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ABOUT THE GECF
The Gas Exporting Countries Forum (the GECF or the Forum) is an intergovernmental organisation
established in May 2001 in Tehran, Islamic Republic of Iran. The GECF Statute and the Agreement on
its functioning were signed in 2008, in Moscow, Russia. It became a full-fledged organization in 2008
with its permanent Secretariat based in Doha, Qatar.
The GECF comprises twelve Members and seven Observer Members (hereafter referred to as GECF
Countries). The Member Countries of the Forum, are: Algeria, Bolivia, Egypt, Equatorial Guinea, Iran,
Libya, Nigeria, Qatar, Russia, Trinidad and Tobago, the United Arab Emirates and Venezuela (hereafter
referred to as Members). Azerbaijan, Iraq, Kazakhstan, the Netherlands, Norway, Oman and Peru have
the status of Observer Members (hereafter referred to as Observers).
The GECF is a gathering of the world’s leading gas producers, whose objective is to increase the level
of coordination and to strengthen collaboration among Members. The Forum provides a framework for
the exchange of views, experiences, information, and data, and for cooperation and collaboration
amongst its Members in gas-related matters.
The GECF represents more than two-thirds of the world‘s proven gas reserves, almost half of global
natural gas production, and around two-thirds of gas exports.
In accordance with the GECF Statute, the organization aims to support the sovereign rights of its
Member Countries over their natural gas resources and their abilities to develop, preserve and use such
resources for the benefit of their peoples, through the exchange of experience, views, information and
coordination in gas-related matters.
In accordance with the GECF Long-Term Strategy, adopted during the 18th GECF Ministerial Meeting,
the priority objectives of the GECF are as follows:
Objective No. 1: Maximizing gas value, namely to pursue opportunities that support the
sustainable maximization of the added value of gas for Member Countries.
Objective No. 2: Developing the GECF View on gas market developments through short-,
medium- and long-term market analysis and forecasting.
Objective No. 3: Co-operation, namely to develop effective ways and means for cooperation
amongst GECF Member Countries in various areas of common interests.
Objective No. 4: Promotion of natural gas, namely to contribute to meeting future world energy
needs, to ensure global sustainable development and to respond to environmental concerns,
in particular with regard to climate change.
Objective No. 5: International positioning of the GECF as a globally recognized
intergovernmental organization, which is a reference institution for gas market expertise and
a benchmark for the positions of gas exporting countries.
The GECF Global Gas Outlook is among the main Key Initiatives and Instruments identified by the GECF
Long Term Strategy.
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I. INTRODUCTION
The adoption and ratification of the Paris Agreement in December 2015 was an important achievement
of the international community in dealing with the climate change issue. The Agreement is a global
commitment to reduce greenhouse gas (GHG) emissions involving more than 190 countries; it sets
ambitious objectives to limit the temperature increase to 2°C above the pre-industrial period. Meeting
this ambitious target requires major transformations, particularly from the energy sector, which
contributes significantly to global carbon dioxide (CO2) emissions. Furthermore, energy-related CO2
emissions continue to increase, driven by the growing energy needs of developing and emerging
economies.
Countries outlined their pledges to reduce or limit GHG emissions in Intended Nationally Determined
Contributions (INDCs), submitted under the framework of the Paris Agreement. INDCs put forward
nations’ specific priorities and objectives to strengthen carbon mitigation policies and measures that
aim to promote less carbon-intensive and carbon-free energy sources and technologies, encourage
energy efficiency, and advance carbon removal options. Despite these efforts, large uncertainties
remain.
There are important challenges surrounding the effective implementation of national mitigation
policies, and their ability to drive energy-related emissions toward a pathway that will limit the
temperature increase to 2°C. These uncertainties are mainly related to: i) the level of political support
allocated to climate change, especially after the announced withdrawal of the United States from the
Paris Agreement; ii) lobbying and resistance to change; iii) the need to supply growing energy
requirements, particularly in developing countries; and iv) funding issues and the economic viability of
environmental projects that often require large subsidies.
The Paris Agreement has outlined many cooperation mechanisms that facilitate the uptake of actions
and policies that aim to reduce GHG emissions, particularly for less developed countries. These
mechanisms mainly include financing support, technology transfer, and improving transparency for
accounting and reporting. The Agreement also considers periodically increasing the ambitions of
countries’ climate engagements and strengthening the emissions targets submitted in their INDCs, in
order to meet the ambitious 2°C temperature increase target. It is worth mentioning that the
Conference of Parties (COP) Decision 1/CP.21 associated with the Paris Agreement recognizes the need
to step-up effort and to enhance ambitions, particularly before 2020, given the urgency of climate
change impacts.
The 23rd Conference of Parties (COP 23), held in November 2017, highlighted the difficulties associated
with some of these cooperation mechanisms. Financing the climate agenda has become a central issue,
and it is unlikely that the 2020 target of 100 billion dollar pledged by developed countries, to support
climate actions in developing ones, will be achieved. There are also challenges in enhancing the
ambitions, particularly in the pre-2020 period. Moreover, COP 23 stated the need to step up efforts in
order to deliver practical rules and procedures for the operationalization of the Paris Agreement, before
COP 24, which will be held in Poland in December 2018.
A central question facing stakeholders in the energy community and policy makers alike, is how to find
a balance between climate commitments and the requirements of social and economic development.
The GECF Secretariat believes that promoting natural gas can be a part of this solution.
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This report aims to examine these recent challenges, and attempts to highlight the role that natural gas
can play in supporting climate commitments.
It is structured in four parts. The first chapter provides an overview of global GHG emissions and
explains what the Paris Agreement means for the energy sector. The second and third chapters examine
the advantages of natural gas in mitigating CO2 emissions, as well the challenges and barriers to
increased penetration of natural gas in the global energy mix. The forth chapter assesses the future of
energy-related CO2 emissions based on the GECF Global Gas Outlook, including the main policy drivers
and developments in the post-Paris Agreement era.
This report is part of the continued work of the GECF Secretariat, aimed at monitoring the development
of climate actions and initiatives and assessing their impact on energy markets and gas markets, in
particular. The GECF, as an international organization involving major gas exporting countries, strives
to contribute to dialogue concerning climate change issues and their effect on the energy sector. The
organization believes that natural gas has the potential to be instrumental in the transition to low
carbon economies— a belief that is central to the content of this report.
Achieving environmental objectives in parallel with universal energy access and economic prosperity,
particularly in emerging economies where rapid population growth and economic development are
taking place, will be one of the greatest challenges facing the future of the energy sector. Natural gas,
as the most affordable, reliable, flexible, and environmentally friendly fossil fuel, can meet the needs
of the energy poor while helping to reduce GHG emissions, improving urban air quality, and supporting
power generation, mobilization and industrial development.
The GECF and its Member Countries are committed to advancing the global commitments outlined in
the Paris Agreement, as exemplified in the Forum’s application to join the UNFCCC. These and other
actions undertaken by the GECF Secretariat, including the publication of this report, underscore the
Forum’s interest and motivations in contributing to the global discourse on the role of natural gas in
the global climate agenda.
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II. ENERGY DEVELOPMENTS IN THE CONTEXT OF
THE GLOBAL CLIMATE AGENDA
The energy sector underlies the global economy and plays a critical role in supporting modern living
standards. However, the energy sector is also the largest contributor to global GHG emissions and has
been increasingly subject to standards, regulations and policy measures aimed at a low-carbon energy
transition. The following Sections provide an overview of the contribution of energy-related activities
in GHG emissions, and the challenge posed by the adoption of the Paris Agreement. The latter sets very
ambitious GHG mitigation objectives that require major transformations from the energy sector.

