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Cutting Methane Leaks in Natural Gas 
and Hydrogen Blended Supply Chains 

By Tim Goedeker - Teadit

Natural gas (NG), primarily methane (CH4), plays a pivotal role in global energy.  Its use as a primary energy source 
has steadily increased over recent decades due to its high hydrogen-to-carbon ratio, efficient combustion, and 
comparatively lower environmental impact. When measured on an energy basis, natural gas generates 50% fewer 
greenhouse gas (GHG) emissions compared to coal, and 30% less than heating oil.1

However, while natural gas has a smaller environmental impact relative to other fossil fuels, there remains significant 
potential to further reduce methane emissions throughout its supply chain. State-of-the-art sealing technologies will 
play a critical role in reducing these methane leaks.

The transition to natural gas has been 
supported through the development 
of an extensive supply chain consist-
ing of exploration, production, trans-
portation, and distribution infrastruc-
ture, as well as gasification plants and 
end-users, Figure 1.

In the US, the Environmental Protec-
tion Agency (EPA) and Department of  
Transportation (DOT) have regulatory 
oversight throughout the NG supply 
chain.  Figure 2 shows the areas of the 
supply chain covered by each agency.

To contextualize the scale of meth-
ane emissions within the broader 
regulatory framework, it is essential 
to examine the sources contributing 
to their presence. 

In 2022, U.S. methane emissions 
were estimated at approximately 800 
million metric tons of CO2-equivalent 
(CO2e) based on a 100-year global 
warming potential (GWP). Of these 
emissions:

•	 220 million metric tons originated 
from natural gas and petroleum 
systems, including:

	� 43 million from pneumatic in-
struments (controllers),

	� 35 million from gas engines,

	�  35 million from equipment fu-
gitive leaks,

	�  32 million from compressors.

•	 The remaining emissions were 
attributed to sectors like livestock 
(200 million metric tons from en-
teric fermentation) and waste man-
agement (125 million metric tons 
from landfills).

Figure 1: Natural gas supply chain – Production through distribution.  3

Figure 2: Natural gas supply chain is regulated primarily by EPA and DOT.   3

Understanding the composition and 

impact of methane is critical, as its 

significant contribution to emis-

sions—particularly from natural gas 

and renewable natural gas systems—

highlights the urgency of addressing 

its warming potential.

Methane’s Impact on the 
Atmosphere
Natural gas and renewable natural gas 
(RNG) are composed primarily of meth-
ane. Methane has a disproportionate 
impact on the atmosphere when com-
pared to CO2. 
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Although methane’s atmospheric lifes-
pan (~12 years) is shorter than CO2 
(~100 years), its warming potential is 
substantially higher. Over a 20-year 
period, methane has a Global Warm-
ing Potential (GWP) approximately 86 
times greater than CO2, and 28 times 
over a 100-year span. This implies that 1 
metric ton of methane leaked to the at-
mosphere has the same impact on the 
climate as 86 metric tons of CO2 over 
20 years, and as 28 metric tons of CO2 
over 100 years.

Given the significant climate impact 
of methane emissions, understand-
ing the supply chains for natural gas, 
RNG, and hydrogen-blended natural 
gas is essential, as each of these ener-
gy sources plays a role in the overall 
emissions profile.

Supply Chain Overview 

The production & processing steps for 
natural gas, RNG, and hydrogen blend-
ed natural gas are unique for each gas 
produced. However, the remainder of 

the supply chain, the transmission/
transportation through distribution 
steps, are nearly identical steps.

Comparing Natural Gas and 
Renewable Natural Gas (RNG) 8

While chemically identical, convention-
al natural gas and RNG differ in their 
production methods. Conventional NG 
is extracted from underground rock for-
mations using traditional drilling and 
hydraulic fracking. RNG, also known 
as biomethane, is derived from organ-
ic waste through anaerobic digestion 

and gasification. After the organic mat-
ter has been broken down into meth-
ane and refined to pipeline-quality gas, 
it can be used in a similar manner to 
conventional natural gas.

RNG’s environmental advantage lies in 
capturing methane that would other-
wise escape from sources like landfills, 
sewage, and manure lagoons. Howev-
er, RNG travels through the same infra-
structure of piping and valves as NG, 
which is prone to leaks, and also emits 
CO2 at comparable levels when burned. 
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Therefore, sealing technologies remain 
critical for both NG and RNG systems.

Hydrogen-Blended Natural Gas

Hydrogen (H2) is often considered the 
most promising clean energy carrier to 
diversify and alleviate the dependence 
on fossil fuels, a key decarbonizing 
strategy. However, H2 is a small mole-
cule that readily escapes and disperses 
into the atmosphere. 

H2 and CH4 are very different gases both 
physically and chemically. These differ-
ences present many challenges when 
considering use of the natural gas sup-
ply chain infrastructure for the transport 
and use of H2 as a combustion energy 
source. In general, a 20% hydrogen 
blend yields about a 7% reduction in 
combustion CO2 emissions compared 
with 100% natural gas, Figure 5.

