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Abstract: This research paper presents a comprehensive study on measuring methane combustion 
products in industrial degassing flares, addressing critical environmental and regulatory compliance 
requirements in the oil and gas sector. The study was motivated by stringent new regulations, 
including the European Union’s Methane Regulation (2024/1787) and Oil & Gas Methane 
Partnership  2.0 (OGMP2.0) guidelines, which mandate a minimum 99% methane destruction 
efficiency for flares and require experimental determination of destruction coefficients. The authors 
investigated two complementary measurement techniques for determining flare combustion efficiency: 
direct gas sampling and passive Fourier Transform Infrared spectroscopy (pFTIR). The experimental 
work was conducted using an Esders degassing flare. The pFTIR method utilized a Mini HyperCam 
Telops imaging FTIR spectroradiometer. This remote sensing approach analyzed thermal radiation 
emitted by hot combustion gases, eliminating the need for physical access to hazardous flare 
locations. Both measurement techniques successfully verified high methane destruction efficiency 
exceeding the 99% regulatory threshold. The direct gas sampling method achieved a destruction 
efficiency of 99.09%, while the pFTIR approach demonstrated 99.77% efficiency. The relative 
difference between methods was minimal at 0.66%, indicating strong correlation and reliability.  
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1. Introduction

The measurement and monitoring of flare gas combustion effi-
ciency represents a critical task in contemporary environmen-
tal protection and regulatory compliance within the oil and 
gas sector. Flares serve as essential safety devices designed to 
combust waste gases, including methane, thereby preventing 
the direct release of hazardous and climate-impacting compo-
unds into the atmosphere. However, incomplete combustion in 
flares can lead to the emission of unburned methane and other 
harmful byproducts, significantly contributing to greenhouse 
gas emissions and air pollution.

Recent regulatory developments have established stringent 
requirements for methane emission reductions and flare per-

formance verification. The European Union’s Methane Regula-
tion (2024/1787) [A1] imposes significant limitations on flaring 
practices, permitting their use only when technical alternatives 
for gas utilization are unavailable or in safety-critical situations. 
Crucially, flares utilized for waste gas disposal must demonstrate 
a minimum methane destruction efficiency of 99%, with opera-
tors required to provide annual reporting of emission quantities, 
including those from incomplete combustion processes.

The Oil & Gas Methane Partnership 2.0 (OGMP2.0) guide-
lines serve as the primary technical framework for compliance 
with methane regulations, establishing Level 4 requirements that 
mandate experimental determination of destruction coefficients 
rather than relying on default literature values. These regula-
tions emphasize the need for reliable, accurate, and standardi-
zed measurement methodologies to quantify methane emissions 
from incomplete flare combustion [A2].

The global significance of flare monitoring becomes appa-
rent when considering the scale of flaring activities worldwide. 
The International Energy Agency estimates that approximately 
140  billion cubic meters of natural gas are flared globally each 
year, representing a major source of CO2 emissions, methane, 
and black soot. This volume of flaring has environmental impli-
cations equivalent to the emissions from millions of automobiles 
annually, highlighting the critical importance of accurate effi-
ciency measurements [1].
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Despite the global importance of flaring reduction, current 
data on flare combustion efficiency from full-scale industrial 
flares operating under varying environmental conditions remain 
limited. This scarcity stems from the complex nature of flare 
combustion processes, which are influenced by multiple factors 
including fuel composition, flare design, wind effects, and ope-
rational parameters. Recent studies have demonstrated that 
actual methane destruction efficiency of flaring from upstream 
oil operations may be significantly lower than the commonly 
assumed figure of 98% [1].

Traditional measurement techniques face significant challenges 
related to sampling representation, accessibility, and detection 
limits, particularly for elevated or mobile flare systems [A3]. The 
complexity of obtaining representative samples from flare plu-
mes, combined with the need for real-time monitoring capabili-
ties, has driven the development of remote sensing technologies 
and advanced analytical approaches.

