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Key takeaways on natural gas in a 1.5˚C world
In order to focus the relevant communities of state and non-state actors in the industrial
and climate policy realms, scientists need to provide clear guidelines for the use of natural
gas in a Paris Agreement compatible energy mix. In the absence of rigorous, transparent
benchmarks, it looks increasingly likely that the ‘coalition of the willing’ will be locking us
into a high-carbon future.
Here, we provide a first quantification of a few key takeaways for natural gas in a world that
implements the Paris Agreement and limits warming to 1.5°C:
•

Natural gas was the largest source of fossil CO2 emissions increase (42%) in the decade
2010 to 2019), is responsible for about 60% of methane emissions from fossil fuel
production, and about 70% if the projected increase in fossil CO2 emissions under
current policies to 2030.

•

Analysis of 1.5°C compatible scenarios from the IPCC Special Report on 1.5°C shows
unabated use of natural gas in primary energy supply globally should already have
peaked and be declining globally, and that it needs to drop by more than 30% below
2020 levels by 2030, and 65% below 2020 levels by 2040.

•

Whilst the IEA’s Net Zero (NZE) is Paris Agreement compatible in overall terms, there
are significant indications that its projected natural gas use is much higher than can be
expected, given the availability of cleaner, zero carbon technologies in the applications
where natural gas is presently used. The IEA NZE has natural gas 6% below 2020 levels
by 2030 and 45% below by 2040.

•

Scenario results for 1.5°C compatible scenarios likely represent the upper limit on
natural gas use, consistent with limiting warming to the 1.5°C limit in the Paris
Agreement because of the ongoing cost reductions in renewable energy and green
hydrogen.

•

Reductions in the power sector will be fully examined in a further study, but early
indications are that unabated natural gas use in the power sector will need to peak
within the present decade and begin a rapid decline thereafter.

•

The role of gas at scale in a future energy mix consistent with limiting warming to 1.5°C
is inextricably tied to the viability of a massive expansion of Carbon Capture and
Storage (CCS) - a technology whose future is highly uncertain. For natural gas in the
IEA Net Zero pathway, most CCS use is projected outside the power sector so that by
2030, 15% of gas used would be subject to CCS whereas only 2% in the power sector.
The global CCS pipeline at present is inconsistent with the rollout of this technology at
this scale.
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•

The natural gas industry is advancing the argument that “blue hydrogen” made with
natural gas combined with CCS, is a bridging fuel to green hydrogen made with
renewable energy.

•

Blue hydrogen is highly emissions intensive, and further investing in this technology
will lock in carbon intensive infrastructure and could crowd out the rapid scale-up of
green hydrogen.

•

The International Energy Agency estimates Green H2 could be produced in the lowest
cost renewable regions for as low as USD 1.5/kg by 2030, comparable to cost of blue
hydrogen, and beyond this time as low as USD 1.0/kg which is cost-competitive with
natural gas without CCS.

•

The IEA’s Sustainable Development Scenarios (SDS) are being used by the gas industry
to justify expansion of gas use, gas pipelines and massive LNG expansion, however the
SDS scenarios are not Paris Agreement compatible.

•

One of the key developments in natural gas use in the energy system in the last decade
has been the rise of liquefied natural gas (LNG), which has been touted as a cleaner
alternative to coal, and for which there are substantial expansion plans globally.

•

Emissions from LNG supply and end use had reached an estimated 1.25 GtCO2e/yr
(~17% of emissions from natural gas) by 2020 and LNG accounted for about 12% of
total gas use globally in 2020 with growth- under present policies to close to 16% of
gas demand globally by 2035.

•

LNG is a very carbon intensive fuel source and taking into account emissions in
production, manufacture distribution and gasification, including methane leakages,
may have a greater GHG footprint than coal-fired generation when used for power
production.

•

Because of its carbon intensity and cost the IEA NZE Pathway projects a rapid collapse
of the LNG trade at the global level, which will be felt differently in different regions.

•

This report presents an important case example of the likely impacts of a declining
global demand for natural gas under Paris Agreement, that of the world’s largest LNG
exporter, Australia, whose LNG trade can be expected under the IEA NZE pathway to
collapse faster than the global average to close to 25% below 2020 levels by 2030 and
halve by 2040.

While further scientific analysis of the length of a ‘bridging’ role for natural gas in specific
sectors, including the power sector, is required, existing data is sufficient to disqualify natural
gas as a viable bridge.
Gas is not a “bridging fuel”, it is still a fossil fuel, and to reach the Paris Agreement’s 1.5˚C
warming limit, governments, investors and multilateral finance institutions must treat it the
same way they do coal: target gas for a swift phase-out.
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Given the above, it is important for the world to recognise that gas is as important a fossil fuel
to phase out as coal.
Gas, in other words, is the “new coal.”
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Executive Summary
Decarbonising the energy system to reach net zero CO2 emissions by 2050 globally is critical
to meeting the Paris Agreement’s long term temperature goal (LTTG) of 1.5˚C.
It is already widely accepted that coal use for power production needs to be phased out in the
OECD by 2030 and for the rest of the world by 2040. Beyond the power sector, it is becoming
clearer there are solutions available for coal, such as for steelmaking, that could enable a
transition to net zero using, for example, green hydrogen technologies.
The pathway for natural gas, however, is less widely understood.
Natural gas is currently the fastest growing source of CO2 emissions, and the largest
projected source of CO2 growth over the next decade1
Natural gas has accounted for the largest recent growth of global fossil CO2 emissions (42% of
the growth in the decade 2010 to 2019). In 2020, the natural gas industry was a source of
around 60% of methane emissions from fossil fuel production.
Global demand for natural gas has been growing rapidly, accelerating in the last decade,
supported by the ongoing expansion of infrastructure for natural gas extraction, liquefaction
and transport. According to IEA Stated Policies (STEPS) (current policy) projections, unless
curtailed, natural gas will be the largest source of CO2 growth over the next decade.
Given the long lifetime of fossil fuel-related infrastructure, the milestones of the global energy
system transformation are at odds with the continued expansion of not only coal, but also gas
assets.
Natural gas use should already have peaked in Paris Agreement compatible energy
transitions, be declining, and be reduced to half of 2020 levels by the late 2030’s.
In 1.5°C compatible scenarios in line with the Paris Agreement, primary energy use for
unabated coal and gas peaks very soon and begins a rapid decline, reaching about half of
present levels by 2030 in the case of coal and in the case of gas halving only 5-10 years later
(See Figure ES-1).
Looking at the electricity sector, which consumes about 40% of natural gas, globally unabated
gas use for electricity production peaks around 2020, is more than halved between 2035 and
2040 (by which time unabated coal power generation needs to be phased out), and falls
quickly, to represent only a tiny part of global electricity demand by 2050. This was estimated
at 8% in the IPCC’s 2018 Special Report on 1.5°C, even when including gas with (expensive,
uneconomic, and as-yet unproven) Carbon Capture and Storage (CCS).

1

From 2019 to 2030 under the IEA STEPS (state policy scenarios)
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Figure ES 1 Primary energy and electricity generation demands for unabated coal and gas projected under IPCC SR1.5 1.5°C
compatible scenarios
Unabated refers to coal and gas without carbon capture and storage. Solid line = median, ribbon = interquartile range

Natural gas use is not justified as an emissions reduction measure: there are better carbon
free alternatives
Gas proponents justify the expansion of gas-fired power generation and associated
infrastructure as an emissions reduction measure and a transition to a longer-term lower
carbon energy system. But it is not.
The advantages of natural gas in the energy transition have been eroding rapidly in recent
years, thanks to positive market trends for renewable energy, storage, and flexibility options.
This is supported by recent literature, which has strongly questioned the extent to which gas
can play a bridging role in the energy sector.
While phasing-out fossil fuel-based electricity generation and meeting energy demand needs
in a reliable and affordable way may seem daunting at first, there is a strong indication,
provided by 100% renewable energy modelling exercises available for a large number of
countries, that this could be achieved technically and economically with existing gas capacity,
and the need to build new gas capacity is very limited, as systems adjust to increased shares
of renewables and as storage technologies ramp up.
The argument that natural gas can replace coal-fired power plants is outdated as there are
cleaner, cheaper alternatives
One of the central arguments often made by advocates of natural gas expansion to reduce
CO2 emissions, is that gas can replace coal-fired power plants and assist in the phasing out of
that fuel.
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However, an IEA review of the role of natural gas in energy transitions challenges that view.
While acknowledging that moving from coal to gas will reduce emissions, it also argues that
stacked against carbon-free renewable technologies, there are often better alternatives:
“The emissions reductions from coal-to-gas switching are significant, but beating the
most carbon-intensive fuel is not in itself a persuasive case for gas if there are lower
emissions and lower-cost alternatives to both fuels.”
“The falling cost of renewable technologies in the power sector is the clearest case in
point. In many markets, wind and solar PV are already among the cheapest options for
new generation.”
Particularly in Asia, where coal-fired power stations are relatively young, the opportunity for
gas switching is limited and the IEA acknowledges the importance of renewable energy and
efficiency measures as “the most important drivers of the energy sector transition.” (IEA
2019c).
IEA Sustainable Development Scenarios (SDS) have caused confusion and are exploited by
the gas industry to justify gas expansion
There is a lack of consensus on the urgent need to tackle natural gas in electricity production.
This paradox is clearly exemplified by actions and positions of many of the ‘green champions’
supporting the coal phase-out agenda, who are simultaneously supporting narratives and
arguments around the need to maintain, and even increase, the role of natural gas in
electricity production:
•

For governments, even countries with climate-motivated polices to reduce coal use
and expand renewable energy markets - like the UK, Germany (which are also part of
the Powering Past Coal Alliance) and the European Union - are simultaneously
supporting an agenda of an expansion of natural gas-related infrastructure

•

Similarly, countries like China, South Korea, and India, which are trying to limit the role
of coal for power generation as a key measure to tackle air pollution problems, are
favouring natural gas use as a viable alternative, with lower health externalities.

•

For private investors, even frontrunners in the adoption of policies to restrict coal
insurance and investment as part of climate risk policies, such as Axa and Allianz (which
has enhanced its coal policies in recent years), have either no - or only vague commitments when it comes to supporting natural gas projects and companies or they
explicitly support the role of natural gas in the future of the global energy mix

•

Since the World Bank announced its policy for no financing of new coal power plants
in 2013, many other Development Banks and Export Credit Agencies have
implemented similar coal restriction policies with the African Development Bank being
the most recent. Yet these institutions are continuing to support gas infrastructure.
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•

The European Investment Bank has a ground-breaking policy to end all lending to fossil
fuels within two years and align all funding decisions with the Paris Agreement but has
accepted important exceptions that allow the financing of gas projects with abated
emissions intensities.

Relying on carbon capture and storage is unsafe, very expensive and unlikely to work
Policy or investment decisions, based on the benchmarks and projections for coal and gas
power generation that rely on CCS to abate emissions, will most likely lead to wrong decisions
considering the low adoption rates of this technology and other concerns related to the use
of these technologies for fossil fuel power plants.
Paris Agreement compatible energy transition pathways show a rapidly declining use of
unabated natural gas in the power sector. The IPCC 1.5°C compatible pathways show around
10% of power sector use of gas being subject to CCS by 2030 (Figure ES 2). There is absolutely
no sign of this scale of CCS capacity in the global CCS pipeline.

Figure ES 2 Gas powered generation under Paris compatible pathways with and without CCS. The indicated NZE pathway is
for unabated natural gas generation.

There are still many barriers towards the very large-scale rollout of CCS implied by the IEA
scenarios, with cost being the most significant. This stands in sharp contrast to solar energy,
wind energy and electric storage, which have all witnessed dramatic cost reductions over the
past decade, and which produce little to no emissions (IRENA 2021b; Lazard 2020a, 2020b).
As Figure ES 3 shows, the cost of renewables is now well below the cost of fossil fuel power,
including with CCS.
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Figure ES 3 Levelised Cost of Electricity of different generation technologies in 2020.
Source: Own elaboration based on (IRENA 2021b; Kearns, Liu, and Consoli 2021; Lazard 2020a).