Energy-related greenhouse gas emissions
The most important GHGs are CO2, methane (CH4), nitrous oxide (N2O) and halogenated compounds
(including CFCs, HCFC and HCF). Of these atmospheric GHGs, CO2 is responsible for the largest increase
in radiative forcing. Figure 1.1 illustrates this effect through the Annual Greenhouse Gas Index of the
National Oceanic and Atmospheric Administration (NOAA AGGI), which uses IPCC guidelines to provide
a normalized standard for comparing the warming influence of the most abundant and influential
GHGs.1
Figure 1.1: Radiative forcing of the major GHGs

Source: NOAA AGGI

The GECF estimates that GHG emissions in 2016 totalled more than 49 G.tonnes of carbon dioxide
equivalent (GtCO2-eq). These emissions primarily stem from anthropogenic sources, including energyrelated activities, agriculture, industrial processes, wastes, and emissions attributed to land use, landuse change, and forestry (LULUCF).2
1

The AGGI is defined as the ratio of total direct radiative forcing for the year in question, to the same ratio present in 1990, the baseline
year for the Kyoto Protocol. See: https://www.esrl.noaa.gov/gmd/aggi/aggi.html
2
According to the GECF Global Gas Model (GGM): The waste sector includes CH4 and N2O emission from landfills, wastewater treatment,
sewage and other waste; the agricultural sector includes CH4 and N2O emission from enteric fermentation (livestock), livestock manure, rice
cultivation, soils, crop residues and other agricultural sources; LULUCF activities include those from forested land, cropland, grassland, in
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The energy sector is the largest contributor to GHGs, representing around 74% of global GHG emissions;
this is distantly followed by the agricultural sector with an approximate contribution of 11%. The
majority of energy-related GHG emissions are attributed to the release of CO2 produced during the
combustion of fossil fuels. In 2016, nearly 33 GtCO2 were released from energy-related activities,
meaning that the energy sector contributed approximately 67% to overall GHG emissions, as illustrated
in Figure 1.2 below.
Figure 1.2: 2016 GHG emissions by sector
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In addition to their important share in the global atmospheric GHG concentrations, CO2 emissions from
the energy sector have grown since 2000. These trends have been driven by non-OECD countries (see
Figure 1.3), which have significantly increased their energy demand to support economic growth and
increasing populations and, correspondingly, their CO2 emissions.
Global energy-related CO2 emissions saw rapid growth during the 2000s, slowing considerably in
parallel with the global economic recession, and plateauing since 2015. This recent slowdown reflects
decreasing carbon intensity at the global level, despite a growing global economy. Although CO2
emissions have recently levelled, recent data showed that they increased in 20173 and it is likely that
they will continue to rise over the long term, driven by the huge energy needs of developing countries
and their reliance on fossil fuels such as coal.
Figure 1.3: Historic energy-related CO 2 emissions, globally and for OECD and non-OECD countries
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situ biomass burning, forestry products and trade; industrial processes includes emissions from cement manufacturing, adipic and nitric acid
production, F-gases and other industrial sources.
3
https://www.carbonbrief.org/analysis-global-co2-emissions-set-to-rise-2-percent-in-2017-following-three-year-plateau
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As the most carbon-intensive fossil fuel, coal represented 44% of global CO2 emissions in 2016 and has
increased its emissions by more than 2.9% annually between 2000 and 2016 (see Figure 1.4), driven by
the growth in emerging economies. Oil and natural gas contributed respectively by 36%, and 20% in
2016 global CO2 emissions.
As the least carbon-intensive fossil fuel, natural gas is expected to play an increasingly larger role in the
global energy mix as a result of decarbonisation efforts. Figure 1.4 below shows that there is still great
potential to reduce CO2 emissions from coal through coal to gas switching.
Figure 1.4: Energy-related CO 2 emissions by fuel (2000 – 2016)
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Methane emissions from the energy sector
As demonstrated by the NOAA AGGI featured in Figure 1.1, radiative forcing from CH4 is the second
largest contributor to global warming. While there is consensus that the observed increase in ambient
