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Abstract: This review paper examines the impact of gas flaring and direct venting in the oil and gas
industry on air quality and climate change. Flaring generates CO,, NOx, SO,, and fine particulate matter,
including black carbon, while venting directly releases methane with a high short-term global warming
potential. Due to variable combustion efficiency, unlit flares, and systematic venting, actual emissions
often exceed reported inventories. We summarize findings from studies based on satellite assessments
and targeted field measurements, including the identification of ‘ultra-emitters’ and epidemiological
evidence of local health effects. Regulatory trends (EU, USA) toward banning routine flaring/venting,
introducing mandatory MRV/LDAR programs, and aligning with international initiatives are discussed.
Technological mitigation measures are presented (gas capture and reuse, replacement of pneumatic
equipment with low-emission alternatives, closed-loop systems, and, where applicable, CCS) along with
their medium-term cost-effectiveness. We conclude that the rapid implementation of available solutions
is crucial for achieving sustainable development goals, improving air quality, and supporting the energy
transition.
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INTRODUCTION

The oil industry, through its operations of gas flaring and direct venting, represents a significant
source of air pollution and greenhouse gas emissions [3, 5]. Gas flaring releases a wide
spectrum of pollutants — including CO,, CO, NOx, SO,, volatile organic compounds (VOCs),
polycyclic aromatic hydrocarbons (PAHs), and black carbon — which exert local, regional, and
global climate effects [1-3, 5]. Venting, on the other hand, releases large quantities of methane
— a super greenhouse gas with a substantially higher short-term global warming potential
compared to CO, [3, 5]. Due to inconsistent reporting and the intermittent nature of these
processes, actual emissions are often significantly higher than officially reported [1-5]. The
aim of this paper is to provide a concise overview of existing studies on the impact of flaring
and venting in the oil industry on air quality, with a particular focus on harmful gas emissions,
climate change, and human health. The paper draws upon analyses from the literature that
include satellite-based emission assessments, health impacts, and emission reduction
methods, with the goal of providing a relevant review for conference presentation [2, 3, 5]. In
the context of global climate challenges, particularly within the framework of the Paris
Agreement and the 2030 Agenda, methane reduction has emerged as one of the key issues
for achieving a sustainable energy transition. Flaring and venting are increasingly viewed not
only as technical or safety processes but also as critical factors in climate policy, public health,
and sustainable development. Their connection to air quality, regional community health, and
global climate effects makes them a topic of particular importance for scientific gatherings and
international initiatives. Moreover, the continuous development of satellite technologies and
monitoring systems enables more accurate quantification of emissions, thereby narrowing the
gap between reported and actual data. This, in turn, provides a foundation for more precise
regulations, stronger oversight, and broader implementation of emission reduction measures
in the oil and gas sector. The following sections provide a detailed discussion of flaring and
venting processes, their environmental and health impacts, as well as possibilities and
perspectives for their mitigation.
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MATERIAL AND METHODS

This review synthesizes peer-reviewed literature, satellite-based assessments, targeted field
measurements, and epidemiological studies, complemented by regulatory and policy
documents (EU/US frameworks and UN initiatives). Sources were screened for methodological
transparency and relevance to (i) flare efficiency and emissions composition, (ii) methane
venting magnitudes, (iii) health impacts, and (iv) mitigation options and costs. Evidence was
organized into two process streams—flaring and venting—to enable consistent comparison of
emission pathways, measurement approaches, and reported uncertainties. Where available,
cross-study contrasts (e.g., aircraft campaigns vs. satellite retrievals) were used to
contextualize inventory gaps and to inform the subsequent discussion of technological and
regulatory mitigation.

Gas flaring process

Gas flaring is the controlled combustion of excess gas at a flare stack, applied when the gas
cannot be captured or utilized due to safety, operational, or infrastructural reasons [1]. Three
main types are typically distinguished: emergency flaring during abnormal pressure events,
temporary flaring during plant start-ups or shutdowns, and routine flaring where no gas
recovery systems are in place [6]. Although the intended outcome of combustion is to convert
methane into carbon dioxide, actual efficiency depends on gas composition, flow rate, and
atmospheric conditions, and often deviates from the idealized 98% assumed in emission
inventories [8]. Major emissions include CO, and CO, nitrogen oxides (NOx), sulfur dioxide
(S0O,), volatile organic compounds, and fine particulates, with black carbon being of particular
concern [1]. Aircraft-based measurements in the Bakken Basin (North Dakota) revealed that a
portion of flares operate with substantially lower efficiency, leading to higher methane and
black carbon emissions than predicted by standard factors [7]. An analysis of more than 300
flares in the United States demonstrated that inefficient and unlit flares reduce the effective
methane destruction rate to an average of about 91%, significantly increasing its contribution
to global warming [8]. Measurements in the North Sea showed a median combustion efficiency
of around 98%, but also significant NOx emissions, confirming that even at high efficiency,
pollutants relevant to air quality are generated [6]. The health impact of flaring has also been
epidemiologically confirmed: in the Eagle Ford region of Texas, intensive flaring was
associated with increased incidence of preterm births [9]. Regional studies in Nigeria
demonstrated that meteorological factors and flare characteristics influence the dispersion of
CO, SO,, and black carbon into populated areas, thereby worsening air quality [10]. At the
global scale, satellite data (e.g., Sentinel-3A SLSTR) have enabled the quantification of flaring
and black carbon emissions, with Russia and the United States identified as the largest
contributors [11]. These analyses confirm that flaring remains a significant source of CO,, NOy,
SO,, particulates, and methane, with implications for local air pollution episodes and global
climate change [1].