The IEA’s Sustainable Development Scenarios (SDS) are not Paris Agreement compatible
The IEA’s SDS is commonly used as a benchmark by industry, the finance sector, government,
and other stakeholders. However, the SDS are inconsistent with the Paris Agreement’s 1.5°C
limit and therefore give an incorrect representation of the role of gas in a Paris-Agreement
compatible energy transition. The IEA’s new, 2021, Net Zero Emissions by 2050 (NZE) pathway
is Paris Agreement compatible in climate terms and gives a much better perspective on the
role of natural gas in the transition to net zero and meeting the Paris Agreement’s 1.5°C limit.
In IEA SDS published to date, both coal and gas, but particularly gas, account for a larger share
of TPES and power generation than what is found under Paris Agreement compatible
pathways.
By providing these over-optimistic projections of natural gas demand under low carbon
scenarios, and considering its influential position among policy makers and investors, the
IEA’s SDS scenarios have contributed to increased risk of carbon lock-in and stranded assets
around the world.
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The IEA’s Net Zero Emissions by 2050 (NZE) pathway is Paris Compatible but natural gas use
is still higher than many other pathways
The IEA’s new, 2021, Net Zero Emissions by 2050 (NZE) pathway concludes that further
development of gas resources is not needed for the Paris Agreement implementation and thus
has unabated gas playing a much-diminished role compared with its SDS.
While the IEA’s NZE exhibits characteristics in line with other Paris Agreement pathways, it
significantly overestimates unabated gas consumption over the next decade, relative to IPCC
assessed pathways. As Figure ES 4 shows, the IEA NZE has significantly higher primary energy
use for natural gas then most of the IPCC SR1.5 pathways, reflecting in some ways more
conservative assumptions about the availability of low carbon alternatives for non- electricity
applications of natural gas in, for example, fertiliser, chemicals, and other energy intensive
applications requiring heat.
Present technology trends indicate that IEA NZE assumptions in this area are likely to be too
conservative, and consequently there is a high likelihood that in fully Paris Agreement
compatible pathways the total natural gas demand will be significantly lower. Unabated gas
used in electricity generation is more consistent with Paris Agreement compatible pathways
in the NZE.

Figure ES 4 Unabated natural gas use (total primary energy and demand for power) under 1.5 C compatible scenarios
compared with the IEA’s NZE pathway.
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Blue Hydrogen is not a viable bridge to Green Hydrogen
The gas industry is now advancing arguments that blue hydrogen is a bridge to green
hydrogen, in an almost exact mirror of the arguments that have been used in the past to justify
natural gas as a bridge to a zero-carbon future. From the point of view of meeting the Paris
Agreement’s 1.5°C limit and getting CO2 emissions to net zero by 2050, these arguments do
not stack up.
When compared to direct combustion, 25% more natural gas is needed to produce the same
amount of heat energy from the methane to hydrogen conversion processes, meaning that to
produce the same amount of useful energy 25% more natural gas is needed.
Depending on methane leakage rates and fugitive emissions and given the high global
warming potential of methane compared with CO2, fossil-fuel based hydrogen production
appears very likely to emit more GHG per unit of heat energy than direct combustion of
natural gas or coal.
Taking into account realistic CCS rates, blue hydrogen will likely result in substantially higher
CO2 emissions than green hydrogen, will require an expensive and complex rollout of CCS,
including transport of CO2, and raise long-term storage security issues.
Blue hydrogen is likely to be more expensive in the mid and longer term than green hydrogen
and could also suffer substantial market disadvantages as markets increasingly demand green
and zero-carbon products. The IEA has estimated that green hydrogen could be produced for
as low as USD 1.5/kg by 2030 in regions with excellent renewable energy potential and
ultimately as low as USD 1/kg.
Investments in blue hydrogen, particularly when supported by government directly or
indirectly will lock in carbon intensive infrastructure and risk crowding out green hydrogen
and slowing down the rate of cost reduction for this critical technology
LNG trade is projected to collapse under Net Zero pathway
One of the key developments in natural gas use in the energy system in the last decade has
been the rise of liquefied natural gas (LNG), which has been touted as a cleaner alternative to
coal, and for which there are substantial expansion plans globally.
LNG, however is a very carbon intensive fuel source and taking into account emissions in
production, manufacture, distribution and gasification, including methane leakages, may have
a greater GHG footprint than coal-fired generation when used for power production.
Emissions from LNG supply and end use had reached an estimated 1.25 GtCO2e/yr (~17% of
emissions from natural gas) by 2020 and LNG accounted for about 12% of total gas use globally
in 2020 with growth- under present policies to close to 16% of gas demand globally by 2035.
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Figure ES 5 Contribution of LNG to total gas use and fossil fuel C02 emissions globally 2010 to 2035

Reflecting this dynamic, IEA projections under current policies indicate very substantial
growth in the LNG trade, 35% above recent levels by 2030, and nearly doubling above recent
levels by 2050.
In stark contrast to this is the collapse in LNG trade projected under the IEA NZE pathway,
which falls to below present levels by 2030, and half of present levels by 2040. As noted
above, it is very likely the IEA has, even in its NZE pathway, still overestimated the likely
demand for natural gas given the rapid developments in the power sector, the unlikelihood of
CCS rolling out at scale, and the availability of new clear technologies for the so-called hard to
abate sectors.
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Figure ES 6 Historical and projected LNG trade under current policies and the IEA NZE scenario to 2050
The current policy scenario is the IEA WEO21 STEPS scenario. Note that there is a systematic difference between other
published data for the LNG trade, in this case BP statistical data. This discrepancy is also found in other published data. Where
this is relevant in this report we have used the growth rates applied to the published data for LNG trade post 2020.

Case Study: Australia, LNG and the Paris Agreement
Australia is the world’s largest LNG exporter and there are plans for a significant expansion of
this industry. The federal government's annual compilation of major resource and energy
projects indicates 44 new gas projects are under consideration with by far the largest volume
of production designated for export as LNG2. Given these plans for massive investments in
new gas resources and LNG export, and the message from the International Energy Agency in
its NZE report that no new fossil fuel developments are needed in a Paris Agreement
compatible net zero emission pathway, the Australian role in LNG exports becomes a very
interesting case study.
The gas and LNG industry in Australia are still relying on the IEA’s SDS scenarios to justify
ongoing growth in new gas resources, LNG production capacity and to develop new gas
resources to supply existing facilities beyond the end of this decade.

2

https://www.industry.gov.au/publications/resources-and-energy-major-projects-2020
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However, the Australian LNG trade is projected by the IEA NZE pathway to drop much more
rapidly than the global average. As shown in Figure ES-7 the IEA’s Net Zero Scenario envisages
a sharp reduction in LNG demand from the mid 2020s.

Figure ES 7 Relative change in LNG exports post 2020 on NZE for global and Australian market.

One salient examples of the emerging high carbon risks in Australia is the major, planned
expansion of LNG capacity in Western Australia, which would add about 6% to the total LNG
production capacity nationally. It should be emphasized that this is one of several very large
scale developments, including the Barossa gas field off northern Australian, the Canning Basin
in Western Australia and the Betaloo Basin in eastern Australia.
In this example, Woodside Energy is planning to add a second 5 Mt p.a. LNG train to its Pluto
Project, with first shipments planned from 20263, and the company is seeking approvals for
the development of a new gas resource, the Scarborough basin.
What is striking about this development is that the planned start up for Woodside’s Pluto
project coincides with the projected peaking of LNG demand from Australia on a Paris
Agreement compatible pathway that meets the global goal of limiting warming to 1.5°C and
net zero CO2 emissions by 2050.
3

https://www.woodside.com.au/what-we-do/australian-growth-projects/pluto-train-2
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Figure ES-8 below shows the divergence between the present and planned LNG production
capacity and the IEA’s projected demand for LNG.
The Woodside’s proposed Pluto expansion and related Scarborough gas field developments
present a prima facie risk of becoming a stranded asset, possibly threatening the viability of
the company itself, and as well becomes a major test for the finance industry globally as to
the seriousness of their commitment to support the implementation of the Paris Agreement.

Figure ES 8 Relative change in LNG exports post 2020 on NZE for global and Australian market
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Introduction
Decarbonising the energy system is a critical step toward keeping the door open for limiting
warming to within the Paris Agreement’s 1.5°C limit, or long-term temperature goal (LTTG).
Whilst there is a widespread understanding that coal needs to be phased out of the power
sector rapidly if the Paris Agreement LTTG is to be met, there appears to be confusion around
the role of natural gas, with major gas proponents promoting the increasing use of natural gas
as a transition to a longer-term lower carbon energy system, when in fact gas also needs to
be phase out.
There is a lack of consensus on the urgent need to tackle natural gas (Zhang et al. 2016). This
is despite the fact that gas, over the last decade, has accounted for the largest growth of global
fossil CO2 emissions (42% of the growth in the decade 2010 to 2019) and that in 2020, the
natural gas industry was a source around 60% of methane emissions from fossil fuel
production (Friedlingstein et al. 2020; IEA 2021d; Peters et al. 2020).
This paradox is clearly exemplified by actions and positions of many of the actors supporting
the coal phase-out agenda, who are simultaneously supporting narratives and arguments
around the need to maintain, and even increase, the role of natural gas in the energy system:
•

Even governments with climate-motivated polices to reduce coal use and expand
renewable energy markets, like the UK and Germany (which are part of the Powering
Past Coal Alliance), are simultaneously supporting expansion of natural gas-related
infrastructure, and adhering to narratives around the importance of a coal to gas
switch (Bassi et al. 2013; Fitzgerald and Braunger 2019; Muttitt 2021; SEI et al. 2019).
Similarly, countries like China and South Korea, which are trying to limit the role of coal
for power generation as a key measure to tackle air pollution problems, are favouring
natural gas use as an alternative to coal, with lower health externalities (Climate
Analytics 2021a; Wang et al. 2020). While the combustion of natural gas does produce
lower amounts of sulfur, mercury, and particulates than other fossil fuels, it still
produces nitogen oxides (NOx), which can lead to severe respitory illness (Burney
2020). Studies have found that natural gas combined cycle turbines emit more NO x
upon start up than during ongoing operation. With greater renewable pentration into
power grids, natural gas power plants will increasingly move from providing base load
to peaking power, will more frequently start and stop, and consequently may emit NO x
at levels approaching that from coal plants. (Union of Concerned Scientists 2018).

•

For private investors, even the frontrunners in the adoption of policies to restrict coal
insurance and investment as part of climate risk policies - companies such as Axa and
Allianz (which has recently enhanced its coal policies) - have none or vague
commitments when it comes to support to natural gas projects and companies (AXA
2021), or explicity support the role of natural gas in the future of the global energy mix
(Allianz 2018)(Allianz 2016) .
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•

For multilateral organisations, since the World Bank announced its policy of no finance
for new coal power plants in 2013, many other Development Banks and Export Credit
Agencies have followed suit and implemented coal restriction policies (Buckley 2019),
with the African Development Bank being the most recent mover. Yet these
institutions retain their support for gas infrastructure. For example, the recent decision
by the European Investment Bank (EIB), under its ground-breaking policy to end all
lending to unabated fossil fuel energy projects by the end of 2021 and align all funding
decisions with the Paris Agreement, has important exceptions that still allow financing
of gas projects with abated emissions intensities (EIB 2019) 4.

A central argument raised by natural gas proponents is that its use and expansion in the power
sector is desirable and compatible with the global climate mitigation agenda, given that it
provides a lower carbon intensity compared to coal, and its flexible use for electricity
production serves as a bridge to a carbon-free energy system consistent with the Paris climate
goals (IEA 2019c; Levi 2013; Shell 2018; Zhang et al. 2016). In other sectors, gas, and
particularly its use in the production of hydrogen, is argued as necessary for transitioning hard
to abate industry and transport.
This report addresses the implications of natural gas in the energy system for meeting the
Paris Agreement’s 1.5°C limit, and places 1.5°C compatible pathways in the context of the
International Energy Agency scenarios commonly used as benchmarks in global energy
decision making.
Natural gas demand has been growing rapidly across different sectors of the energy system.
In 2019, carbon emissions attributable to natural gas amounted to 7,270 Mt CO2, or 20% of
total energy-related carbon emissions. More importantly, and in line with its increased role in
the energy system, natural gas accounted for 56% of the growth in energy-related carbon
emissions between 2015-19. Natural gas has accounted for the largest recent growth of global
fossil CO2 emissions (42% of the growth in the decade 2010 to 2019).
Between 2018 and 2019, emissions from gas in the power sector grew by 2% even as total
emissions from this sector declined by -0.9%. Moreover, gas accounted for 40% of the increase
in power sector emissions intensity between 2010 and 2019.
In the power sector, gas-fired generation in 2019 amounted to 23 EJ, making up 23% of total
generation and having increased by 15% from 2015 levels. Coal-fired power generation
increased by 4% over the same period.