CH4 levels over the past decade can be partially attributed to anthropogenic sources, huge uncertainties
remain in measurement and significant variations in estimation methods, data quality, assumptions,
and system boundaries have led to reporting discrepancies.
Recent data available from the Global Carbon Project (GCP) estimates that total CH4 emissions from all
sources averaged between 540 and 568 million tonnes (mt) from 2003 to 2012. Anthropogenic sources
account for approximately 60% of this figure, with agriculture being the largest contributor.
Fossil fuel emissions (including oil/gas, and coal) account for 19% of the global methane budget. There
is significant uncertainty about the direct input of the natural gas supply chain to total fossil fuel-related
CH4 emissions, best exemplified by the aggregation of oil and gas into a single contributing sector. These
uncertainties are further compounded by the fact that wide divergence in measurements exist between
countries, and according to the methodology employed (bottom-up versus top-down).
Balcombe et al., 20174 reported that CH4 emissions range from 0.2% to 10% of produced CH4 based on
250 published estimates of total supply chain emissions. Their analysis concludes that the majority of
emissions estimates are at the lowest end of this range, which is highly skewed due to a small number

4

DOI: 10.1021/acssuschemeng.6b00144
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of outliers. While this study reflects the most recent measurements available specific to the gas
industry, the vast majority of emissions data presented is from the United States. This underscores the
constrains imposed by data availability, and the need for more input data, transparency and
harmonization, if emissions estimates are to be made more reliable and accurate.
While many inconsistencies remain, several conclusions can be reached from an in-depth assessment
of the issue. First, there is widespread recognition that coal is the most emissions intensive fuel source.5
Coal mining accounts for 34% of fossil fuel-related emissions of CH4, underscoring the need to phase
out coal-fired power generation if climate commitments are to be realized. Second, marked reductions
in methane leakage have been achieved across the entire natural gas supply chain and many countries
have reported emissions reductions from the natural gas sector. The rise in atmospheric CH 4 levels
observed over the past ten years is not the result of increased gas production,6 but is most likely the
result of increased agricultural activities.7
Although emissions from natural gas supply chains have decreased significantly and contribute
relatively little to the global methane budget, the image of natural gas remains uncertain. The issue of
methane emissions has become increasingly publicized. Public scepticism and reactionary policy
decisions are expected to continue if reliable and transparent data is not presented from the
perspective of gas producers. The GECF Countries are in a unique position to spearhead data collection,
which is currently sparse. The Russian Federation is the exception, with corporate environmental
targets and systematic reporting guidelines in place, as well as a maximum permissible CH 4
concentration guidelines.

The Paris Agreement: Very ambitious objectives that require major
transformations from the energy sector
The adoption and ratification of the Paris Agreement in December 2015 was an important achievement
for the international community to deal with the climate change issue. The Agreement is a global
commitment to reduce GHG emissions involving more than 190 countries; it sets ambitious objectives
to limit the temperature increase to 2°C by the end of the century, and to continue efforts to reach less
than 1.5 °C. Given these ambitious global objectives and the important contribution that the energy
sector makes to CO2 emissions, the question arises: how will the Paris Agreement target affect future
energy developments?
The IPCC estimates that, in order to achieve the 2°C target outlined in the Paris Agreement with a
probability of 50%, cumulative atmospheric GHG emissions cannot exceed 4400 GtCO2-eq throughout
the century. Figure 1.5 demonstrates that, if other GHGs are excluded from consideration, the
remaining share of CO2 emissions is equivalent to 3010 GtCO2. When historical CO2 emissions are
subtracted, a carbon allowance of approximately 1100 GtCO2 remains if the Paris targets are to be
achieved. This carbon budget shrinks even further if only energy-related emissions are considered,
totalling 980 GtCO2 between 2016 and 2100.