Optical Gas Imaging (OGI) cameras (e.g., FLIR) are incre-
asingly used for leak detection and qualitative visualization of 
hydrocarbon plumes. However, their output is typically not 
directly traceable to absolute gas concentrations and does not 
provide multi-component information on combustion products 
required for destruction efficiency determination. Therefore, OGI 
measurements were not used as a quantitative reference in this 
study; the work focuses on extractive sampling and quantitative 
pFTIR spectroradiometry as recognized in OGMP2.0 guidance.

Regarding the measurement of methane emissions from gas 
combustion processes in flares and the determination of com-
bustion efficiency, OGMP 2.0 has developed the Technical 
Guidance Document – Flare Efficiency. This document establi-
shes that at Level 3, methane emissions from flare gas combu-
stion can be estimated based on the following data:

	− The volume of gas burned, obtained through direct measu-
rements or mass and/or volume balance calculations,

	− The gas composition determined by direct measurement, 
mass balance, or simulations,

while assuming a 98% methane destruction efficiency. This 
means that 2% of the methane contained in the gas is assumed 
to pass through unburned to the atmosphere, rather than being 
oxidized to carbon dioxide or other combustion products.

For Level 4 emissions quantification, OGMP 2.0 requires 
measurement-based methane destruction efficiency applied thro-
ugh representative sampling, considering system configurations, 
environmental and operating conditions such as flare type, flare 
size, heating content of the gas, gas flow, and wind conditions. 
The guidance document recognizes various measurement techni-
ques for destruction coefficient determination, including passive 
optical techniques such as Video Imaging Spectral Radiometry 
(VISR) and passive Fourier Transform Infrared spectroscopy 
(pFTIR), as well as active optical techniques like open-path 
FTIR (OP-FTIR) and Differential Absorption Lidar (DIAL).

Passive FTIR analysis operates on the principle of spectral 
analysis of thermal radiation emitted by hot gases, utilizing 
the thermal radiation from hot combustion gases generated in 
the flare flame as the infrared source rather than requiring an 
external radiation source. This approach enables destruction 
efficiency determination through calibration procedures invo-
lving blackbody sources, infrared sources, cold sources, and sky 
background measurements, followed by proper measurement 
targeting and spectral analysis.

This article aims to contribute to this critical field by presen-
ting a comprehensive study of methane combustion efficiency 
measurement techniques, supported by experimental validation 
using multiple complementary approaches. The work addresses 
the urgent need for reliable methodologies that can support 
compliance with evolving regulatory frameworks, particularly 
the OGMP 2.0 Level 4 requirements, while advancing our under-
standing of flare performance under real-world operating con-

ditions. The methodology development builds upon established 
protocols while incorporating modern remote sensing capabilities 
and advanced analytical techniques to ensure both regulatory 
compliance and scientific rigor in flare efficiency assessment.

2. Theory

Starting from 2025, emission reporting requires the submission 
of methane emission estimates at least at Level 4 according 
to OGMP 2.0. This level involves determining the volume of 
combusted gas using direct measurement methods, such as 
ultrasonic, mass, or turbine gas meters. However, for mobile 
degassing flares (portable flares used for degassing equipment 
and installations), engineering calculations can be performed 
using the following equation:
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where: V∆  – volume of the escaping gaseous fuel under stan-
dard conditions (273.15, K; 101.325, kPa), [m3]; gp  – absolute 
pressure of the gaseous fuel in the evacuated vessel, [kPa]; objectV  
– geometric volume of the evacuated vessel, [m3]; gT  – tem-
perature of the gaseous fuel, [K]; T0, p0 – temperature and 
pressure under standard conditions (T0 = 273.15 [K],  
p0 = 101.325 [kPa]).

The most crucial aspect is to determine the destruction effi-
ciency coefficient. In this context, measurement methods such 
as passive Fourier-transform infrared spectroscopy (pFTIR) can 
be used. Accurate measurement of combustion efficiency and 
the removal of residuals from flares is important for accounting 
methane emissions from oil and gas production.