4

The EIB updated their Emissions Performance Standard from 550 gCO2/kWh to 250 gCO2/kWh. CCS retrofits to existing
coal, oil, and gas projects are eligible for financing provided that they enable the power plants to meet this standard. (EIB
2021).
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Based on stated policies, the IEA forecasts the rapid growth in gas demand to continue. Its
Stated Policies Scenario (STEPS), published in the latest edition of the World Energy Outlook
(IEA 2021f), has gas in TPES growing by 10.6% between 2019 and 2030 (19.4% out to 2040),
as coal declines by 7.3% (17.6%) over the same period(s). Gas-fired power generation
increases by 12% from 2019-30 while that from coal decreases by 11.8%.
This growth, actual and projected, is supported by the ongoing expansion of infrastructure for
natural gas use (e.g., boom in Liquified Natural Gas – LNG terminals) and extraction (Nace,
Plante, and Browning 2019), which has accelerated in the last decade, in particular after the
hydraulic fracturing (fracking) boom, that originated in the US. The global LNG trade grew by
10% in 2018 to 317 million tonnes 5, with new import facilities opening in Panama, Bangladesh,
Japan, China, and Turkey (Jackson et al. 2019).
The growth is also supported by the narrative put forth by natural gas proponents that this
fossil gas can act as a “bridge”, or transition fuel, to a low carbon future energy system. But in
a world where most of the global fossil reserves will have to be left unburned to avoid the
worst consequences of climate change, many have strongly questioned the extent to which
gas should play this bridging role. (Brauers, Braunger, and Jewell 2021; Chen, Reilly, and
Paltsev 2019; Fitzgerald and Braunger 2019; McGlade et al. 2018; McGlade and Ekins 2015;
SEI et al. 2019, 2020).
Some of the key arguments advanced in favour of natural gas as a transition fuel include:
•

Coal-to-gas switching presents an ‘easy win’ for emissions reductions, with the IEA
estimating that an overall emissions reduction of 40% per unit of energy is possible.
This can vary across sectors, with around 50% emissions reductions for electricity
generation, and 33% for heat (IEA 2019a);

•

Natural gas generation also provides co-benefits, including reduced pollution-related
health impacts. A country where this is particularly salient is China, which is pushing
for stronger adoption of natural gas in industrial boilers, largely driven by concerns
over air pollution (Columbia University. n.d.; Tsafos 2014).

•

Aside from the purported emissions benefits of coal-to-gas switching in the power
sector, proponents also argue that natural gas is essential to balance variable
renewable energy (VRE) sources such as solar and wind generation.

In this debate the International Energy Agency’s (IEA) Sustainable Development Scenarios
(SDS) have been used to the support that case that natural gas should play a substantial role
in a future sustainable energy system compatible with the Paris Agreement's long-term
temperature goal. In line with this narrative, major oil and gas companies and other gas
proponents have used the SDS scenarios to promote increasing the use of natural gas as a
transition to a longer-term lower carbon energy system.

5

LNG imports grew by another 13% in 2019 before growth slowed down to around 0.4% in 2020. Natural gas industry
groups such as the International Gas Union and the International Group of Liquified Natural Gas Importers provide annual
reports documenting this trade.
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Lacking in much of this discussion is the question as to what extent, if at all, natural gas plays
a role in the energy mix of a world that meets the 1.5°C Paris Agreement LTTG. The IPCC
Special Report on 1.5°C (SR1.5 henceforth) assesses the latest available science to help answer
this question, with the Summary for Policymakers highlighting that “In modelled 1.5°C
pathways with limited or no overshoot, the use of CCS would allow the electricity generation
share of gas to be approximately 8% (3–11% interquartile range) of global electricity in 2050.”
(IPCC 2018b).
Beyond the electricity system, SR1.5 also noted that in pathways that met the 1.5°C warming
limit, total primary energy demand by mid-century is largely met by non-fossil sources. This
statement is at odds with the continued expansion of gas.
This report critically reviews and unpacks all the key arguments that have been deployed in
favour of large-scale and ongoing use and expansion of natural gas as a bridging fuel or for a
low and zero carbon future.
In doing so the analysis will look at the way in which the IEA SDS scenarios have been deployed,
given their key audience and influence on, amongst others, electricity utilities, institutional
investors, and governments who use these scenarios to guide their understanding of a
sustainable energy transition.
The focus of this report will be on the role of natural gas in primary energy supply and at the
global level in broad terms in the power sector. We will also examine the role of LNG in the
overall gas equation globally and the expected demand for this fuel under Paris Agreement
implementation.
The analysis in this report will show that the role of natural gas as a bridge fuel has been vastly
overstated and that its curtailment and ultimate phase-out will not be more than a decade or
two behind that of coal.

The fossil gas problem
There is growing consensus among a constellation of vital actors, including governments,
investors, and multilateral organisations on the need for a coal phase-out. In the power sector
particularly, this fossil fuel is increasingly seen as financially unviable and environmentally
unsustainable (Asia Investor Group on Climate Change et al. 2021; Buckley 2019; Guterres
2021; IEEFA 2021; PPCA 2021).
This emerging consensus has been influenced by, among other drivers, a remarkable
reduction in the cost of renewable energy, increased pressure to implement pollutionreduction measures, and the introduction of carbon pricing, all of which have accelerated
since the adoption of the Paris Agreement.
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Coal phase-out and the Paris Agreement
The effect of these actions still falls far short of the required reductions in coal-fired power
generation under a Paris Agreement compatible scenario (Climate Analytics 2019a). However,
there are signs that a critical momentum is building around coal phase-out for electricity
production, as evidenced by the consistent decline in key indicators over the past three years.
These include: construction starts, pre-construction activity, and plant completions (Global
Energy Monitor et al. 2021); accelerated closure of coal power plants in electricity markets
traditionally dominated by coal (in some cases like the USA even despite active government
intervention to favour the coal industry) (Myllyvirta, Jones, and Buckley 2019; Shearer 2020);
and declining global average capacity factors for operating coal power plants (Robertson and
Mousavian 2021). Moreover, a growing number of countries and subnational governments
have signed up to a coal phase-out, as is reflected by their membership in the Powering Past
Coal Alliance (PPCA) (PPCA 2021).

Figure 1 Primary energy and electricity generation demands for unabated coal and gas projected under IPCC SR1.5 1.5°C
compatible scenarios
Unabated refers to coal and gas without carbon capture and storage. Solid line = median, ribbon = interquartile range
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Methane, natural gas and the Paris Agreememt
Methane has a 100-year global warming potential 23-34 times that of CO2 and 84-86 times
greater over a 20-year period. As such, reducing methane emissions in the near term is
essential. The recently-released IPCC AR6 WG1 report on the physical science basis of climate
change shows that atmospheric CH4 concentrations are now at their highest level in at least
800,000 years and calls for “strong, rapid, and sustained reductions in CH4 emissions” (IPCC
2021). Historical methane emissions account for about a quarter of present-day global-mean
warming above pre-industrial levels.
Unsurprisingly, methane is a focus of much of the recent climate change policy discussion and
is set to play a prominent role at the UNFCCC’s COP26 in Glasgow (Volcovici 2021)6.
About 360 Mt/yr of methane is emitted annually across the world from a variety of sectors of
economic activity7 with a large proportion of methane resulting from energy supply activities,
i.e., natural-gas based electricity generation, gas production, use of gas for process heat in
industry, and as residential heating. The methane supply chain results in transmission-based
losses (so-called methane leakage) with significantly higher greenhouse gas (equivalent)
emissions than through normal combustion. Energy-related methane emissions total around
140 Mt each year and are rising. (Climate Analytics 2021c). In 2020, the natural gas industry
was a source of around 60% of methane emissions from fossil fuel production.
The agricultural sector is second main source of methane due largely to enteric fermentation
in bovine species from animal husbandry, as well as vegetation deterioration during rice
production and accounts for some 140 Mt/yr of methane emissions. Waste management also
contributes to current methane emissions at a rate of around 80 Mt/yr.
In 1.5°C compatible pathways, methane reductions by 2030 are concentrated in the energy
supply sector, where emissions reductions are due to reduced reliance on natural gas for
energy production. Methane emissions reductions are driven by overall reduction of fossil
fuel consumption for energy, allowing for both CO 2 and CH4 mitigation.
Natural gas and the post-COVID world
While natural gas use has contributed to the reduction of the electricity carbon intensity and
has facilitated the integration of renewables in many power systems around the world, the
advantages of natural gas in the energy transition has been eroding rapidly in recent years.
This can be explained by positive market trends for renewable energy, storage, and flexibility
options (IRENA 2021b; Lazard 2020a), as well as with a better understanding of the GHG
footprint of natural gas.

6
7

For further information see Climate Analytics’ recent reporting (Climate Analytics 2021c)
See (Gütschow et al. 2016)
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Nonetheless, governments have used post-COVID stimulus and recovery packages to invest in
gas projects, as a quick fix to job creation and stimulation of economic activity. A prime
example of this is the world’s largest gas exporter, Australia. In 2020, the Australian
government touted projections that domestic gas usage would rise by at least 20% by 2060,
and strong projected export demand, primarily to other Asian countries, as justifications to
build more fossil fuel infrastructure as part of a “gas-fired” recovery package (Crowe and Foley
2020) 8. In line with this, the Australian government has allocated substantial funding to
natural gas projects, including “blue” hydrogen, in its latest budget. It views this funding as
critical to enable the utilisation of the country’s “abundant coal and gas resources.” (Taylor
2021).
Despite spending cuts, China’s top energy producers announced in May of 2020 that they
would increase gas production by 5% that year (Aizhu and Xu 2020). Since then, natural gas
production has continually increased, with year-on-year growth rates ranging from 3.7% in
August 2020, to 13.7% in December 2020 (National Bureau of Statistics of China 2021).
In the EU, several member states pushed for funding support for natural gas to be included in
the bloc’s recovery package (Reuters 2020). Upon approval, this recovery package left open
the possibility for gas projects to be funded under ambiguous green financing rules (Abnett
and Strupczewski 2021).
The result is that in 2020, natural gas production was less affected by the COVID-19 pandemic
than oil coal and oil (2.5% decrease for gas compared with 6.1% and 4.5% decreases for crude
oil and coal respectively). Moreover, LNG production from major exporting countries (USA,
Australia, Russia) increased, as did imports to Asia, particularly to India and China. (Enerdata
2021).
These examples point to a likely overbuild of gas-related infrastructure that will increase the
risk of locking in a carbon intensive pathway for industries, countries, communities and
economies. In addition, as has been observed in the coal sector, gas capacity overbuild can
substantially increase the risk of stranded assets, missed mitigation targets, and unavoidable
job losses in the sector as the world moves into implementing the Paris Agreement.

8

It should be noted that the 20% increase in domestic gas demand is based on (CSIRO 2019) and was included in the
discussion paper published ahead of the Australian government’s Technology Investment Roadmap (Australian Government
2020b).
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Natural gas as largest source of CO2 growth to 2030
Emblematic of this carbon lock-in risk is the projections put forth under the IEA’s STEPS
regarding energy-related CO2 emissions. Table 1 lists the forecast changes, both absolute and
relative, in CO2 emissions from fossil fuel combustion. There is a stark difference between the
carbon emissions trajectories for coal and natural gas, despite natural gas combustion
producing around half the carbon emissions per unit of energy compared with coal. As we will
show below, including methane emissions in this comparison paints an even bleaker picture.

Change in CO2 emissions % change in CO2 emissions
(Mt) 2019-30
2019-30
Coal

-1281

-8.7%

Oil

350

3.1%

Natural gas

820

11.3%

Total

-111

-0.3%

Table 1: Changes in global total CO2 emissions from fossil fuel combustion under the IEA's STEPS. Source (IEA 2021f)

Additional abatement task relative to STEPS (MT CO2)
APS

SDS

NZE

Coal

872

3993

7572

Oil

940

2123

4267

Natural Gas

676

1160

2130

Total

2 531

7305

14100

Table 2: Additional abatement required, above that in STEPS, under the IEA’s Announced Pledges (APS), Sustainable
Development (SDS), and Net Zero Emissions by 2050 (NZE) scenarios. Source (IEA 2021f)
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Figure 2: Change in CO2 emissions from fossil fuel combustion in IEA scenarios presented in (IEA 2021f)

While these forecasts are uncertain, what is clear is the historic increase in carbon emissions
from natural gas combustion compared to other fossil fuels. The IEA’s latest review shows that
in the period 2014-20, carbon emissions from natural gas increased by 0.8 GtCO 2 while that
from oil and coal decreased by 0.6 GtCO2 and 1.1 GtCO2 respectively. It is expected that 2021
will see carbon emissions from gas reach an all-time high of 7.35 GtCO2. (IEA 2021b).