5

See, for example: IEA. 2017. World Energy Outlook: https://www.iea.org/weo2017/

6

Oxford Institute for Energy Studies. 2017. Methane Emissions: from blind sport to spotlight. Available at:
https://www.oxfordenergy.org/publications/methane-emissions-blind-spot-spotlight/
7
Saunois M et al. 2016. The growing role of methane in anthropogenic climate change. Available at:
https://www.smh.com.au/cqstatic/gt95n6/methanespike.pdf
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This carbon allowance will be reached in less than three decades if current levels of energy-related CO2
emissions (33 GtCO2 per annum) are maintained. Consequentially, the energy sector needs to achieve
marked reductions to comply with the ambitious 2°C Paris Agreement target.
Figure 1.5: Carbon stock calculations for the energy sector, considering historical emissions and Paris
Agreement targets (GtCO 2 )
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Many scenarios have been developed that consider energy-related emissions pathways that are
compatible with 2°C. For instance, the IEA 450 scenario states that energy-related emissions must peak
before 2020 and be reduced by more than 40% (relative to 2016 levels) by 2040. This reflects an average
rate of decrease at around 2% between 2016 and 2040. However, the Sky scenario recently developed
by Shell is less aggressive. To meet the 2°C target, Shell’s Sky scenario considers most of the decline in
CO2 emissions to occur post-2040, and that emissions would peak by 2025. As demonstrated in Figure
1.6, the Sky scenario achieves the 2040 level of emissions projected by IEA 450 scenario 10 years later.
Figure 1.6: Comparison of IEA’s 450 scenario and Shell’s Sky scenario (MtCO 2 )
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The main mechanisms outlined in the Paris Agreement for mitigating GHG emissions are Nationally
Determined Contributions (NDCs). NDCs outline countries’ emissions reduction pledges and targets, as
well as the policies and measures envisaged to achieve them. Countries’ progress in implementing their
NDCs is periodically assessed and provisions are included within the Paris Agreement to enhance future
ambitions by strengthening targets and mitigation efforts. These actions are deemed necessary for
driving emissions towards a trajectory that is compatible with the 2°C increase.
A review of countries’ NDCs identifies four general policy directions for mitigating GHGs: i) encouraging
switching to less carbon intensive fuels (e.g. natural gas); ii) promoting emissions-free energy sources
(e.g. renewables, nuclear); iii) promoting energy efficiency; and iv) promoting carbon sequestration and
storage, as well as carbon sinks.
These policies, if implemented and enforced correctly, have the potential to become key drivers for
transforming the energy sector. However, recent developments highlight key challenges in their
implementation, especially in the context of the United States’ announced withdrawal from the Paris
Agreement. As a key backer of the Agreement and one of the largest emitting countries, their
withdrawal could significantly undermine the international efforts to combat climate change, as well as
funding and support for GHG mitigation.
COP 23 highlighted these concerns. The international community expressed the need to accelerate the
operational implementation procedures of the Paris Agreement. Funding mitigation actions also arose
as an important issue. Some emerging economies, including China and India, expressed the need for
developed countries to make concrete progress in their mitigation efforts, and to enhance international
cooperation with developed economies.

Achieving 2°C: some insights from recently developed scenarios
Despite the fact that INDCs lay out the main policy objectives countries need to implement in order to
mitigate GHGs, there are still large uncertainties regarding the choice of measures implemented by
certain countries and the capacity of each option to reduce CO2 emissions. Taking these uncertainties
into account, many scenarios have been developed to project emissions pathways that are compatible
with 2°C.
Figures 1.7 and 1.8 highlight four recently developed scenarios (BP Even Faster Transition [EFT], IEA 450
ppm, IEA Sustainable Development [SDS], and the Shell Sky Scenario) and compares them to the GECF
reference case. All of these scenarios, with the exception of the Shell Sky Scenario, envisage CO2
emissions declining by more than 2%, on average, between 2016 and 2040. Shell’s Sky scenario
forecasts a decrease of 0.7%8, and considers that much of the decline will be achieved between 2040
and 2050, mainly attributed to the deployment of alternatives technologies.
The GECF reference case projects energy demand growth at around 1.06% between 2016 and 2040.
Compared to this forecast, energy demand is expected to decelerate significantly in the IEA and the BP
scenarios, by average growth rates estimated between 0.13% and 0.83%, respectively, over the forecast
period. This highlights the importance placed on reducing energy intensity. The Shell Sky scenario,
however, considers the largest growth in energy demand, estimated at 1.08% between 2016 and 2040,
driven by the need to meet economic and population growth in emerging and developing economies.
8