However, the amount of experimental data from full-scale 
flares is limited, especially for flares constructed without air 
or steam assist. In such cases, it is common practice to assume 
a destruction efficiency coefficient of 98%.

2.1. Test Object
To conduct measurements under controlled conditions, an 
Esders degassing flare was selected as the test object (Fig.  1). 
The degassing column operates at pressures ranging from 
10  mbar to 1000 mbar, with a maximum gas flow rate of 
209  m3/h. The column employs purely diffusive combustion, 

Fig. 1. Esders flare with 
sampling probe
Rys. 1. Pochodnia Esders 
z sondą pomiarową
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where fuel and oxidizer (oxygen from air) mix only within the 
combustion zone, not before ignition.

All measurements were conducted at a test stand consisting 
of the degassing column connected to a gas installation via 
a rotary gas meter, which enabled measurement of the gas flow 
directed to combustion.

Additionally, atmospheric conditions — namely temperature 
and pressure — were monitored at the test stand. In this study, 
the combusted gas volume required by OGMP2.0 was obtained 
from the rotary gas meter (and, for general degassing cases, 
may be determined by engineering calculations using (1)); the 
geometric volume of the flare plume was not measured because 
the destruction efficiency calculations are based on concentra-
tion correction to dry, undiluted flue gas (direct sampling) and 
carbon balance relationships (pFTIR).

2.2. pFTIR standoff
The standoff passive FTIR (pFTIR) method operates by spec-
trally analyzing thermal radiation emitted by hot combustion 
gases. Unlike traditional FTIR approaches that rely on absorp-
tion spectroscopy, this passive technique utilizes the hot gases 
in the flame plume as the infrared radiation source, with the 
spectroradiometer functioning solely as a receiver.

Since the flame plume represents a dynamic target, the pFTIR 
operator must maintain continuous targeting throughout the 
measurement period. Optimal positioning requires directing the 
instrument toward the centerline of the flare plume at appro-
ximately one flame length from the tip. This distance ensures 
that all thermal destruction reactions have reached completion, 
providing accurate measurements of final combustion products.

The system acquires spectral data at approximately 40 Hz 
sampling rate, with individual spectra subsequently averaged to 
generate composite spectra for component concentration ana-
lysis.

The destruction efficiency is quantified using the carbon 
balance approach (8), which represents the fraction of carbon-
-containing compounds that have been converted to complete 
and incomplete combustion products [2].

	 2
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where: DE – destruction efficiency [%]; – CO2 – carbon diox-
ide measured by pFTIR [ppm·m]; CO – carbon monoxide 
measured by pFTIR [ppm·m]; THCw – total hydrocarbons 
measured by pFTIR [ppm·m].

The Mini HyperCam Telops imaging FTIR spectroradiome-
ter represents an advanced measurement platform combining 
Fourier transform spectroscopy with hyperspectral imaging 
capabilities. This integration enables simultaneous acquisition 
of spectral and spatial information, facilitating metrological-
-grade quantitative analysis through sophisticated hyperspectral 
data processing algorithms [3]. In Fourier Transform Infrared 
(FTIR) spectroradiometry, the scene radiance is modulated 
by a Michelson interferometer, producing an interferogram as 
a function of optical path difference. The spectrum is then obta-
ined by applying the Fourier transform to the interferogram, 
yielding spectral radiance as a function of wavenumber. In ima-
ging FTIR, this operation is performed for each pixel, resulting 
in a hyperspectral data cube that can be used for quantitative 
retrieval of gas column densities through spectral fitting. Tech-
nical Specifications:

	− spectral range in the far infrared: 7.4–11.8 μm,
	− spectral resolution: < 0.25 cm−1 (enabling precise gas iden-
tification),

	− cooled HgCdTe infrared detector: for high sensitivity,

	− thermal sensitivity (NETD): < 20 mK (high sensitivity to 
temperature changes),

	− data acquisition speed: a few seconds for a full spectrum 
(real-time rapid scanning).