Unpacking fossil gas as a transition fuel
In the section we examine and critique the key arguments used by proponents of natural
(fossil) gas as to why this fuel should play an important role in a Paris Agreement compatible
future energy system.
To do so, it is instructive to recall that the Paris Agreement is a legally binding document which
states that the Parties to the Agreement agree, in aiming to strengthen the global response to
the threat of climate change, to hold “the increase in the global average temperature to well
below 2°C above pre-industrial levels” and pursue “efforts to limit the temperature increase
to 1.5°C above pre-industrial levels.” (UNFCCC 2015).
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Coal to gas switching
Coal to gas switching has been a feature of energy system transformation in several countries
over the last 30 years. This has resulted in a reduction of carbon dioxide (CO 2) emissions, as
natural gas combustion can produce around half the CO2 per unit of primary energy compared
with coal combustion.
For example, Australia’s National Greenhouse Accounts (NGA) Factors lists the carbon
emissions factors for the combustion of bituminous coal and brown coal as 90 and 93 kg
CO2/GJ respectively, while that of natural gas combustion is listed as 51.4 kg CO 2/GJ.
Importantly, the NGA factors list methane (CH4) emissions from natural gas combustion at 0.10.2 kg CO2e/GJ, slightly more than that from coal combustion 9. (Australian Government 2021).
While the combustion of natural gas does emit less CO 2 than coal, there is a growing body of
literature which shows that CH4 emissions from natural gas over its entire lifecycle are critically
underestimated (Hayhoe et al. 2002; Hmiel et al. 2020; Howarth, Santoro, and Ingraffea 2011;
Wigley 2011). Of particular significance is the issue of “fugitive” methane emissions resulting
from natural gas production. Recent investigations have brought to light serious issues with
Australia’s reporting on these emissions and their impact on Australia’s total GHG emissions
(Lafleur et al. 2016; Morton 2020). Regardless of the emissions factor used, a clear upward
trend in fugitive emissions is observable, coinciding with increased natural gas production in
Australia (Australian Government 2021b; Canadell et al. 2020).
In terms of the larger picture of coal to gas switching in the context of low and zero carbon
energy transition the IEA has also recently expressed reservations:
“The emissions reductions from coal-to-gas switching are significant, but beating the
most carbon-intensive fuel is not in itself a persuasive case for gas if there are lower
emissions and lower-cost alternatives to both fuels.”
“The falling cost of renewable technologies in the power sector is the clearest case in
point. In many markets, wind and solar PV are already among the cheapest options for
new generation.”
Particularly in Asia, where coal-fired power stations are relatively young, the opportunity for
gas switching is limited and the IEA acknowledges the importance of renewable energy and
efficiency measures as “the most important drivers of the energy sector transition.” (IEA
2019c).10

9

Note that the 51.4 kg CO2/kJ for natural gas combustion applies to natural gas distributed in a pipeline, coal seam
methane, compressed natural gas, unprocessed natural gas, and LNG. Coal mine waste gas has a slightly higher factor of
51.9 kg CO2/kJ. Similarly, the CH4 emissions factor is higher for coal mine waste gas. Bituminous coal and brown coal have
CH4 emissions factors of 0.04 and 0.02 kg CO2e/kJ respectively.
10 See pages 19 and 42 of (IEA 2019c).
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Does natural gas help or hinder renewable integration?
As we have seen, the switch from coal to gas has helped lower carbon emissions and thus
studies have found that the use of natural gas has had immediate and local positive effects
and may continue to do so in the short term. However, reliance on natural gas, and long term
investment in its associated infrastructure comes with the risk of carbon lock-in and crowding
out of investment in renewable energy. (Gürsan and de Gooyert 2021).
There is an assumption, embedded in the narrative that natural gas facilitates renewable
energy integration, that gas will only ever compete with other fossil fuels, mainly coal. The
danger of this assumption is made clear when one considers the concept of technological
learning, the observed decrease in a technology’s unit cost correlated with increases in
manufacturing experience (McDonald and Schrattenholzer 2001).
Taken as a dynamic feedback, investment in a particular technology, in this case natural gas,
over another, renewables, increases the viability of the former and thus makes it more
attractive for future investment. We are heading toward this very dynamic, exacerbating
carbon lock-in, and higher emissions than what otherwise have been the case.
This effect can already be seen in Asian countries such as Vietnam and Bangladesh. Rooftop
solar deployment in Vietnam has increased remarkably in 2020, rising from just below 400
MW of peak capacity to over 9,000 MW. Nevertheless, the country’s latest draft long term
power plan has capped solar additions at 2 GW while simultaneously planning for 18 GW of
additional LNG power plants. (Nicholas 2021). A likely explanation for this is foreign
investment from companies such as ExxonMobil and Mitsubishi in proposed projects totalling
almost 93 GW of LNG power plant capacity (Vu 2021).
Beyond private investment, in countries such as Bangladesh and Pakistan, public monies are
allocated towards fossil fuel subsidies in the form of capacity payments, often despite existing
overcapacity issues. Moreover, as these countries import fossil fuels such as coal and natural
gas, the subsidies increase their exposure to electricity price volatility. (Nicholas 2021). These
are just some examples of the risks arising from the crowding out and carbon-lock in effects
that would only be exacerbated by further investment in natural gas.
For these and other reasons, the notion that natural gas can serve as a bridge to a low carbon,
renewables-based energy system has been increasingly questioned (SEI et al. 2019).
Perhaps the strongest argument against this is the rapidly decreasing levelised costs of
renewable energy and storage and the corresponding increase in their cost competitiveness
with fossil fuels, particularly gas (Lazard 2020a, 2020b)11.

11

See discussion on renewables cost competitiveness in section “Carbon, capture, and storage (CCS)” below.
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Gas in “hard to abate” sectors
Energy-intensive industries and transport present a challenge for decarbonisation efforts
under Paris Agreement compatible pathways. Of particular concern are steelmaking, fertiliser
and cement manufacturing, aviation, maritime shipping, and long-haul transport. Hydrogen is
increasingly seen as critical to emissions reductions in several of these hard to abate sectors.
While hydrogen based on fossil fuels could meet energy demand in these sectors, it would not
be able to sufficiently reduce emissions in line with the net zero targets of governments who
have signed up to the Paris Agreement. For this, “green” hydrogen produced using renewable
energy is needed. (IRENA 2020, 2021a).
However, it should be noted that hydrogen is one of several options to reduce emissions in
the hard-to-abate industry and transportation sectors. Energy efficiency, direct electrification,
and renewables such as bioenergy are also important (IRENA 2021a).
Previous analysis of Paris Agreement compatible benchmarks for the industrial sector has
shown that decarbonising the thermal energy mix, through increased use of biomass, will
likely play a prominent role in reducing emissions from cement production. To produce steel,
reducing the iron input is critical. While current methods to directly reduce iron rely heavily
on natural gas, this can be replaced by biogas or hydrogen. Under the condition that the
electricity used for reduction or for producing hydrogen is clean, the direct reduced iron route
has the potential to achieve full decarbonisation in steel production. (Climate Action Tracker
2020).
With regards to natural gas use in shipping, in its fourth GHG study, the International Maritime
Organisation finds that methane emissions from maritime activities have increased 150%
between 2012-2018. This is mostly due to the increased use of LNG-fuelled engines, as LNG
replaces carbon intensive heavy fuel oil.
While the link between rising GHG emissions and greater uptake of LNG is already observable,
the risks of carbon lock-in and crowding out investment in renewables in this sector are of
great concern. This is particularly the case as more funding is being directed towards LNG
infrastructure despite increasing environmental regulation such as the recent inclusion of
international maritime emissions in the EU’s emission trading scheme (EU-ETS). (Climate
Action Tracker 2021b).
It appears increasingly likely that green hydrogen and/ or ammonia offer the best pathway to
ultimately decarbonise shipping, a position which has been put to the European Union by
industry groups12.

12

https://www.transportenvironment.org/discover/future-shipping-fuel-green-hydrogen-and-ammonia-industry-groupstell-eu/
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Blue hydrogen as a transition to Green hydrogen?
Hydrogen is seen by many as a necessary component of future low carbon energy systems,
particularly for the so-called hard to abate sectors such as steel, fertilizer, chemicals.
The IEA reports that demand for hydrogen, in its pure form, has increased threefold since 1975
and is currently around 70 MtH2 p.a. If hydrogen mixed with other gases is included,
production increases to around 120 Mt, equating to about 14.4 EJ, or about 4% of global final
energy and non-energy use. (IEA 2019b).
Due to most hydrogen being supplied from processes involving fossil fuels (around 95%), the
production of hydrogen accounts for 830 MtCO 2 emissions per year. Around 6% of global
natural gas use goes towards hydrogen production. (IEA 2019b; IRENA 2019). With regards to
heat output, with the currently-available technologies, the thermal efficiency of producing
hydrogen from natural gas sits at around 70-75% (Kalamaras and Efstathiou 2013).
Emission intensity of Blue Hydrogen
When compared to direct combustion, 25% more natural gas is needed to produce the same
amount of heat energy from methane to hydrogen conversion processes.
The majority of the hydrogen produced today is through the process of steam methane
reforming and would be classified as “grey” (Howarth and Jacobson 2021; Kalamaras and
Efstathiou 2013).
“Blue” hydrogen uses the same fossil fuel-based processes as “grey” but is coupled with
carbon capture and storage. Currently, there are three commercial scale “blue” hydrogen
production facilities in operation and another 13 in early development stage and expected to
come on-line sometime in the mid-2020s (Global CCS Institute 2021a)13.
Carbon emissions from the steam methane reforming process have been estimated to be in
the range of 74-78 gCO2/MJ of hydrogen produced (Howarth and Jacobson 2021; Longden et
al. 2021; Sun et al. 2019). However, considering fugitive methane emissions, total GHG
emissions could increase to up to 153 gCO2e/MJ14.

13

Of the “blue” hydrogen facilities in operation, two are located in Canada and one in the US. Note that only one of these
facilities is categorised as being both in the hydrogen production industry and having dedicated geological storage. In terms
of projects under development, the majority of these are located in the UK and the Netherlands (six and five facilities
respectively) (Global CCS Institute 2021a). In Australia, a pilot project is currently under construction and, pending
successful demonstration, will move to commercial operation sometime in the 2030s (Hydrogen Engineering Australia
2020)
14 Note that some studies have used IPCC default emissions factors to determine the fugitive emissions associated with the
steam methane reforming (SMR) process. They have thus arrived at a value of around 13 ± 6 gCO 2e/MJ. (Longden et al.
2021). The value quoted here comes from a study which has estmated fugitive emissions using synthesized ‘top-down’ data
from satellite and airplane fly-over readings of methane emissions over major natural gas fields in the U.S. and similar
reading of methane leakage during storage and transportation. They thus arrive at a value of 3.5% methane leakage for
each unit of methane consumed (gCH4/MJ) in the SME process. (Howarth and Jacobson 2021).
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Recent studies show that while the introduction of CCS reduces CO2 emissions by 32-47%
depending on the use of flue gas, methane emissions increase by 12-23%, so that on balance,
GHG emissions from “blue” hydrogen are only 9-12% lower than “grey.”
Assuming a rate of 3.5% methane leakage, and given the high global warming potential of
methane compared with carbon, fossil-fuel based hydrogen production emits significantly
more GHG per unit of heat energy than direct combustion of natural gas or coal. (Howarth
and Jacobson 2021).
Costs of Blue vs Green Hydrogen
With regards to cost, blue hydrogen from steam methane reforming currently sits in a range
of 1.45-2.4 USD/kg H2 and this is mainly sensitive to the price of the natural gas feedstock.
Generally, the addition of CCS increases operational and capital expenses, the latter by around
50%. (IEA 2019b; IRENA 2021b). Recent estimates put the cost of CCS for blue hydrogen
production, with a 90% capture rate, at USD 76/tCO2 (Longden et al. 2021). This would equate
to around 0.7 USD/kg H2.15
The cost of hydrogen produced using electrolysers is mostly sensitive to the cost of electricity,
the capital cost of the electrolyser, and the annual operating hours. One should note however,
that the levelised cost of electrolyser-produced hydrogen becomes increasingly less sensitive
to capital costs as full load hours increase. (IEA 2019b; IRENA 2021b). Recent estimates put
the present-day cost of hydrogen produced through electrolysis at USD 3.64/kg H2. To be sure,
this is the median of a range whose lower end meets the median value of the blue hydrogen
cost range stated above, i.e., around 2.1 USD/kg H 2. However, these renewable based
hydrogen costs could be cut by around half or more when accounting for trends in the cost of
electricity from solar and wind. (Longden et al. 2021).
The important point here is that low-cost green hydrogen, produced from electrolysers using
renewable electricity, is likely achievable in the near future. The outlook suggests that the
costs of solar and wind will continue to decrease, resulting in lower electricity costs, and that
electrolyser capacities will increase leading to cost reductions, through economies of scale, in
the manufacturing process. Meanwhile the cost sensitivity for fossil fuel-based hydrogen will
likely go in the opposite direction as the price of carbon increases in both magnitude and
scope. As achieving high carbon capture rates is costly and because CCS technology is not at
all effective against fugitive methane emissions, CCS does not appear to be an effective hedge
against t increasing carbon prices.
The important point here is that low-cost green hydrogen, produced from electrolysers using
renewable electricity, is achievable, particularly as the costs of solar and wind continue to
decrease and as electrolyser capacities increase and associated costs are reduced through
economies of scale in the manufacturing process.