The Shell Sky scenario forecasts until 2100. This report only considers their estimates through to 2040 for comparison purposes.
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Furthermore, the Shell Sky scenario projects an important slowdown in energy demand after 2040,
driven by energy efficiency improvements. The benchmarked scenarios also highlight the long-term
contributions of various energy sources in meeting the 2°C target. The 2040 share of renewables
(excluding hydro and including biomass and wastes) ranges from 25% in the IEA SDS to 33% in the BP
EFT scenario. The latter is more aggressive in terms of renewables penetration, in order to support
larger energy demand growth compared to the IEA scenarios.
Figure 1.7: Comparison of the GECF reference case, BP EFT, IEA 450, IEA SDS and Shell Sky scenarios in
terms of energy demand and emissions reductions projections
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Regarding fossil fuels in the energy mixes, the GECF reference case projects the largest share of oil,
meeting 29% of the 2040 total primary demand, followed by natural gas and coal 26% and 20%
respectively. This picture is different in the benchmarked scenarios that are compatible with 2 °C. The
share of oil in 2040 is expected to drop significantly, between 22% in BP EFT and 24% in the Shell Sky
scenario. The share of coal is forecasted to reach between 10% for the BP EFT scenario (lowest share)
and 17% for the Shell Sky scenario (highest share), while the share of natural gas varies from 19% for
BP to 25% for IEA SDS. As mentioned before, the penetration of renewables in the BP EFT scenario also
contributes to a reduced share of natural gas and coal in the energy mix, when compared to the other
scenarios. Coal is expected to maintain its role in the Shell Sky scenario, which assumes large
improvements in power plant efficiency, as well as important advancements in carbon capture and
storage technologies (CCS), which is considered a non-negligible driver of CO2 mitigation.
Figure 1.8: Share of fuels in the global primary energy mix (2040) according to the five scenarios
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III. THE ROLE OF NATURAL GAS IN ACHIEVING
LOW CARBON ECONOMIES
Natural gas has a key role to play in the climate agenda, since it can significantly contribute to reducing
energy-related CO2 emissions in a cost-efficient manner. Natural gas can contribute in reducing carbonintensity and, therefore, in mitigating CO2 emissions in three ways: i) through switching and penetration
against polluting and carbon intensive fuels; ii) complementing renewables and acting as a reliable backup to their natural intermittency, and iii) through improved energy efficiency.
The following section will address these advantages in greater detail, and support the environmental
case for natural gas through quantitative examples.

Switching and penetration of gas against polluting and carbon intensive fuels
A key factor to reducing CO2 emissions is greater penetration of natural gas over more polluting and
carbon-intensive fuels. This can occur directly, by switching from coal, oil or traditional biomass, or
indirectly, through the electrification of end-use sectors and increased gas usage in power production.
Greater penetration of natural gas supports the reduction of CO2 emissions because it is a less carbonintensive fuel. In 2016, the average CO2 emission factor for natural gas (emission by unit of primary
energy consumed) was estimated at 2.2 tonnes of CO2/toe, which is approximately 20% less than the
emission factor for oil, and 43% less than the emission factor for coal. If we consider the average
emission factor in the power generation sector, expressed in emissions released for every MWh of
electricity generated, the emission factor associated with gas-fired power plants is more than 50% less
than coal-fired plants. This gives natural gas an obvious emissions advantage in the power generation
sector, which is set to play a central role in the future transition to low carbon economies.
Figure 2.1: Emissions by fuel consumed in 2016

Figure 2.2: Emission factors of gas, oil, and coal
based electricity (tCO 2 /MWh)
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Greater penetration of natural gas, especially when substituting coal, has contributed significantly in
mitigating CO2 emissions. Figure 2.3 depicts the change of natural gas shares and of carbon intensities
in selected countries between 2012 and 2016. It can be noted that in many countries, especially in key
energy consuming countries like China, the United States and the United Kingdom, an increase in the
share of natural gas in the primary energy mix between 2012 and 2016 has been associated with
decreasing carbon intensity.
Between 2012 and 2016, China increased the share of natural gas from 4.4% to nearly 6% in its primary
energy mix and decreased the share of coal from 67% to nearly 62%. Despite the fact that coal to gas
switching is not the only factor that affects carbon intensity, it did contribute significantly to its
decrease, from 3.11 tCO2/toe in 2012 to around 2.95 tCO2/toe in 2016. China’s decreasing carbon
intensity has resulted in an important slowdown of its total energy-related CO2 emissions, with an
average annual growth of 0.5% between 2012 and 2016, compared to 6% between 2008 and 2012.
United States and United Kingdom are also relevant examples, since they increased the share of natural
gas in their primary energy mix from 28.1 % and 32.1% in 2012 to 28.4% and 35.7% in 2016,
respectively. Over that same period, the two countries decreased the share of coal from 19.3% and
18.7% to 14.9% and 7.2%, respectively. This shift to natural gas was mainly attributed to switching in
the power sector, and to a lesser extent in the industrial sector. Coal to gas substitution has significantly
contributed to emissions reductions between 2012 and 2016, estimated at 3.5% for the United States
and 18.2% for the United Kingdom.
The opposite is true in countries like India, Vietnam and Indonesia, which have recently reduced the
role of natural gas in their primary energy mixes, especially in the power generation sector. These
countries have all observed increasing carbon intensities as a result of an increase in the share of coal
in the power sector, at the expense of natural gas. These transitions have been driven by lower coal
costs and decreasing availability of domestic gas supply, all of which has contributed to increasing CO2
emissions.
To illustrate this evolution, India, for instance, decreased the share of natural gas from 6.4% in 2012 to
5.5% in 2016, allowing more penetration of coal whose share raised from 42.4% to 43.4%. On the same
period, the carbon intensity increased from 2.4 tCO2/toe to nearly 2.5 tCO2/toe. Total Indian energyrelated CO2 emissions reached around 2.16 Gt CO2 in 2016 growing by 16% compared to its 2012 level.
There are, however, some other examples where a decrease in the share of natural gas in countries’
primary energy mixes can be associated with decreasing carbon intensity. This can be seen in Figure 2.3
for Argentina and South Korea and is attributed to a rise in nuclear power generation in these countries;
and for Spain and Turkey that is attributed to the recovery of hydroelectric power generation.
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Figure 2.3: Change of natural gas shares and carbon intensities between 2012 and 2016
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In addition to its role in reducing carbon emissions, natural gas has undeniable benefits in reducing
emissions of hazardous pollutants that are responsible of air quality degradation, such as nitrogen
oxides (NOX), sulphur oxides (particularly sulphur dioxide, SO2), and particulate matters (PM2.5). Based
on the respective emission factor, natural gas emits 50% less nitrogen oxides than coal and 85% less
than oil. Regarding sulphur dioxide, gas emits 98% less than coal and 96% less than oil; gas emits almost
no fine particulate matter (see Figures 2.4 and 2.5 below).
In 2016, coal was responsible of nearly 2/3 of global SO2 emissions, estimated at around 96 million
tonnes; oil represented more than 70% of global NOX emissions, estimated at around 100 million
tonnes. Natural gas was responsible for much lower shares of global emissions of hazardous air
pollutants in 2016, contributing less than 7% of NOX and 0.4% of SO2.