The instrument employs Fourier transform analysis for infra-
red spectral processing, enabling simultaneous multigas detec-
tion and identification in real-time operation. The integrated 
thermal imaging interface generates high-resolution far-infrared 
imagery, facilitating visualization of emission sources and ther-
mal distributions.

The remote sensing capability represents a critical advantage 
for measuring emissions from inaccessible or hazardous locations. 
This is particularly valuable for flare efficiency assessment, where 
the combination of extreme temperatures and significant heights 
poses safety challenges for conventional sampling approaches [4].

For this study, the airborne-configured Mini HyperCam was 
adapted for ground-based operation through the integration 
of a specialized mirror system and custom mounting platform, 
demonstrating the system’s operational flexibility. The setup is 
presented in Fig. 2.

Fig. 2. Mini HyperCam 
spectroradiometer
Rys. 2. Spektroradiometr Mini 
HyperCam

2.3. Radiative transfer
When conducting horizontal infrared measurements for gas 
detection, multiple radiation paths contribute to the sensor 
signal. For practical applications, only the most significant 
paths need consideration. For measurements without gas plu-
mes, three primary radiation components reach the sensor (3) 
[5].

	
( ) ( ) ( ) ( ) ( )clear a g atm nL L L Lλ λ λ τ λ λ= + + 	 (3)

where: ( )clearL λ  – total spectral radiance measured by the sen-
sor under clear atmospheric conditions; λ  – wavelength; ( )aL λ  
– atmospheric path radiance; ( )gL λ  – background radiance; 

( )atmτ λ  – atmospheric transmissivity; ( )nL λ  – noise/resid-
ual term.

In atmospheric remote sensing, the total spectral radiance 
( )clearL λ  measured by a sensor at wavelength λ  under clear 

atmospheric conditions represents the comprehensive signal 
captured by the instrument. This measurement is composed 
of several distinct radiative components that must be under-
stood for accurate data interpretation. The atmospheric radi-
ance ( )aL λ  contributes thermal emission from the atmosphere 
itself, radiating toward the sensor at the atmospheric tempera-
ture, while the background radiance ( )gL λ  encompasses ther-
mal emission from background objects and surfaces, including 
both their intrinsic thermal emission and any reflected atmo-
spheric radiation. The ability of this background radiation to 
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reach the sensor depends on the atmospheric transmissivity 
( ),atmτ λ  which represents the fraction of background radiance 

that successfully passes through the atmosphere without being 
absorbed or scattered — a parameter that varies significantly 
with wavelength due to specific atmospheric absorption fea-
tures. Finally, the measurement includes a noise term ( )nL λ  
that encompasses various uncertainty sources, including focal 
plane array noise, sensor thermal emission, and other measure-
ment uncertainties that can affect the precision of the spectral 
radiance detection.

It is necessary to break down the background radiation into 
its constituents, namely:

	 ( )( ) ( , ) ( ) ( ) 1 ( )g g g dL B T L gλ λ ε λ λ ε λ= + − 	 (4)

where: ( )gL λ  – background radiance; ( , )gB Tλ  – Planck black-
body spectral radiance at background temperature ;gT  gT  – 
background (ground) temperature; ( )gε λ  – background 
emissivity; ( )dL λ  – downwelling atmospheric radiance incident 
on the background.

In thermal infrared remote sensing, the background radiance 
is fundamentally governed by the Planck blackbody function 

( , ),gB Tλ  which represents the theoretical maximum thermal 
emission at ground temperature gT  and wavelength .λ  How-
ever, real-world surfaces do not emit as perfect blackbodies, 
and their actual emission is modulated by the background 
emissivity ( ),gε λ  a wavelength dependent material property 
ranging from 0 to 1 that describes how efficiently the back-
ground surfaces emit radiation compared to a perfect black-
body. Additionally, background surfaces receive atmospheric 
radiance ( )dL λ  in the form of thermal radiation from the 
atmosphere that strikes these surfaces. The fraction of this 
incident radiation that is not absorbed is characterized by the 
background reflectivity (1 ( )),gε λ−  which represents the por-
tion of incident radiation that the background surfaces reflect 
back toward the sensor. When a gas plume is present in the 
horizontal measurement path, the radiation model becomes 
significantly more complex, as the plume affects the signal 
through multiple pathways: background radiation passing 
through the plume experiences additional absorption and scat-
tering, the plume material itself contributes thermal emission, 
and atmospheric radiation can reflect through the plume, cre-
ating a multi-layered radiative transfer scenario that requires 
careful modeling for accurate gas detection and quantification.