15

Here we have used median of the estimated carbon emissions range for SMR processes quoted above, i.e., 76 gCO 2/MJ,
and the lower end of the generally accepted range of energy density of hyydrogen, 120-142 MJ/kg (Fung 2005).
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In line with this, the IEA, in assessing hydrogen supply systems with dedicated electricity
generation from renewables, estimated the potential cost for renewable hydrogen in Australia
at 2-2.4 USD/kg H2 (IEA 2019b). A more recent study, specifically focused on Australia, puts
the potential cost at about 2.7 AUD/kg H2, in line with the lower range of the IEA estimate16
(Yates et al. 2020).
The recent 2021 Global Hydrogen Review of the International Energy Agency 17 found that the
lowest cost renewable regions hydrogen could be produced for as low as 1.5 USD/kg by 2030,
comparable to cost of blue hydrogen, and beyond this time to for 1.0 USD/kg which is costcompetitive with natural gas without CCS.
A recent by researchers at the Australian National University found that it is likely that the
costs of producing green hydrogen will drop relatively rapidly but the cost of producing blue
hydrogen was CCS a likely to remain fairly stable. Factoring in future carbon prices also swung
the cost-effective equation towards green hydrogen. In terms of the strategic question about
the rollout of Blue versus Breen hydrogen they made a very important finding:
“As CCS and fossil fuel-based facilities have long lifetimes, early investment in fossil fuel-based
hydrogen production creates a risk of lock-in. Tightening carbon constraints combined with
decreases in the cost of hydrogen from electrolysis will raise the possibility that natural gas
and coal- based hydrogen production assets could become stranded.”
The bottom line is that blue hydrogen will result in substantially higher CO2 emissions than
green hydrogen, will require expensive and complex rollout of carbon capture and storage,
including transport of CO2, and long-term storage security issues, is likely to be more
expensive in the mid and longer term than green hydrogen, and could also suffer substantial
market disadvantages as markets increasingly demand green and zero carbon products.
Carbon, Capture, and Storage (CCS)
The IPCC assessment of mitigation pathways clearly shows the continued use of natural gas in
the power sector would only be consistent with the Paris Agreement if used with CCS (Climate
Analytics 2019b). Even then it would play only a small role in electricity generation by 2050 at
around 8% of global electricity generation (IPCC 2018a). Although CO2 capture rates of 80-90%
are widely cited, observed rates from commercial facilities in operation range from 53% to
90% (Howarth and Jacobson 2021) 18. As such, the use of gas with CCS would have to be
balanced out with additional carbon dioxide removal (CDR) in order to reach zero CO 2
emissions by mid-century.

16

(Yates et al. 2020) assume combined system capital cost of around 1,400 AUD/kW (including cost of the PV system and
the electrolyser), a 1 GW plant capacity, and an energy consumption of 50-52 kWh/kg. The authors note that the capital
cost value could be achieved by reduction in the electrolyser cost alone if these were to fall to 600 AUD/kW. This
electrolyser capital cost is around the middle of the range considered in (IEA 2019b).
17 https://www.iea.org/reports/global-hydrogen-review-2021
18 On CO capture rates for CCS plants, see (Budinis et al. 2018) or (James et al. 2019). While more recent studies have
2
shown that capture rates greater than 90% are possible at relatively low marginal costs, current policy initiatives are
unlikely to enable the deployment of such (Brandl et al. 2021).
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CCS is too expensive
Lazard's most recent review of the levelised cost of energy shows that solar photovoltaic (PV),
particularly utility scale, but also often in the case of rooftop, is less expensive than gas peaking
units, and wind is increasingly cost competitive with natural gas combined cycle power plants
(Lazard 2020a). While that report is careful to state that without storage, solar PV and wind
“lack the dispatch characteristics, and associated benefits” of conventional technologies,
Lazard’s review of the levelised cost of storage shows that for “in-front-of-the-meter”
applications, solar PV and storage systems are already cost competitive with gas peaking units
(Lazard 2020b).
The cost competitiveness of renewable energy and storage systems is expected to increase as
declining cost trends are expected to continue for some time (IRENA 2021b). Adding in CCS to
gas units would increase this already decisive economic advantage of renewables over natural
gas power plant in many energy markets (Lazard 2020a).
Fossil-fuel power plants with CCS have an energy penalty associated with the addition of a CCS
unit. For natural gas power plants, this energy penalty can range from 5 – 20%, depending on
the type of technology (Budinis et al. 2018). Coupled with the already high marginal cost of
natural gas generation, and considering the rapidly falling costs of battery storage for shortterm grid balancing (highlighted below), the feasibility of natural gas with CCS for grid
balancing purposes is increasingly questionable, or just completely uneconomic. For example,
recent technical work by Californian utilities indicates that due to the reducing costs of solar
photovoltaics and battery storage Gas Peaker plant are increasingly non-economic in
important electricity markets (Bullard 2020).
The political, economic, social and technical feasibility of solar and wind energy, and electricity
storage technologies has improved dramatically over the past few years, with costs dropping
rapidly and corresponding growth trajectories much faster over recent years than expected
(IRENA 2021b).
CCS in the power sector has not shown similar improvements. A 2015 review (Rubin, Davison,
and Herzog 2015) showed the costs of CO2 capture from a range of power plants had increased
by around 32-49% compared to the costs estimated in the 2005 IPCC Special Report on CCS
(IPCC 2005) when compared on a like for like basis.
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For natural gas combined cycle (NGCC) plants with CCS, another study (Rubin, Davison, and
Herzog 2015) gave a cost of CO2 captured in the range of USD 2020 53-123/tCO219. The Global
CCS Institute, in its latest review of the technology, has the current cost range for carbon
capture at NGCC power plants with CCS at around USD2020 48-119/tCO2. Note that this is the
cost of only capturing carbon, and does not include associated costs from downstream
compression, transportation, injection, and geological storage. (Kearns, Liu, and Consoli
2021).

Figure 3 Levelised Cost of Electricity of different generation technologies in 2020.
Source: Own elaboration based on (IRENA 2021b; Kearns, Liu, and Consoli 2021; Lazard 2020a).

CCS and increased water demand
Further, the inclusion of a CCS unit increases the water withdrawal rate of power plants for
cooling purposes. A recent study finds that a third of the world’s coal power plants experience
water scarcity for five or more months per year, and many countries lack sufficient water
resources to meet the additional water demands of CCS technologies (Rosa et al. 2020). This
is an insight which also applies to new gas power plants.

19

Note that here we have adjusted for inflation. (Rubin, Davison, and Herzog 2015) report a cost of CO2 captured of 48-111
USD2013/tCO2. To adjust prices, we have used USD GDP deflator taken from https://fred.stlouisfed.org/series/GDPDEF.
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Absence of serious engagement by private sector
These concerns, coupled with leakage risks, lack of public support, and concerns over the
potential for ‘greenwashing’ call into question the political, technical, economic and social
feasibility of CCS (Lipponen et al. 2017)).
Despite much hype from industry over the years, research indicates that there is not a high
level of substantive interest from the fossil fuel industry in investing in CCS technology and
infrastructure (Braunreiter and Bennett 2017). Braunreiter and Bennett concluded that “In
several cases, CCS engagement has served the strategic need to weaken the link between
fossil fuel extraction and climate change, build up shareholder trust, and improve public
perception. However, there is little evidence that these companies engage in CCS to develop
a strategic insurance against climate policy risks to their core businesses” (Braunreiter and
Bennett 2017).
Absence of serious planning for CCS infrastructure
A factor which is often overlooked in political discussions about the application of CCS in the
power sector is the question of transport and secure geological storage of the captured carbon
dioxide. Looking at the present development of CCS technology in the power sector, one sees
a lack of preparation, planning, and even basic feasibility studies before the multitude
gigatonne transport and storage of CO2 per annum envisaged by many mitigation pathways.
As a consequence, it is very difficult to imagine a massive and rapid ramp up of investment in
this area in any major economy sufficient to meet the scale of CCS requirements.
Currently there are 27 large scale CCS facilities in operation around the world, and another
three under construction. The CCS facilities in operation have a maximum capture capacity of
around 38.6 MtCO2 p.a. (Global CCS Institute 2021b). However, one notes that in operation,
these projects fail to realise their maximum capacity, as exemplified by the recently
mothballed Petra Nova facility in Texas which captured around 15.7% less than the maximum
capacity over its three years of operation (Wamsted and Schlissel 2020). The Gorgon facility
in Western Australia has faced repeated delays in commencing operation and, once on line,
operated at only 70% of maximum capacity in 2020 before again facing difficulties, resulting
in reduced capture rates (Milne 2021).
Of the 26 large scale CCS plants currently in operation, only six, with a combined maximum
capture capacity of 10.1 MtCO2 p.a., are dedicated to geological storage of carbon (Global CCS
Institute 2021b). In at least the case of the Canadian Boundary Dam CCS plant, only around
70% of the captured CO2 remains underground20.

20

https://www.pembina.org/pub/2458 and see also https://reneweconomy.com.au/does-best-ccs-power-station-in-worldprovide-model-for-australia-72476/
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In the pipeline are 84 further dedicated geological storage CCS projects, with a combined
maximum capacity of 82.2 MtCO2 p.a., set to go into operation by the mid to late 2020s21
(Global CCS Institute 2021b). The IEA has argued that carbon, capture, utilisation, and storage
(CCUS) will need to significantly ramp up in a transition to net zero emissions, reaching 5,635
MtCO2 p.a. and 6,970 MtCO2 p.a. by 2050 in the SDS and NZE respectively22.
Assuming that all CCS plants currently constructed and in development are operating at
maximum capacity by 2025, the IEA numbers would necessitate a 15-16% compound annual
growth rate over the subsequent 25 years. Median year-on-year growth over the last five
years has been around 4.4%.
For natural gas in the IEA Net Zero pathway most CCS use is projected outside the power
sector so that by 2030 about 15% of gas used would be subject to CCS, whereas only 2%
deployed in the power sector.
Given what is called for by the IEA, the current CCS outlook seems inadequate for the serious
at scale deployment of CCS required. The fact that the most recent Global CCS review indicates
that power plants fitted with CCS will, at most, be capturing and storing 35.5 MtCO2 annually
by the mid to late 2020s is indicative of this.
On the other hand, renewable energy technology deployment along with storage is already
accelerating in most places and does not require the additional and costly massive
engineering, transport and storage operations of CCS. Keeping in mind the significant cobenefits of renewable energy technology, and strong concerns over the economic and
sustainability viability of CCS at the scale required, we argue that the significant deployment
of CCS projects is very unlikely, nor economically unviable.
The use of CCS as a mitigation option in many scenarios is assessed on the basis of capacity
factors in the order of 80–90%, which is not likely to be achieved in combination with a high
penetration of variable renewables. Due to the high marginal cost of electricity production,
CCS plants would be pushed out of operation first (Brouwer, 2015).

21

This is out of 91 projects in the pipeline with a combined maximum capacity of around 126 MtCO2 p.a. Out of the capacity
dedicated to geological storage, projects in the power sector account for 35.5 MtCO2, hydrogen production 9.65 MtCO2,
ethanol production 9.46 MtCO2, and natural gas processing 6.34 MtCO2 (Global CCS Institute 2021b). It should be noted
that the capacity of total projets in the pipeline grew by 68% from what was given in (Global CCS Institute 2020).
22 For SDS figures see (IEA 2020a), for NZE see (IEA 2021e)
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Natural gas in IEA Sustainable Development
Scenario (SDS) Scenarios
The IEA introduced the Sustainable Development Scenario (SDS) in 2017, and has updated this
in 2018, 2019, 2020, and most recently in 2021, as part of its World Energy Outlook.
Whilst the IEA has historically argued that the SDS scenarios were fully Paris Agreement
compatible23 (IEA 2019d), they are clearly not24. This has previously led to calls in the climate
expert community that the IEA should prepare a fully 1.5° Paris agreement compatible energy
system transformation study that goes significantly beyond the present IEA SDS scenario 25.
These calls were answered when the IEA published its Net Zero Emissions by 2050 (NZE)
scenario earlier this year (IEA 2021e). In this section we focus analysis on the SDS because this
scenario features prominently in the narrative put forth by natural gas proponents 26.
IEA SDS Scenarios used as Paris compatible scenarios by fossil fuel industry
The IEA has a large influence on electricity utilities, institutional investors, and governments
who use the agency’s scenarios to guide their understanding of not only current energy trends,
but importantly, what constitutes a sustainable energy transition.
The World Energy Outlook (WEO), published annually, includes energy system projections for
stated policies (STEPS) and sustainable development scenarios (SDS). The latter features
prominently in many oil and gas majors’ reports on risk arising from climate action, and
particularly in projections of natural gas demand under global warming limits (Chevron
Corporation 2021; Exxon Mobil Corporation 2021; Santos Limited 2021; Woodside 2020).
Due to the way in which the IEA has characterised its SDS, major fossil fuel industries have
tended to use this as a reference point for Paris Agreement compatibility in relation to their
business plans and activities, notably in the natural gas area. Woodside, for example, argues
the International Energy Agency (IEA) Sustainable Development Scenario “aligns with the
Paris Agreement ambition to hold global temperature rises below 2 degrees Celsius this
century” (Woodside 2019)(McConnell and Grant 2019).