Figure 2.4: SO 2 , NO X and PM2.5 emission factors

Figure 2.5: Global SO x and NO X emission shares
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Several IGU surveys9 have highlighted the role that natural gas has played in improving air quality in
polluted cities. IGU surveyed New York, Toronto, Dublin, Istanbul and Beijing (see Table 2.1). All of these
cities have achieved significant improvements in urban air quality by promoting the penetration of
natural gas, particularly in the residential sector.
Beijing is a city that suffers from significant air quality issues stemming from pollution and smog. In
2013, Beijing saw a number of days for more than half of the year with very bad air quality.
Concentration of particulate matters largely responsible to the formation of smog reached 86µg/m3 in
2014; this is nine times the limit of safety suggested by the World Health Organization.

9

IGU. 2016 and 2018. Case Studies in Improving Urban Air Quality. Available at: https://www.igu.org/pubications-page
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Table 2.1: Summary of mitigation measures and resulting improvements for selected cities, from IGU
‘Case Studies in Improving Urban Air Quality’ (2016 and 2018)
Main Initiatives supporting penetration of
natural gas

Improvements achieved

New York, USA

Conversion of 30% of heavy fuel oil boilers to
natural gas

Reduction of SOX by 69% in 2014 relative to 2007
levels

Toronto, Canada

Phase out of coal for power generation

Reduction of SOX by 91% and NOX by 65%, relative
to 2004 levels

Dublin, Ireland

Promoting coal to gas switching in the
residential sector (gas represents 75% of
residential demand)

Reduction of PM emissions by 90% relative to
1980s levels

Istanbul, Turkey

Coal ban in heating and its replacement by gas

Reduction of PM concentrations by 50%, and SOX
by 98% in 10 years

Berlin, Germany

Promoting gas in the city energy mix (gas
share reached 41% in 2012 compared to 17%
in 1990)

Reduction of PM by 95%, SOX by 76%, and NOX by
83%

Beijing, China

Government announced aggressive coal to gas
switching policy in 2014

Reduction of PM by 1/3 between 2014 and 2017

In response, the government and local authorities adopted aggressive policy measures to phase out
coal-fired boilers, shut down coal-fired power plants, and support natural gas for heating and power
production. It is estimated than 900 thousand households switched from coal to natural gas since
2013. The results were significant, as highlighted in Figure 2.6.

Figure 2.6: Correlation between coal to gas switch and reduction in P M2.5 for Beijing, China

Source: IGU, 2018. Case Studies in Improving Urban Air Quality. Found at: https://www.igu.org/publications-page
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Complementarity between natural gas and renewables
Natural gas has many advantages that can support it as the best partner of renewables in the transition
to less carbon intensive economies, especially in the power sector, which drives renewable
development. One of the major advantages of natural gas is related to the technical flexibility of gasfired power plants and their ability to respond rapidly to large variability in renewables’ output.
Therefore, natural gas is best suited for maintaining the frequency stability of power grids. This
flexibility is reflected by three parameters: i) the ramping rate, which represents the speed in adjusting
generated electricity to the variation of load imposed by renewables; ii) the minimum load which is the
minimum operating threshold for which power plant can operate before shut down; and iii) the startup time.
As demonstrated in Table 2.2, gas fired power plants offer better flexibility features compared to coal
or nuclear plants. The simple cycle gas turbines are the most flexible among the gas-fired power plants
with high ramping rate, low start-up time (16 min) and ability to achieve minimum load of 15% of its
full load. The combined cycle gas turbine (CCGT) has also high flexibility characteristics despite a lower
ramping rate compared to the simple cycle gas turbines due to the existence of the steam cycle.
However, it is worth noting that there is a technical possibility to bypass the steam cycle and operate
CCGT as a simple gas turbine, which gives this power plant larger flexibility in choosing its mode of
functioning depending on the load solicitation.
Table 2.2: Minimum load, ramping rate, and start -up time for various
technologies 10
Minimum load
(% full load)