	
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )plume a g atm p p atm nL L L Lλ λ λ τ λ τ λ τ λ τ λ λ= + + + 	 (5)

where: ( )plumeL λ  – total spectral radiance measured by the 
sensor with plume present; ( )pτ λ  – plume transmissivity; 

( )pL λ  – plume self-emission spectral radiance (at plume tem-
perature).

When a gas plume is present in the atmospheric measure-
ment path, the total spectral radiance ( )plumeL λ  measured by 
the sensor at wavelength λ  represents a complex composite 
signal that incorporates multiple radiative contributions 
from both the background scene and the plume itself. This 
measurement is fundamentally modified by the atmospheric 
transmissivity ( ),atmτ λ  which describes the fraction of radiation 
that passes through the atmosphere without absorption or 
scattering, and the plume transmissivity ( ),pτ λ  representing 
the fraction of background radiation that successfully passes 
through the gas plume without being absorbed by the target 
gas species. The plume’s direct radiative contribution is cap-
tured by the plume emission radiance ( ),pL λ  which represents 
thermal radiation emitted by the gas plume itself at the plume 

temperature. This multi-component signal creates significant 
challenges for gas detection and quantification algorithms, as 
the spectral signature of gaseous effluents differs markedly from 
conventional targets since the plume modifies the spectral sig-
nature of the background rather than simply adding to it. The 
resulting complexity means that different pixels containing the 
same gaseous plume can exhibit completely different spectral 
signatures depending on the underlying background materials 
and the temperature difference between the ground and the plume.

For practical gas detection, plume transmissivity can be 
approximated [5]:

	 ( )( ) exp ( ) 1 ( )p c b c bτ λ λ λ= − ⋅ ≈ − ⋅ 	 (6)

where: ( )pτ λ  – plume transmissivity; c – column density 
(path-integrated concentration) of the target gas (e.g., 
[ppm ·m]); ( )b λ  – spectral absorption coefficient/signature of 
the target gas.

What in practice can be interpreted that ( )exp ( )c b λ− ⋅  is 
exponential attenuation – the exact Beer-Lambert law describ-
ing how radiation intensity decreases exponentially as it passes 
through an absorbing medium with c as column density, the 
integrated concentration of gas molecules along the measure-
ment path, typically expressed in units like [ppm·m] (parts 
per million × meters). ( )b λ  is gas absorption coefficient or 
spectral signature, wavelength dependent parameter that char-
acterizes how strongly the target gas absorbs radiation at each 
wavelength. This linearization is valid when ( )c b λ⋅  is small, 
enabling practical detection algorithms while maintaining 
physical accuracy for typical measurement scenarios.

3. Measurements

3.1. Direct gas sampling
As the basis for verification of methodology to convert measu-
rement results of unburned fuel gas content in exhaust gases 
into a coefficient related to incomplete combustion, the stan-
dard PN-EN 12619 “Emission from stationary sources – Deter-
mination of the mass concentration of total gaseous organic 
carbon – Continuous flame ionization detection method” and 
OGMP guidelines were applied. The Thermo FID TG flame 
ionization analyzer used in the measurements enables the 
determination of organic carbon content in exhaust gas sam-
ples collected from the tested device, with results expressed 
per cubic meter of exhaust gas. The exhaust gas was collected 
using an extractive sampling probe system mounted on the 
flare test object (Fig. 1). The probe was made of a copper tube 
(outer diameter 8 mm, wall thickness 1 mm) and its inlet was 
positioned slightly above the flare burner, outside the visible 
flame zone. During each test, the probe position was adjusted 
to ensure that sampling was performed in the post-combu-
stion zone (i.e., after completion of methane oxidation) while 
avoiding excessive ambient air dilution. The extracted sample 
stream was routed through a short sampling line and split to 
the Thermo FID TG analyzer (for total gaseous organic car-
bon, used as a proxy for unburned fuel gas) and to a flue-gas 
analyzer equipped with a paramagnetic oxygen sensor. The 
oxygen content used in (7) was measured by a paramagnetic 
method (PMA module, e.g., Horiba PG-350EU).