23

(IEA 2019d) p. 128
The IEA has previously explained that under their SDS, global energy-related emissions would fall to 10GtCO2 in 2050 and
reach net zero in 2070. In the SDS net emissions would need to turn negative and around 300 Gt CO2 would need to be
sequestered from the air by 2100 to provide a 50% chance of limiting temperature rise to below 1.5°C (IEA 2019d). The IEA
reiterates this analysis in (IEA 2020b).
25 https://mission2020.global/letter-to-iea/
26 Also, in 2017 the IEA published a “Beyond 2°C scenario” (B2DS) that also claims to be Paris Agreement compatible, but
according to the IEA’s own estimates limits warming to no lower than 1.75°C. Our own MAGICC simulations find a
somewhat lower peak temperature of around 1.6°C, which we trace back to assumptions on the total warming due to nonCO2 GHGs . The B2DS scenario does not decrease significantly toward the end of the century, remaining at a warming of
1.6°C due to the IEA assumption that the energy sector does not have net negative emissions . Whilst close, we therefore
do not see the B2DS as fully Paris Agreement compatible, as it does not return warming to be 1.5°C or below by 2100.
24
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Significantly lower gas demand in 2021 SDS Scenario
The IEA has gradually revised down the share of natural gas in power in subsequent editions
of the SDS, particularly its share in 2040, even as total power generation has increased.
However, the SDS projections for gas’ share in primary energy in 2040 did not significantly
decrease until the most recent WEO in 2021.
Perhaps more importantly as it pertains to the narrative put forth by gas proponents, the IEA’s
release of its Net Zero Emissions by 2050 (NZE) scenario in May 2021 presents a striking
rebuttal. The NZE scenario is compatible with the Paris Agreement’s LTTG and has gas playing
a much smaller role in power generation and primary energy than the SDS scenarios over all
timeframes27.
As shown in Figure 4, until recently the SDS had gas in total primary energy (TPES) increasing
through the 2030s. While the latest editions have brought forward the peaking year to 2025,
the projected 2040 level remained around 140 EJ (around 24% of the total) until the latest
edition (2020), which now sees gas in TPES fall to 123 EJ (23% of total) in 2040.
Figure 4 also shows how natural gas use increased rapidly between 2014-19, and indeed
consistently surpassed the IEA’s SDS projections from preceding years28. This indicates that,
at least in recent years, natural gas use has not followed the IEA’s definition of a sustainable
trajectory.

Figure 4: Power generation from gas (EJ of IEA SDS scenarios 2016-2021 vs IEA NZE. As given in subsequent editions of the
IEA's WEO, for various scenarios.

27

These projections are analysed in more detail below.
The historical data from 2014-2019 seems to follow a quadratic trend, in contrast to the more linear short term forecasts
used in subsequent editions of the IEA’s SDS. Note that in Figure 4 we have used quadratic trends to interpolate between
data points provided for the SDS projections out to 2040 in the IEA’s reporting.
28
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The IEA’s projections for the power sector provides a good insight into how it, and likely its audience,
differentiates between coal and gas. In its 2020 version of the SDS the IEA still has gas accounting for
around 20.5% of total power generation in 2030, a value that has changed little from previous editions.
Moreover, as can be seen in Figure 5, while the IEA has consistently projected the level of coal fired
generation to fall by half, or more, between 2030 and 2040, the level of gas generation falls by much
less (20% reduction in WEO editions up to 2019, 30% in the 2020 edition).

Figure 5: Projected 2030 and 2040 power generation mix (EJ) under IEA scenarios.

SDS Scenarios reliance CCS
While the cost and complexity of CCS deployment is mentioned in the SDS discussions 29 there
is little evident effort to critically review the present, observed rate of deployment and cost
trends for this technology and how this may affect the extremely rapid deployment rates
assumed in the SDS transition.
On the other hand, there is some effort made to explain why the recent rates of improvement
in the cost of renewable energy technologies may not continue into the future 30. Given the
concerns outlined in the preceding section of this report of the reliance on CCS to lie within
the bounds of the Paris Agreement pathways, this calls into question the wisdom of relatively
heavy reliance on gas in the WEO 2021 SDS (see Figure 2).

29
30

IEA WEO 2019 p. 121
IEA WEO 2019 p. 120
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Natural gas in Paris Agreement compatible pathways
It is of paramount importance that there is a general understanding of the role of natural gas
in 1.5°C compatible pathways consistent with the implementation of the Paris Agreement and
hence provide a guide to the role of natural gas in the energy transition.
The wrong representation of the role of gas in the energy transition can severely impact
financial and policy decision making. This will hold back progress in alternatives to fossil fuels
in power generation such as renewable energy generation capacity, energy efficiency, storage
and flexibility, at a time when acceleration in progress in all these areas is needed.
Paris Agreement 1.5°C warming limit
The Paris Agreement LTTG is an explicit strengthening of the “hold warming below 2°C” goal
agreed in Cancun in 2010 (UNFCCC 2010) and establishes the goal of holding warming well
below 2°C, pursuing efforts to limiting it to 1.5°C above pre-industrial (Wachsmuth, Schaeffer,
and Hare 2018). The strengthening of the long-term temperature goal aimed for by climate
policy has very substantial implications for energy system transformation.
Pathways compatible with the Paris Agreement must significantly increase both the margin
and likelihood by which warming is kept below 2°C when compared with “hold below 2°C”
emissions pathways and have a clear line of sight to limiting warming to 1.5° or below.
Energy system pathways compatible with the Paris Agreement’s LTTG were reviewed in the
IPCC Special Report on 1.5° (IPCC 2018b). The IPCC SR1.5 defines 1.5° compatible pathways as
those that hold global warming to 1.5°C or below, with no or only a limited overshoot of this
warming level (by <0.1°C and hence peak warming of <1.6°C) and return warming to below
1.5° by 2100 with 50% or greater probability.
Paris Pathways from the IPCC Special Report on 1.5°C
To better understand the role of gas in the energy transition, we investigate scenario pathways
underlying the IPCC Special Report on 1.5°C (Huppmann et al. 2018). This allows us to derive
trends related to possible future gas use in a world consistent with the Paris Agreement.
These global pathways are defined as those that limit warming to 1.5°C with no or limited
overshoot (<0.1°C). In these pathways, the increase of global average temperature above its
pre-industrial level is limited to below 1.6°C for the whole twenty-first century and below
1.5°C by 2100 (typically 1.3°C). (Welder et al. 2021).
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From the range of global least cost pathways included in (IPCC 2018a), a suite of 18 pathways
are selected as they meet sustainability criteria around the use of carbon dioxide removal
(CDR) options. Namely, that the use of bioenergy with carbon capture and sequestration
(BECCS) is limited to below 5 GtCO₂ p.a., and that the use of afforestation and reforestation is
limited to below 3.6 GtCO₂ p.a., by 2050. In addition, further criteria related to energy
efficiency improvements, and carbon intensity reductions, in line with recently published
estimates are applied (Warszawski et al. 2021).The selection of pathways used here will be
described in further detail in an upcoming report focussed on natural gas benchmarks in the
power sector (Climate Analytics, n.d.).
First, we look at total primary energy. In Figure 6, we show the range of projections for
unabated natural gas use (i.e. gas without CCS) in TPES from the suite of 18 Paris Agreement
compatible pathways, with the median and interquartile ranges (25th and 75th percentile)
indicated. All scenarios have natural gas peaking in 2020, at a median level of 128 EJ and with
at least 75% projecting a level of 138 EJ or less in that year. Out to 2030, the median gas use
level decreases to 89 EJ. While interquartile ranges remain relatively close to the median (14%
and 11% deviation respectively) in 2030, some pathways do have natural gas use decreasing
to around 15 EJ already in this year. By 2040, gas use has decreased to 43 EJ for the median of
the suit of pathways.

Figure 6: Unabated gas in total primary energy demand under Paris Agreement compatible global pathways.
The shaded area indicated the minimum and maximum of the range of the 18 pathways analysed. The dashed lines show the
interquartile (25th and 75th percentile) range.
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Figure 7 shows unabated natural gas use in the power sector for the median and interquartile
range of the 18 Paris Agreement compatible pathways. As is the case for TPES, gas use for
electricity production peaks around 2020, is more than halved by 2040, and falls quickly out
to 2050.

Figure 7: Unabated gas use in power the power sector under Paris Agreement compatible global pathways.
The shaded area indicated the minimum and maximum of the range of the 18 pathways analysed. The dashed lines show the
interquartile (25th and 75th percentile) range.

We may also examine the role of natural gas power plants equipped with CCS under Paris
Agreement compatible scenarios. As shown in Figure 8, even with abatement, natural gas
generation will fall to about half of its current level by 2040, and its continued use will
increasingly rely on substantial deployment of CCS technologies. Gas generation equipped
with CCS increases from zero to accounting for almost half (47%) of total gas generation by
2040. Nonetheless, it is at best questionable to assume that such levels of deployment will be
realised by that time. Indeed, as we have shown, replacing gas with renewable energy
technologies is likely to be more economically viable, and certainly more Paris Agreement
compatible.
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Figure 8: Gas generation with and without CCS under Paris Agreement compatible pathways.
Error bars indicate the interquartile (25th and 75th percentile) range of total gas generation over the 18 pathways analysed.

Looking at both the trajectories for natural gas in TPES and in the power sector, several key
observations are apparent.
First, the modelled Paris Agreement compatible pathways recreate fairly well the actual
trajectory taken over the last decade. In the latest WEO, the IEA puts the level of natural gas
in TPES at 115 EJ in 2010 and 139 EJ in 2020 (17.4 EJ and 22.5 EJ for power in the respective
years) (IEA 2021f). The Paris Agreement compatible median pathways have this at 110 EJ and
128 EJ for natural gas in TPES in 2010 and 2030 respectively (17 EJ and 24 EJ in the power
sector). While there are discrepancies, what is important here is that the suite of models are
assessing decreases in natural gas use starting at levels close to what are actually observed,
meaning the feasibility of these projections can be assessed against current trends.
Second, gas use peaks in 2020. While there has been significant growth in the use of natural
gas in TPES and power (16% and 43% increases respectively as per the median of the Paris
Agreement compatible pathways), this rapid increase over the last decade is matched by an
even faster decline over the next 20 years. By 2030, the median of the Paris Agreement
compatible pathways has unabated gas use in TPES decreasing by 31% from 2020 levels. A
further 52% decrease occurs in the subsequent decade. For the power sector in 2030, gas use
sees a 25% reduction from 2020 levels, then a further 62% reduction out to 2040.
Third, including CCS does not significantly alter the projections for natural gas’ role under Paris
Agreement compatible pathways. The use of this fossil fuel still peaks in 2020, and declines
rapidly thereafter, albeit at a slightly slower pace. For TPES, gas sees a median decrease of
27% by 2030 from 2020 levels and decreases by a further 39% by 2040. For power, these
decreases are 18% and 35% respectively.
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Global trends generally hold for key regions.
Unabated gas consumption for power generation in the OECD, Middle East and Africa see
strong declines in gas use in the power sector after 2020, similar to global trends. Asia sees a
marginal increase in consumption until 2030 after which a sharp decline in gas-use occurs
across pathways. Indeed, the regional picture shows that unabated gas use in the power
sector declines precipitously in both the OECD and Asia after 2030, reaching near-zero levels
by 2045. To the extent gas consumption remains in these pathways, drastic exponential
growth build-outs of CCS facilities are required across global regions, most strongly in the
OECD but also significantly in other regions such as the Middle East and Asia. But in reality,
that is simply not a viable economic option.
Modelling Paris Agreement compatible pathways
The focus in this briefing has been on an evaluation of Paris Agreement-compatible energy
system pathways as derived from IAMs, and on comparing these pathways to the influential
IEA scenarios. It should be noted, however, that IAMs are not the only available approach to
modelling energy system transformation. Bottom-up energy system models have been
increasingly used for the same purpose, and those models available in the published literature
uniformly find cost-competitive technology combinations that achieve a goal of 100%
renewable energy systems by 2050, for power generation and for other sectors as well.
(Jacobson et al. 2017; Löffler et al. 2017; Ram et al. 2019; Teske et al. 2019).
These models are not coupled to the broader economic system, and in each case make an a
priori assumption that the transition to renewables is possible; however, they also find, with
different combinations and emphases on technological pathways, that the future energy
system would result in not only zero emissions, but also in lower costs for energy.
There are different reasons for the disparity in results from IAMs and bottom-up models. IAMs
have been historically very conservative in their evaluation of the potential for uptake of
renewable energy, a feature that is slowly being corrected in a newer generation of models
(Creutzig et al. 2017). Some of this discrepancy between modelling approaches is structural –
IAMs that rely on neo-classical growth models examining trade-offs between implementation
of capital, labour and energy often have built-in inertia to changes in technologies (Kaya, Csala,
and Sgouridis 2017).
In particular, dramatic changes in the structure of energy-economic systems can be difficult
to capture, as the economic models are premised on marginal changes and their impacts. It is
precisely the increased coupling between, e.g., the power and transportation sectors, that
provides additional flexibility within bottom-up modelling frameworks to allow relatively rapid
transformation to 100% renewables.
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For its part, the IEA has been particularly far behind the curve in estimating the growth of
renewable technologies, and in particular of solar photovoltaics, in its annual World Energy
Outlook (Hoekstra 2019; Teske 2020). However, these growth estimates seem to have
improved (i.e., become more in line with historic trends and investment outlooks) in the latest
edition of the WEO, as is reflected by the increased renewables share in power.
Assessed IEA scenarios against the Paris Agreement
The IEA’s SDS models energy system transformations consistent with limiting warming to 2°C
above preindustrial, and seeks to meet sustainable development goals. As explained above,
the SDS is used by multiple actors, including policy makers, the finance sector, researchers,
and investors in guiding their decision-making on future energy demand and supply globally.
Therefore, it is important to understand how the SDS compares to Paris Agreement
compatible scenarios.
As will be shown here, these scenarios are not compatible with the Paris Agreement and its
long-term temperature goal (LTTG). This section will unpack the relationship between the IEA
scenarios and the Paris agreement, specifically examining how the natural gas pathways from
these compare with those that are compatible with the Paris agreement’s LTTG.
Recent analysis of the SDS has found that this scenario has a high probability of exceeding the
1.5°C temperature limit, above 75% around mid-century and falling to just below 60% by 2100.
The scenario is projected to result in a median warming level of 1.78°C above pre-industrial in
2056. As such, the SDS is classified as a “Lower 2°C” pathway that is not consistent with the
Paris Agreement’s long-term temperature goal.
In contrast, the NZE is found to have a lower probability of exceeding the 1.5°C temperature
limit, just below 60% by mid-century and dropping to around 20% by 2100. The scenario is
projected to rise slightly above the 1.5°C limit between 2035 and 2060 but remain under 1.6°C
at its peak warming level. It is therefore classified as a ‘1.5°C low overshoot’ scenario. (Brecha
et al. 2021).