Ramping rate (%
full load/min)

Hot startup time (h)

Hydro reservoir

5

15

0.1

Simple cycle gas turbine

15

20

0.16

Geothermal

15

5

1.5

Gas turbine combined cycle

20

8

2

Concentrated solar power (CSP)

25

6

2.5

Steam plants (gas, oil)

30

7

3

Coal power

30

6

3

Bioenergy

50

8

3

Lignite

50

4

6

Nuclear

50

2

24

Technology

Another advantage is related to the ability of gas power plants to operate economically and
competitively under different regimes, including baseload, intermediate load, or peak load regimes.
This competitiveness, driven by lower investment costs (Figure 2.7) and higher energy performance,
reinforces the flexible role of natural gas in power systems accommodating a large share of intermittent
renewables. Moreover, the environmental advantages of natural gas can support lower carbon and
pollution costs and make natural gas and renewables as part of an optimized solution to reduce
emissions in a cost efficient way.

10

Source: Agora energiewende, 2017. Flexibility in thermal power plants. Found at https://www.agoraenergiewende.de/fileadmin/Projekte/2017/Flexibility_in_thermal_plants/115_flexibility-report-WEB.pdf
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Figure 2.8 depicts our estimation of the average levelised costs of producing electricity by different
types of power plants in OECD Europe. These costs include the capital, operational and carbon costs
incurred throughout a plants’ lifetime, and assume different capacity utilizations for power plants. For
CCGT and coal steam turbines, we highlight the average costs for 70% capacity use (reflecting more
functioning of these power plants in baseload regime) and 35% capacity use (reflecting more
functioning in intermediate and peak load regimes). It can be observed that CCGT remains in a good
competitive position compared to other alternatives, even when the capacity factor is significantly
reduced. The reduction of average capacity factor for CCGT from 70% to 35% increases the levelised
cost for CCGT by 8%. This reduction can reach upwards of 40% for coal, making coal power plants less
suitable when increased flexibility is desirable.
Based on the estimation of levelised costs in OECD Europe, CCGT remains competitive compared to
solar, offshore wind and nuclear, with a cost estimated at around 89$/MWh. CCGT can even be more
competitive than coal if the environmental externalities are well integrated with higher carbon prices.
In the case of onshore wind, the estimated costs are relatively less than CCGT, but this cost estimation
needs to be taken carefully since it does not take into account the hidden costs of integrating wind in
power systems, which include the costs of strengthening the electricity networks and the costs of back
up to accommodate the variability of renewables.

Figure 2.7: Average investment costs by type of

Figure 2.8: Average levelised costs by type of
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In addition to technical flexibility and the competitiveness of gas fired power plants, there are also other
benefits of natural gas in partnering with renewables, including




The flexibility of the gas supply chain through gas storage, LNG, or also through operational
flexibility of gas pipelines. For the latter, the pipeline line-pack can provide additional storage
capacity to the gas markets. This gas supply chain flexibility allows to adjust the delivery of
natural gas to increasing variability of gas demand.
The possibility to develop hybrid renewable and natural gas based technologies (e.g. hybrid
solar gas power plants or hybrid such as the one already developed.
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Potential use of natural gas infrastructure for the synthetic gas produced from excess
renewables, which can emerge as a future technology.

Role of gas in improving energy efficiency
Improving energy efficiency can have two opposing effects on natural gas demand: the first is positive,
as energy efficiency initiatives can encourage the penetration of efficient gas-based technologies; the
second is negative, as energy efficiency can affect the potential for demand growth of all energy sources
including natural gas. What is important to note, is that there is a spectrum of gas-based technologies
that can achieve great energy efficiency at relatively low costs, particularly in heating and power
generation. In the power generation sector, the CCGT can reach a thermal efficiency of more than 60%
and has lower associated investment costs compared to coal and nuclear power plants.
There is evidence that increasing penetration of high performance gas power plants over last decade
has contributed to improvements in average thermal efficiency. The GECF estimates that the share of
natural gas in the power generation mix increased from 20% in 2006 to 23% in 2016, while the share
of coal decreased from 40% to around 38%. This increased share of gas used for power penetration
contributed to improving the average efficiency of thermal power plants from 38% in 2000 to nearly
41% in 2016 (see Figure 2.9 below).
Figure 2.9: Average thermal power plant efficiency in relation to gas penetration in the overall energ y mix
(2006 – 2016)
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The emergence of highly efficient gas boilers and natural gas heat pumps also provide non-negligible
potential to improve energy efficiency in buildings and the industrial sector. Moreover, the direct usage
of gas by final consumers allows to improve the energy performance along the whole energy supply
chain, especially when comparing to the final usage of electricity. This is due to the lower energy losses
in the gas supply chain compared to the electricity supply chain.
The latter includes the losses due to thermal conversion to produce electricity, particularly if it is based
on low efficient power plants, as well as the losses in electricity transportation and distribution systems.
Basing on an average power plant thermal efficiency of 36%, the American Gas Association estimates
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the full fuel cycle losses at 8% for direct use of natural gas in the United States and more than 68% for
the direct use of electricity (Figures 2.10 and 2.11) .
Figure 2.10: Energy delivered from source to
final consumers for direct gas usage (%)
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Figure 2.11: Energy delivered from source to
final consumers for electricity usage (%)
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IV. THE MAIN CHALLENGES FOR NATURAL GAS
Despite all the advantages of natural gas, this fuel is facing important challenges and barriers that we
can categorize into four interdependent categories: policy, economic, technological, and
environmental challenges. The following section will address each of these, outlining the conditions
that may hinder the future penetration of natural gas and limit its role in the climate agenda.