Gas venting process

Venting refers to the intentional release of unburned natural gas (predominantly CH,) into the
atmosphere from equipment and processes in the oil and gas industry, typically during testing,
maintenance, start-up/shutdown procedures, operation of pneumatic devices, or in the
absence of gas handling infrastructure [2]. Unlike flaring, venting does not oxidize methane
into CO,, so its primary climate impact derives from the direct release of CH, [2, 12]. In
practice, some processes are even designed to periodically or continuously release gas (e.g.,
tank venting, safety valves), making venting a systematic emission source when gas capture
and utilization are absent [12]. Methane has a much stronger warming effect per ton than CO,;
recent radiative forcing calculations have revised upward the impact of CH, compared to
earlier estimates, which makes the climate consequences of venting proportionally greater
[13]. Given methane’s relatively short atmospheric lifetime (~12 years), rapid venting reduction
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delivers immediate climate benefits and high cost-effectiveness of mitigation measures [14].
In heavy oil recovery operations without combustion (e.g., CHOPS), venting is frequent and
often underestimated in inventories [4]. Field measurements at five CHOPS facilities in Alberta
revealed large discrepancies between measured and reported rates, identifying venting
(particularly ‘casing gas’) as the dominant source [15]. Broader measurement syntheses in the
United States indicate that methane emissions in the production segment are ~1.5-2x higher
than official inventories, with a portion of emissions stemming from processes that deliberately
vent gas [12]. Satellite analyses also reveal episodes of ‘ultra-emitters’ in oil and gas basins
worldwide (maintenance, malfunctions, venting), which account for a significant share of total
emissions and are a target for rapid mitigation [16]. These findings are driving regulatory
policies toward ‘zero routine venting,” mandatory measurement, and faster source elimination
[17]. In 2024, the European Union adopted a methane emissions reduction regulation in the
energy sector that bans routine venting/flaring (with safety exceptions) and introduces
mandatory MRV and LDAR practices [17, 18]. In addition, UN initiatives (e.g., UNEP OGMP
2.0 and the Global Methane Pledge) encourage companies and governments to transition from
estimates to measurements and to reduce intentional venting [19, 20]. Technical measures
(gas capture and reuse, replacement of pneumatic devices with low-emission alternatives,
compression and closed-loop systems) have been identified as widely available and cost-
effective options for rapid venting reduction [12, 14].

RESULTS AND DISCUSSION

Flaring and venting processes involve different mechanisms and environmental
consequences, yet both represent significant sources of greenhouse gas emissions [1, 2].
Flaring primarily converts methane into CO, but simultaneously produces NOx, SO,, and black
carbon, contributing to air pollution and short-term climate warming [1, 5, 6]. Venting, by
contrast, directly releases methane into the atmosphere, emitting a gas with a substantially
higher global warming potential over shorter timescales [2, 12, 13]. The combined effects of
these processes are reflected in both local health outcomes and global climate change.
Studies in Texas have shown a correlation between intensive flaring and increased risk of
preterm births, highlighting the health implications of exposure to a mixture of pollutants [9]. In
Canada, measurements at heavy oil production facilities confirmed that venting is frequently
underestimated and that actual emissions can be several times higher than reported [4, 15].
At the global level, satellite analyses have identified the occurrence of ‘ultra-emitters,’ i.e.,
massive methane release events that significantly contribute to total emissions and demand
urgent mitigation measures [16]. Technological options for emission reduction include gas
capture and reuse systems, installation of low-emission equipment in place of pneumatic
devices, closed-cycle compression systems, and carbon capture and storage (CCS)
technologies [12, 14]. According to assessment models, rapid implementation of these
measures could substantially reduce global methane emissions by 2050 at relatively low costs
[14]. The regulatory framework is becoming increasingly stringent, particularly in the EU and
the USA, where routine venting and flaring are prohibited, mandatory monitoring programs and
super-emitter detection are introduced, along with international initiatives such as UNEP
OGMP 2.0 and the Global Methane Pledge [17—-20]. These trends emphasize the transition to
sustainable technologies and the growing pressure from international organizations to reduce
methane emissions as quickly as possible.

CONCLUSION

Gas flaring and venting in the oil and gas industry are significant sources of air pollution and
greenhouse gas emissions. Flaring generates a mixture of CO,, NOx, SO,, and particulates
(including black carbon), while venting directly releases methane with a high short-term climate
impact [1,2]. Variable combustion efficiency, unlit flares, and systematic venting contribute to
actual emissions exceeding reported levels, thereby amplifying both local health risks and
global climate impacts [6,8,9,12]. Satellite observations and targeted measurement campaigns
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have identified episodes of ‘ultra-emitters’ and demonstrated that emissions in the production
segment are often 1.5-2x higher than inventories, underscoring the need for evidence-based
measurements and rapid interventions [12,16]. Reducing emissions requires a combination of
technical and regulatory solutions: gas capture and reuse, replacement of pneumatic devices
with low-emission alternatives, closed-loop systems, and complementary measures (e.g., CCS
where justified), alongside mandatory MRV/LDAR programs and super-emitter detection
[12,14]. The new regulatory frameworks in the EU and USA, as well as initiatives such as
OGMP 2.0 and the Global Methane Pledge, are steering the sector toward a ‘zero routine
flaring/venting’ regime and more transparent reporting [17-20]. Looking ahead, the rapid
implementation of available measures, coupled with stronger oversight and standards, can
deliver significant and cost-effective reductions, support sustainable development goals, and
accelerate the energy transition, while simultaneously improving air quality and public health
[14,17—-20]. The key challenge in the coming period will be balancing the economic interests
of oil and gas companies with increasingly stringent regulatory requirements. Although
technologies capable of substantially reducing emissions are already available, their
widespread adoption will depend on political will, financial incentives, and international
cooperation. Ultimately, this combination of factors will determine the pace at which the
industry transitions to more sustainable practices and contributes to mitigating climate change.
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