Two independent direct-sampling test series were performed 
under comparable operating conditions; the detailed calcula-
tion below corresponds to the first series, while the second 
series yielded a methane destruction efficiency of 99.75%.

However, both methane emission factors from incomplete 
combustion on flares and the calculated destruction efficiency 
should relate to the volume of gas burned. Therefore, to con-
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vert the measured methane concentrations in the exhaust gases 
into methane emissions, the following equation was used [6]

	

4

4
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21
21 Owet wet

M
E OGC V

M
= ⋅ ⋅ ⋅

−
	 (7)

where: 
4CHE  – methane emission factor from incomplete com-

bustion, [gCH4
/m3]; wetOGC  – measured organic carbon content 

in wet exhaust gas, corresponding to unburned fuel gas,  
[g/m3]; wetV  – stoichiometric volume of wet exhaust gas, [m3/m3]; 

4CHM  – molar mass of methane [g]; MC – molar mass of carbon [g];  
O2 – measured oxygen content in exhaust gas [%].

Using the methane and oxygen content results, calculations 
were performed to determine the destruction efficiency for the 
tested flare. The average methane content in the exhaust gases 
during tests was 25.79 mg/m3 with a standard deviation of 
29.44 mg/m3. During the same period, the measured average 
oxygen content in the exhaust gases was 20.13% with a stan-
dard deviation of 0.16%. Based on these values, the calculated 
OGC (organic carbon content) in dry, undiluted exhaust gases 
was 768.3 mg/m3, which, when converted to the amount of 
methane burned, gives a value of 6,530.9 mg/m3] of burned 
methane. Considering a methane density of 716.07  mg/m3, it 
can be concluded that 6.531 g of methane out of every 716.1  g of 
methane is not destroyed. Based on this, the methane destruc-
tion efficiency for the tested flare was determined to be 99.09%.

3.2. pFTIR measurement
During the pFTIR measurement process, a series of images 
was captured, and the implemented software calculated the 
total methane concentration as an intermediate value for fur-
ther processing. An analysis of this data determined that the 
value corresponds to the methane concentration in the exhaust 
gas zone, equivalent to the methane content in dry, undiluted 
exhaust gases. This makes it possible to calculate the methane 
destruction efficiency using the same methodology described 
in direct gas sampling.

During the measurement, the spectroradiometer must be 
positioned so that the tip of the burning flame remains within 
the frame, with a clear space between the flame’s end and the 
edge of the image. This free space is necessary because the 
analysis targets the combustion products as they exit the com-
bustion zone (the flame). In addition to a statistical verification 
of the data, each recorded image was also visually inspected 
to ensure the flame was correctly positioned within the frame. 
The destruction efficiency was evaluated based on the arithme-
tic mean of 52 independent measurements; statistical analysis 
confirmed that there were no outliers in this dataset. The aver-
age methane content in the exhaust gases was 2424 ppm, which 

converts to a value of 1616.3 mg/m3. Considering a methane 
density of 716.07 g/m3, it can be concluded that 1.616 g of 
methane is not destroyed for every 716.1 g of methane. Based 
on this, the calculated methane destruction efficiency for the 
tested flare is 99.77%. A separate calculation was also per-
formed using the radial data according to formula 2, which 
yielded a destruction efficiency of 99.75%. This indicates that 
there are no significant differences between the two approaches.