IEA SDS and NZE scenarios and the Paris Agreement
To understand how the IEA scenarios differ from the Paris Agreement compatible pathways
described earlier, we compare projections for coal and natural gas in TPES and in electricity
generation from three recent versions of the SDS with Paris Agreement compatible pathways
included in the IPCC Special Report on 1.5°C.

Table 3 : Paris Agreement compatible range of natural gas in the power sector compared with the IEA’s SDS from WEO 2021
and NZE.
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2030 (% change relative to 2010)
WEO
(total)

Coal

-35%

Gas

31%

Power

WEO SDS (w/o
CCS)

SDS

WEO NZE (w/o
CCS)

WEO
(total)

-33%

-66%

-63%

33%

28%

32%

NZE

SR1.5
CCS)

(w/o

-89%
(-92%, -80%)
4%
(-16%, 12%)

SR1.5 (total)
-88%
(-92%, -76%)
14%
(-14%, 29%)

2040 (% change relative to 2010)
WEO
(total)

Coal

-82%

Gas

-25%

Power

WEO SDS (w/o
CCS)

SDS

WEO NZE (w/o
CCS)

WEO
(total)

-70%

-100%

-89%

-16%

-87%

-73%

NZE

SR1.5
CCS)

(w/o

-98%
(-100%, -96%)
-60%
(-72%, -55%)

SR1.5 (total)

-97%
(-100%, -91%)
-26%
(-58%, -9%)

. For the SR1.5 categories, we list the median values as well as the interquartile values (25 th and 75th percentile) values in
parenthesis. Note that changes here are relative to the 2010 values given in (IEA 2021f)

Table 4: Paris Agreement compatible range of natural gas in TPES compared with the IEA’s SDS from WEO 2021 and NZE.

2030 (% change relative to 2010)
WEO
(total)

Coal

-30%

Gas

17%

TPES

WEO SDS (w/o
CCS)

SDS

WEO NZE (w/o
CCS)

WEO
(total)

-27%

-56%

-53%

21%

1%

12%

NZE

SR1.5
CCS)

(w/o

-81%
(-86%, -74%)
-23%
(-33%, -15%)

SR1.5 (total)
-81%
(-85%, -71%)
-19%
(-32%, -10%)

2040 (% change relative to 2010)
WEO
(total)

Coal

-70%

Gas

-19%

TPES

WEO
SDS
(w/o
CCS)

SDS

WEO NZE (w/o
CCS)

WEO
(total)

-60%

-90%

-79%

-6%

-62%

-35%

NZE

SR1.5
CCS)

(w/o

-91%
(-98%. -89%)
-63%
(-66%, -42%)

SR1.5 (total)

-89%
(-97%, -82%)
-51%
(-56%, -26%)

For the SR1.5 categories, we list the median values as well as the interquartile values (25th and 75th percentile) values in
parenthesis. Note that changes here are relative to the 2010 values given in (IEA 2021f)
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IEA SDS scenarios not compatible with the Paris Agreement
Three key insights become clear when we compare the Sustainable Development Scenarios
with the Paris Agreement compatible pathways:
•

Despite consistently adjusting downwards its projection for this variable since 2015,
the SDS of the WEO continues to significantly overestimate the role of coal-fired power
generation until 2040. The decline by 2040 in the 2019 SDS is 74% and 89% by 2050,
which is well short of the required decline from Paris Agreement compatible pathways
(Median: 96% decrease). The coal capacity will be respectively 60% and 96% CCUS
enabled in 2040 and 2050.
Moreover, the steep decline is a consistent observation even for coal-fired power
generation including CCS in Paris Agreement pathways (Median: 91% decline), which
leads to concluding that even assuming a large part of the coal fleet is retrofitted with
CCUS or biomass co-firing, or reduces its operation — as suggested by the WEO 2021,
the decline in coal power generation in the SDS is far too slow compared to what Paris
Agreement pathways would require. In the Net Zero Scenario (NZE) of WEO 2021 there
will be no unabated coal power generation and CCUS enabled generation will declined
by 36% in 2050 compared to SDS.

•

In Paris Agreement compatible pathways, gas-fired power generation peaks around
2020, and declines thereafter. However, this peak in unabated gas-fired power
generation is observed much later in the SDS, 2025 in the 2019 SDS. In the NZE
unabated gas-fired power generation peaks by 2020 and 97% of gas capacity will be
CCUS enabled in 2030.

•

The SDS scenarios are outliers for unabated gas-fired power generation, and are just
within the upper bound of Paris Agreement pathways only when CCS is included. SDS
pathways are just within the upper bound of the interquartile range of increase in gasfired power generation only when CCS is included. However, it is incompatible with
the rate of decrease observed in Paris Agreement pathways for unabated gas-fired
power generation until 2040 (Median: 52% decline).

•

The SDS scenarios from the WEO are significant outliers for coal-fired power
generation compared to Paris Agreement compatible pathways, even when CCS is
included
The SDS scenarios relies heavily and explicitly on CCUS to make the emission
reductions needed to limit warming to 1.8°C and whilst it does not show in its
published results the CCAS use in natural gas power generation, it can be inferred that
by 2030 this approach is 6% and by 2040 close to 20% of generation is from natural gas
power plant with CCS.
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The role of LNG in a Paris Agreement compatible
energy transition
Share of natural gas demand met by LNG
Over the last decade, the global LNG trade has increasingly taken market share from gas
transported by long-distance pipelines, increasing from a 45% share in 2010 to 51% in 2020.
This trend is set to continue. At present LNG accounted for 11.4-12.5% of total gas use globally
in 2020, and this is projected to quote to grow substantially - both relatively and absolutely under present policies (STEPS) to over 13.1-14.3% by 2030 and 14.5-15.9% by 2035. LNG
accounted for about 2.5% of global CO2 emissions and 2020 and is projected to increase
towards 4% by 2035 under current policies.
The IEA forecasts, under the STEPS, that LNG will expand its market share to 60% of traded
volumes by 2050. Importantly, LNG’s share of traded natural gas will increase more so under
IEA scenarios where overall gas demand decreases (and thus overall trade declines). The
Announced Pledges Scenario (APS) and the SDS have LNG making up 70% and 72%,
respectively, of natural gas traded in 2050. (IEA 2021f).
Although the share of liquefied natural gas (LNG) in total gas demand is small, only 12% of the
global demand, it’s demand is growing steadily over the past years (BP 2021a; Thompson
2021). The share of LNG in global gas supply is projected to increase by 23% by 2050
(McKinsey & Company 2021). Global demand for LNG grew by 12.5% to 359 MtLNG in 2019
and 1% in 2020 (Shell 2020). During the pandemic, LNG demand globally has increased by 1%
when total gas demand has declined by 3% (McKinsey & Company 2021).
This growing demand of LNG is particularly coming from South and Southeast Asian countries
as LNG represents a 49% of natural gas demand in Asia and 82% in Asia Pacific region (BP
2021b; Thompson 2021). During the pandemic, when global gas demand has decreased, Asian
LNG markets have proved remarkably resilient (BP 2021b). This was particularly led by China
and India, where LNG demand increased by around 6 MtLNG in 2020 (McKinsey & Company
2021), higher than demand growth in pre-pandemic 2019.
Under the IEA’s STEPS, annual world trade in LNG is projected to increase by about 30%
between 2020-2030 (an increases of about 91 MtLNG). To meet new demand, and replace
retired capacity, Qatar, United States, Russia and East Africa are projected to ramp up their
annual LNG export capacity by 110 MtLNG.
The IEA STEPS sees around 70% of the increase in supply of natural gas between 2020 and
2050 which mainly comes from Eurasia and the Middle East. Global LNG trade increasingly
takes the market share from gas transported by pipelines and its share in natural gas trade,
increasing to 60% in 2050 from 50% in 2020. The share of Latin American gas in the global LNG
supply will increase to 16% in 2050 under STEPS from the current level of 8% (IEA 2021f).
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Developing part of Asia is going to be one of the biggest markets for this LNG where total LNG
imports are set to increase by 291 MtLNG in 2050 from the current level of 52 MtLNG. Strong
demand and weak domestic production in Asia account for an incredible 95% of global LNG
demand growth between 2020 and 2022 (Thompson 2021).
In announced pledge scenario (APS) natural gas demand will peak by 2025 and then declines
to 2816 MtLNG in 2050. However, in the APS also increased demand from the developing part
of Asia undermines the overall reduction in the gas demand. In APS gas trade peaks by 2030
and reached to 2020 level by 2050 (Figure 8), but LNG will have 70% share of gas trade in 2050
and import to developing part of Asia. In 2050 there will be 315 MtLNG increase in import of
gas in developing part of Asia and majority of it will be in form of LNG. LNG export from Latin
American countries will be 25% higher than STEPS.
However, the future of LNG market seems uncertain as the four largest global LNG consumers,
China, the European Union, Japan, and South Korea, have all introduced 2050 carbon
neutrality targets. In the case of the latter three, this has been enshrined in law31.
LNG demand in IEA’s Net Zero pathway
Neither the IEA STEPS or APS scenarios are in line with 1.5oC temperature goal as in a Paris
Agreement compatible pathway, unabated gas in the total energy supply should peak by 2020
in Latin America and by 2030 in Asia (Figure 11 and 12).
The outlook for LNG is dramatically changed by efforts to meet the Paris Agreements 1.5oC
temperature and bring CO2 emissions to net zero by 2050.
The IEA’s net-zero emissions scenario (NZE) shows global natural gas demand peaks around
2025 and then declines by more than 5% per year on average by 2030. In the NZE, natural gas
use in the power sector declines globally by more than 80% in the 2030s. As a result, LNG
trade is projected to fall by 60% and trade by pipeline will fall by 65% between 2020-2050 (IEA
2021e).