H2 leaks in the supply chain are mainly 
caused by defective seals or gaskets, 
venting, and purging, misalignment of 
valves, or failure of equipment. Leak-
age of H2 from vessels (during produc-
tion and storage) and pipelines (during 
transport and end-use) is approximate-
ly 1.5 - 3.0 times higher than gaseous 
CH4.11,12

Excessive CO2 and GHG emissions in 
the atmosphere raise significant con-
cerns. Elevated CO2 levels contribute to 
the trapping of heat within the Earth's 
atmosphere, leading to a rise in glob-
al temperatures beyond the natural 
equilibrium of the carbon cycle. With 
climate tipping points anticipated in 
the coming decades, the substantially 
greater warming potential of methane 
over a 20-year period becomes increas-
ingly critical. 

Given the significant climate impact of 
methane emissions, understanding the 
supply chains for natural gas, RNG, and 
hydrogen-blended natural gas is essen-
tial, as each of these energy sources 
plays a role in the overall emissions 
profile.

Strategies to Reduce Fugitive 
Methane Emissions
Fugitive emissions, which occur at 
valves, flanged connections, pressure 
relief systems, tanks, and other compo-
nents, represent a substantial source of 
methane leaks. Reducing fugitive emis-
sions through the natural gas supply 
chain (including RNG and H2 blended 
NG) is some of the lowest-hanging fruits 
for reducing methane in the atmosphere. 

Table 1 provides an indication of the de-
sired fugitive emissions reduction tar-
get.  The target is to reduce or eliminate 
35 million metric tons CO2e (GWP 100 
yr) per year of methane emissions from 
equipment fugitive leaks in the natural 
gas supply chain.

Investing in and implementing low-emis-
sion sealing technologies and perform-
ing routine leak monitoring and timely 
repair practices not only minimize envi-
ronmental impacts but also delivers op-
erational and financial benefits:

•	 Environmental Compliance: Reduced 
GHG emissions align with evolving 
regulations

•	 Product Loss: Preventing methane 
leaks reduces valuable product being 
lost to the atmosphere.

•	 Reduce Maintenance Costs: Decreas-
es maintenance and replacement ex-
penses.

•	 Emission Fees: Fees to operate will 
be lower as declared emissions are 
lowered.

•	 Reliability: Improved sealing extends 
the lifespan of critical infrastructure 
and enhances operational efficiency.

Figure 3: Renewable natural gas production schemes.9 

Figure 4: Leakage Risk along the Hydrogen Supply Chain.13

Figure: 5 Hydrogen blended with natural gas:  A reduction in 
combustion CO2 emissions.10

Figure 6: Teadit 913M Low Emission Spiral Wound Gasket.
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Footnote:
Example assumes: Flange and valve leaking at 10,000 
ppm (leak rate of 0.026 metric tons/year per flange pair, 
0.019 for valve), low leak gasket and valve packing leak-
ing at 100 ppm (0.001 metric tons/year per flange pair, 
0.0006 for valve).  Methane GWP is 28 (100yr GWP).

Sizable Emissions Reduction 
Potential 
Implementing low emission sealing 
solutions can provide significant re-
ductions in fugitive emissions in the oil 
and gas supply chain. This improves the 
environment, improves environmental 
compliance, and also reduces environ-
mental fees; a win, win, win.

In a hypothetical oil and gas operations 
facility with 1,000 flange pairs and 100 
valves there would be approximately 
28 metric tons/year of methane ‘leaked’ 
from flanges and valves into the atmo-
sphere (fugitive emissions).  This is ap-
proximately 800 metric tons/year CO2e.  
However, if these flange pairs and 
valves were fit with low-emission gas-
kets and packing, such as Teadit’s 913M 
spiral wound gasket and 2848 valve 
packing, less than 1 ton/year of meth-
ane would escape to the atmosphere.  

This is a 96% reduction of fugitive 
methane emitted from equipment.  Fi-
nancially, this reduction of ‘leaked’ or 
‘lost’ methane could yield a savings of 
at least $50,000 / year in product loss 
and environmental fees including the 
“waste emissions charge” (WEC) effec-
tive in 2025.

ABOUT THE AUTHOR
Tim Goedeker has nearly 40 years of petroleum refining 
operations, engineering and environmental compliance 
leadership and strategic planning experience. Prior 
to retiring from Phillips 66 in 2022, Tim spent his last 
13 years helping improve environmental compliance 
across the 15 Phillips 66 refineries. He implemented 
programs to eliminate environmental regulatory 
non-compliance incidents, implemented new/revised Federal flaring 
rules, and implemented plans to reduce refinery emissions footprint 
and enhance the corporate sustainability strategy. He coordinated the 
implementation (including direct negotiation with EPA & DOJ) and 
closure planning of two multi-billion $$ environmental consent decrees 
with EPA covering the 14 US Phillips 66 refineries.

Figure 7: Methane leaks in the Natural Gas Supply Chain.14

Advanced low-emission sealing solu-
tions not only minimize emissions but 
also reduce the frequency of valve 
maintenance and replacements, ex-
tend the lifespan of supply chain com-
ponents, and ensure smoother, more 
reliable operations. This improved 
reliability and durability directly 
translates into cost savings, making 
industrial low-emissions sealing solu-
tions a vital investment for oil and gas 
infrastructure.

*GWP: Global Warming Potential factor.

Table 1: Key Greenhouse Gases4,5,6

Molecule GWP – 20 yr GWP – 100 yr Atmospheric  Life 
Span, years

Molecule Size 
“Kinetic” Diameter, 
picometer

CO2 – Carbon 
Dioxide

1 1 ~100 330

CH4 – Methane 28 86 ~12 380

H2 – Hydrogen 33 11 ~3 289

H20 - Water - - hours/days 265


