust for the rapidly changing 
composition of the streams typically found in flare stack gases.

Several components (the butenes, pentanes and any 
hexanes) were combined measurements since they are difficult 
to speciate by process mass spectrometry. Fortunately, the Btu 
values within each group are very similar, so that no significant 
error is introduced for the measurement at hand.
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The real-time, field-stream data collected, using the 
modified analysis method described above, verified the 
accuracy of the mass spectrometer’s response over a wide 
range of Btu values (Table 1). The instrument’s performance 
under test indicated that it could achieve the required 
specification goal of ±15%. 

Accuracy of the method
Based on real field stream data, and using the modified analysis 
method described above, AMETEK verified the response of the 
mass spectrometer over a wide range of Btu values (Table 1).

By adapting the standard method of analysis slightly, the 
FlarePro provides a fast, accurate Btu content measurement 
even when confronted with a changing flare gas stream. The 

analysis technique allows for a reduction in calibration 
complexity, while still providing data that falls comfortably 
within the specified error band.

There are other advantages to using a process mass 
spectrometer for determining flare gas heat values. The 
instrument’s software makes for easy setup, operation, and 
calibration. Its modular design and self-diagnostic capabilities 
make maintenance easier and significantly reduces the 
amount of downtime a unit might experience. In addition, 
the unit features advanced alarm and automation capabilities 
that further ensure its reliability and extend its practical 
application.

Refiners should consider other factors when selecting the 
right technological solution for this application. The selection 
criteria should include the manufacturer’s capabilities and 
experience in process analysis.

Conclusion
The US EPA has tightened regulatory requirements on refinery 
flare gas with the goal of reducing potentially harmful 
emissions through improvements in flue gas operating 
practices, including better control and monitoring of 
supplemental gas, air and steam.

Among the technologies under consideration is process 
mass spectrometry. This technology performed well against 
competitive technologies, offering a number of advantages. 

AMETEK has demonstrated that by modifying the standard 
method of analysis slightly, it was able to use mass 
spectrometry to provide fast and accurate Btu content 
measurement. 

Figure 1. AMETEK FlarePro process mass spectrometer.