4. Summary

A comprehensive analysis of both measurement techniques con-
firms that each is capable of verifying high methane destruc-
tion efficiency, with all results exceeding the 99% regulatory 
threshold established by the methane regulation. The relative 
difference between the highest and lowest recorded efficien-
cies was minimal (0.66%), demonstrating strong correlation 
between the methods. However, the practical application of 
each technique is limited by specific operational, environmen-
tal, and technical constraints.

The verification method of direct gas sampling is effective 
but highly constrained. Its primary challenge is the precise 
placement of the sampling probe, which must be positioned 
outside the visible flame zone where temperatures remain 
below 753 K (the auto-ignition temperature of methane) to 
ensure measured concentrations represent truly unburned fuel. 
The probe positioning is highly sensitive to wind conditions 
and can lead to either overestimated methane content (if too 
close to the flame) or excessive dilution effects (if too far 
from the combustion zone). The method is limited to low-
height degassing flares (up to 3–4 meters) due to issues with 
probe stability, signal delay between sampling and analysis, 
and potential hydrocarbon condensation in long sampling lines, 
which could falsely elevate the calculated destruction efficiency. 
Its 230 V power requirements also make it unsuitable for use 
on mobile platforms like lifts or drones.

Hyperspectral Analysis (Using Infrared Spectroradiom-
etry) emerged as the most versatile and universally appli-
cable technique. By measuring remotely from approximatel 
30  meters distance using FTIR spectroradiometry in the far-in-
frared range 7.4–11.8 μm, it eliminates the height limitations 
and physical access challenges associated with Method 1, mak-
ing it ideal for tall or inaccessible flares. The method demon-
strated excellent precision with 52 independent measurements 
showing no statistical outliers and achieved a destruction effi-
ciency of 99.77%. The primary constraint of this method is 
its sensitivity to atmospheric conditions; it should not be 
used during precipitation or heavy fog, as water vapor in 
the atmosphere can absorb infrared radiation and interfere 
with measurements.

Fig. 3. Selected samples from 
the acquisition using pFTIR 
method
Rys. 3. Wybrane próbki 
z  akwizycji przy użyciu metody 
pFTIR
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Streszczenie: W artykule przedstawiono kompleksowe badanie dotyczące pomiaru produktów 
spalania metanu w przemysłowych pochodniach odgazowujących, odnoszące się do krytycznych 
wymagań środowiskowych i zgodności regulacyjnej w sektorze naftowo-gazowym. Motywacją do 
przeprowadzenia badań były nowe rygorystyczne regulacje, w tym Rozporządzenie Unii Europejskiej 
w sprawie Metanu (2024/1787) oraz wytyczne Oil & Gas Methane Partnership 2.0 (OGMP2.0), 
które nakazują minimalną 99  % skuteczność niszczenia metanu dla pochodni i wymagają 
eksperymentalnego określenia współczynników niszczenia. Autorzy zbadali dwie uzupełniające się 
techniki pomiarowe skuteczności spalania pochodni: bezpośrednie pobieranie próbek gazu oraz 
pasywną spektroskopię w podczerwieni z transformacją Fouriera (pFTIR). Prace eksperymentalne 
zostały przeprowadzone przy użyciu pochodni odgazowującej Esders. Metoda pFTIR bazowała 
na spektroradiometrze obrazowym Mini HyperCam Telops FTIR. Zdalne wykrywanie umożliwiło 
rejestrowanie promieniowania cieplnego emitowanego przez gorące gazy spalinowe, eliminując 
fizyczny dostęp do pochodni. Obie techniki pomiarowe z powodzeniem zweryfikowały wysoką 
skuteczność niszczenia metanu przekraczającą 99  %. Metoda bezpośredniego pobierania próbek 
gazu osiągnęła skuteczność niszczenia 99,09  %, podczas gdy podejście pFTIR wykazało 99,77  % 
skuteczności. Względna różnica między metodami była minimalna i wynosiła 0,66  %, wskazując na 
silną korelację i niezawodność.

Słowa kluczowe: skuteczność niszczenia metanu, spektroskopia pFTIR, przemysłowe pochodnie odgazowujące, zgodność z OGMP2.0
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