31

For a thorough evaluation of each of these net zero targets, please see September 2021 country updates from the
Climate Action Tracker (Climate Action Tracker 2021a).
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Figure 9: LNG trade (Mt LNG), actual and projected, under the IEA's STEPS and NZE. Source: (IEA 2020b, 2021e)

LNG trade is projected to peak in the mid-2020s at 348 MtLNG and falls to 2020 levels of 287
MtLNG by 2030 (Figure 8) (IEA 2021f). This implies that rate of utilisation capacity of LNG
liquification will also be reduced, and part of current 441 MtLNG liquification capacity and
additional 132 MtLNG capacity which is currently under construction will remain stranded.
Although inter‐regional trade of natural gas in OPEC countries falls by 40% in 2050 from its
current level, and LNG trade increases from 309 MtLNG in 2020 over the next five years, it
then falls to around 118 MtLNG in 2050 (IEA 2021e).
The low price of natural gas in NZE falls to the level of the marginal cost of delivering LNG from
existing and under-construction projects, which require ongoing investment to sustain the
required output (IEA 2021f). This implies that no new natural gas fields are required, and no
new fields or export projects should be developed.
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Figure 10: LNG exports by region under the IEA's NZE. Source (IEA 2021e)

The gas importer: India, LNG and Paris Agreement compatible pathways
India is the third largest power generating country in the world. In 2019 the country generated
1583 TWh of electricity, resulting in emissions of 1147 MtCO2e (IEA 2021c). This emissions
intensity sits well above the G20 average and is due to the high share of coal (over 70%) in the
generation mix (Climate Transperancy 2021).
In its National Electricity Plan 2018, the Indian government pointed to the potential of natural
gas to achieve a low-carbon transition of the power sector, mainly to support grid balancing
which will be needed with increased penetration of renewable energy (Central Electricity
Authority 2018). As a result, the Standing Committee on Energy recommended reviving that
natural gas-based power plants that got stranded due to the low domestic supply of gas.
There is a sustained increase in natural gas demand in India, where LNG imports satisfy nearly
70% of this demand growth, making India a major importer, and an important presence in
global gas markets (IEA 2021c).
According to India’s draft LNG Policy, the share of natural gas will increase to 15% of total
primary energy consumption by 2030, up from the current level of 6.3% and LNG is set to be
the biggest supplier of this future gas demand. (Ministry of Petroleum and Natural Gas 2021).
By 2030 India is expected to import approximately 58 MtLNG (Petroleum & Natural Gas
Regulatory Board 2017).
According to the IEA’s India Energy Outlook 2021, the country’s LNG imports will reach 106
MtLNG by 2040 under the SDS, up from 22 MtLNG in 2019. The government has taken
significant initiatives to support this import growth through the expansion of LNG terminals
and re-gasification capacity, and infrastructure development to facilitate LNG transportation.
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The IEA’s STEPS scenario has gas-based power generation increasing by 52% by 2030 and 121%
by 2040. Under the SDS, this increase is respectively 238% and 375% by 2030 and 2040.
However, under the SDS, a significant coal to gas switch sees coal power generation decrease
from 1135 TWh in 2019 to 181 TWh in 2040, while over the same period gas power generation
increases from 71 TWh to 337 TWh.
While the SDS does have carbon emissions from the power sector decreasing by 73% between
2019-40, this is due to the coal to renewables switch projected in the scenario (where
renewables will account for 79% of generation by 2040). During the same period, CO 2
emissions due to gas fired generation increase by 95%. (IEA 2021c).
This is not compatible with Paris Agreement pathways that would require a rapid decline in
the emissions intensity of Indian power sector, becoming negative by 2040, resulting in a net
zero power sector by 2032-45. To achieve this India would need a 70-80% share of renewable
energy by 2030 and around 90-100% by 2040 under different scenarios (Climate Analytics
2021b).
Paris Agreement compatible pathways for India have gas-fired power generation peaking
around 2020, and phased out by around 2035 (Climate Analytics 2021b). Replacing coal with
natural gas in power generation in India will undermine the overall emissions reduction effect
from power sector transformation and is not in line with Paris Agreement compatible
pathways. In this context India’s current plan of developing gas infrastructure will lead to risk
of stranded assets in a Paris Agreement compatible world.
Expansion of natural gas in both primary energy use and power generation in India are subject
to various socio-political and economic bottlenecks (Safari et al. 2019). Affordability of LNG is
also a big challenge for India and so far, most of the import contracts for LNG that India has
undertaken are long-term and linked to the crude oil price. Therefore, declining LNG spot
prices due to steady growth in global supply and new projects in Australia, the USA, and Russia
is unlikely to result in economic benefits for India (Das et al. 2021).
The gas exporter: Australia, its LNG exports and Net Zero
As of 2020, Australia is the top exporter of LNG globally, accounting for 22% of the world’s
LNG exports, closely followed by Qatar (22%), then the US (13%), Russia (8%), and Malaysia
(7%) (GIIGNL 2021). Australia’s LNG market is predominately the Asian region, with its biggest
markets in Japan, China, and South Korea. Importantly, all three countries have mid-century
net zero emissions targets, that would include gas32.
Australia is currently exploiting 10 gas basins with an annual production of 79 MtLNG, most of
which is exported (78 Mt of LNG in 2020) (Department of Industry, Science, Energy and
Resources 2020; DISER 2021). LNG production is expected to increase to 88 Mt by 2030
(Australian Government 2020a).

32

While Japan and South Korea have announced 2050 as there net zero year, China has this as 2060. For details on these
net zero targets, and other policies in actions taken by the three countries, please see the latest Climate Action Tracker
country profiles.
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Australia exports LNG to Japan, China, South Korea, India, and Taiwan, the five largest
importers worldwide (DISER 2021; GIIGNL 2021) 33. Japan and China are the largest importers
of Australia LNG, accounting for AUD 15 billion and AUD 13 billion in export earnings,
respectively (DISER 2021).
Table 5: 2020 Asia Pacific LNG exports and imports

Exporting
Country
Asia Pacific
Imports from
(MtLNG)
Share of
Imports
Global net
imports from
(MtLNG)
Share of
Imports to
Asia Pacific

Australia

Qatar

Russia

US

Malaysia

Indonesia

Sum

77.63

52.29

11.25

19.34

23.85

14.74

199.10

Total
Net
Imports

254.43
30.5%

20.6%

4.4%

7.6%

9.4%

5.8%

78.3%

77.77

77.13

29.6

44.76

23.85

14.99

249.75
356.12

99.8%

67.8%

38%

43.2%

100%

98.3%

55.9%

Countries listed accounted for 78% of the total. On the supply side, most of the countries listed served Asia Pacific countries
exclusively, or almost. However, Qatar and the U.S. exports were more diversified. Note that Asia Pacific imports from the
selected countries made up 56% of global total imports. Source (GIIGNL 2021)

In terms of emissions the LNG industry emissions in 2020 were around 7-10% of Australia’s
emissions, with this projected to increase absolutely and relatively to 9-13% of GHG emissions
in 203034.
Australia’s Budget 2021-22 demonstrates the federal government’s commitment to a “gasfired” economic recovery with AUD 58.6m of new funding allocated to gas infrastructure
projects and new gas supply (Australian Government 2021c). The government is funding AUD
600m for the Kurri Kurri gas fired power plant in Hunter Valley, New South Wales (Gooley
2021). The New South Wales and federal governments are supporting a gas-fired peaking
power station with plans for green hydrogen with AUD 83m (Morton 2021).

33

Note that the EU as a block accounts for the largest amount of LNG imports globally, with much of this attributable to
France and Spain.
34 Federal Government data in the December 2020 projections estimated emissions at 36 MtCO2 in 2020 rising to 41
MtCO2e by 2030. https://www.industry.gov.au/data-and-publications/australias-emissions-projections-2020
The Climate Action Tracker Scaling Up Australia study estimated total emissions of 49 MtCO2 and 59 MtCO2e respectively
using bottom up methods. https://climateactiontracker.org/publications/scalingupaustralia/
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The IEA’s NZE modelling of the international energy market response to national actions,
consistent with meeting the goal of reducing CO2 emissions to net zero by 2050, projects a
reversal of the present growing market for LNG, to one which peaks within this decade and
begins a rapid decline by 2030.
The requisite changes in Australia's markets for LNG are beginning to be visible in the mediumterm (2030), and energy policy changes are taking place in Japan, South Korea and China. Each
of these countries have set net zero goals: Japan and South Korea for 2050 and China for 2060
at the latest. India, an emerging LNG market, has also set a goal of reaching net zero
greenhouse gas emissions by 2070. Further alignment of energy policy with net zero goals is
to be expected.
Table 6 Australia present markets for LNG and coal

2019-20

Total Exports
Million $

Japan, China, South
Korea
Million $

% of market in
Japan, South Korea
and China

LNG

$

47,617

$

87%

Metallurgical coal

$

34,603

$ 19,146

55%

Thermal coal

$

20,382

$ 15,129

74%

Total LNG + Coal

$

102,602

$ 75,740

74%

41,465

Figure 11 Net Zero targets

Under the IEA NZE scenario Australia's LNG exports decline faster than the global average
reflecting a range of factors including the cost structure for exports from the country. Whilst
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global LNG exports are back to 2020 levels by 2030, Australia's LNG exports are projected to
be 25% or more down (Figure 12).

Figure 12 Reductions in LNG exports under Net Zero pathways: Global and Australian

The situation described here of a likely peaking of LNG demand from Australia before 2030,
as the world implements the Paris Agreement the IEA’s Net Zero scenario pathway raises
substantial concern about planned investment in new LNG production capacity, as well as
existing facilities beyond the end of this decade.
Figure 13 shows the development of Australian LNG capacity since 2000, which has risen very
quickly and substantially to the point where the country is the largest exporter of this
commodity. The Reserve Bank of Australia, in its Current Policy Scenario, envisaged an
ongoing growth and expansion of LNG capacity.
This picture, however, changes dramatically if implementation of the Paris Agreement is
factored into the demand equation. The International Energy Agency's Net Zero Scenario
envisages a sharp reduction in LNG demand from the mid 2020s. The Reserve Bank of
Australia Net Zero pathway begins a decline earlier but not as deeply; however, it is not based
on energy system model that includes the World Trade and energy commodities.
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A striking aspect of this situation is that there is a major expansion of LNG capacity in Western
Australia from 2025, which would add about 6% to the total LNG production capacity in
Australia - it adds 10% to the capacity of LNG manufacturing in WA.
Woodside Energy is planning to add second 5 Mt p.a. LNG train to its Pluto Project, with first
shipments planned from 202635, and at the same time the company is seeking approvals for
the development of a new gas resource, the Scarborough, basin given that its existing
resources are entering a depletion phase.
The planned start up for Woodside’s Scarborough project coincides with the projected
peaking of LNG demand from Australia on a Paris Agreement compatible pathway that meets
the global goal of limiting warming to 1.5°C and net zero CO2 emissions by 2050.
The Woodside Pluto expansions and Scarborough gas field development presents a prima
facie risk of becoming a stranded asset, possibly threatening the viability of the company itself,
and as well becomes a major test for the finance industry globally as to the seriousness of
their commitment to support the implementation of the Paris Agreement

Figure 13 Australian LNG exports: current policy projections vs Net Zero Scenarios

35

https://www.woodside.com.au/what-we-do/australian-growth-projects/pluto-train-2
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Emissions intensity of LNG
GHG emissions associated with LNG have come under increased consideration from
governments and market participants in recent years. Global LNG trade has increased
significantly in the past 10 years and is projected to almost triple by 2050.
GHG emissions from LNG supply and end use had reached an estimated 1.25 GtCO2e/yr (~17%
of emissions from natural gas) by 2020 (IEA 2021a). LNG has been promoted as a cleaner
transition fuel, as the carbon emissions from natural gas combustion are around half of that
of coal. However, the GHG footprint from the full LNG life cycle, including extraction,
liquefaction, transport, and re-gasification, effectively doubles its short-term climate impacts
compared with only the combustion of the natural gas. This is due to a number of facts.
First, carbon emissions from LNG production is often significantly higher than pipeline gas
projects, and produces some of the oil and gas sector’s highest upstream emissions (While
2017) 36. LNG produces high levels of emissions compared to pipeline natural gas, as processing
it requires high levels of energy and therefore high levels of emissions when comparing
upstream emissions.
Second, the upstream activities in the LNG life cycle emit mostly methane, which has a far
greater global warming potential, particularly over a 20-year time frame, compared with
carbon. (Swanson et al. 2020).
Indeed, when considering methane emissions, LNG for power may have a greater GHG
footprint than coal-fired generation. Studies have estimated that with a methane leakage in
the range of 1.4-3%, power generated from U.S.-exported LNG has a greater short-term GHG
impact than that from domestic coal in the importing countries. These leakage rates sit well
within the range measured for North American LNG production and processing facilities.
(Swanson et al. 2020).

36

The carbon intensity of LNG depends on the level of contaminant CO2 of the feed gas, where high concentrations lead to
high levels of emissions venting. Pipeline gas is usually transported without the carbon removed, and the carbon is later
emitted as downstream emissions.
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