Policy challenges
The role of policy in supporting natural gas as a key fuel in the transition to low carbon economies
remains unclear in key consumer markets. For example, it is estimated that only 20 countries among
169 have cited natural gas in their INDCs.11 Policymakers in many countries do not explicitly recognize
the potential of natural gas in reducing carbon intensity over the long-term. Their attention is focused
on other decarbonisation options, which may be more expensive and not without challenges, such as
safety in the case of nuclear and reliability in the case of renewables.
Uncertainties regarding gas policies
In Europe, significant policy constraints exist for natural gas. These include: i) constant changes to gas
market rules and design, ii) the dominance of national policies and priorities over regional EU policy,
which blur the visibility on the role gas should be given in different countries. European gas market
liberalization policies still raise concerns for gas suppliers, mainly those related to the efficiency of
market mechanisms, such as transport capacity allocation, new gas pipelines treatment, and
insufficient harmonization of market rules between countries. Furthermore, the liberalization policy of
energy markets as a whole is sometimes blurred by intervention, particularly in the form of subsidies
that support other energy sources (e.g. subsidies to renewables or to coal in countries like Germany).
Policies regarding the future role of natural gas and coal remain unclear, particularly in some Southeast
Asian countries. In India, for instance, the government announced a target to increase the share of
natural gas to around 15% of the energy mix over the medium-term. This target is very ambitious given
the challenges faced by India, such as large sensitivity to gas prices, competition from cheaper coal, and
huge infrastructural deficits. Moreover, Indian policy pays special attention to improve the efficient
usage of coal, in addition to its support to renewables, and this could affect the penetration of gas,
especially in the power generation sector.
Uncertainties regarding nuclear policies
Another domain that reflects the policy challenge for natural gas is related to the future role of nuclear
energy. With the exception of Germany, European determination to decommission old nuclear fleets
is waning and hesitations about closure can be observed in Switzerland, Spain and France. For the latter,
the 2014 parliamentary decision to reduce the share of nuclear power from 76% in 2014 to 50% in 2025
has been postponed, increasing uncertainty around the future role of nuclear in the country.
Japan, the home of Fukushima, is expected to reinstate its nuclear capacity. In its NDC, the country
states that between 20-22% of its power generation mix will come from nuclear energy by 2030.

11

Stern. 2017. The Future of Gas in Decarbonising European Energy Markets: the need for a new approach. Oxford Institute for Energy
Studies. Available at: https://www.oxfordenergy.org/publications/
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For South Korea, President Moon Jae-in, who was elected in May 2017, pledged to halt the plans aimed
to build new nuclear power capacities, and to not extend existing plants. However, a commission of
population representatives voted in October 2017 for restarting the construction works of two new
nuclear power plants (a Shin Kori No.5 and No.6 units near Ulsan), which were halted after Moon’s
election. Despite the president’s position, the future role of nuclear in South Korea remains a big
uncertainty. It is likely that nuclear will continue to be a non-negligible part of the energy mix, especially
in a context where Korea is positioning itself as a nuclear technology provider.
Addressing policy challenges for natural gas
In general, policies that challenge the future role of natural gas in carbon mitigation are adopted
because of two main concerns: First, the image of natural gas as a fossil fuel that is not fully
decarbonized; and second, the issue of securing gas supply at affordable price.
For the first point, the fossil fuel image of natural gas clashes with a mainstream perception of an energy
future that is based solely on carbon-free alternatives (renewables in particular). This perception needs
to be corrected, given that future economic development and population growth in developing
countries require reliable energy sources with high energy content. Various scenarios acknowledge the
dominance of fossil fuels in the future energy mix, in order to meet increasing energy requirements.
Natural gas is the most compatible fossil fuel with sustainable development.
Regarding the concerns of gas security of supply, it is more a perception than a reality. In actuality,
security of supply increased significantly over the last decade with several discoveries and with
increased diversification of gas resources, particularly with the development of LNG. Natural gas
become a very reliable source and can be supplied at affordable prices. Moreover, technology progress
observed in different parts of the gas supply chain (especially in the upstream and liquefaction
technologies) allows to improve the performance in delivering natural gas to different markets and to
unlock large gas potential at competitive costs.
GECF strives to address these concerns of natural gas, especially by promoting its image, contributing
in the current debate on the role of natural gas in achieving climate agenda and sustainable
development, and supporting a constructive dialogue between gas producers and consumers.
Moreover, GECF is a platform of cooperation between major gas exporters that supports the
development of best practices to unlock the large potential of reserves available in its Member
Countries, and to develop the most sustainable ways for supplying natural gas to different markets.

Economic challenges
Despite many economic advantages of using the gas based technologies and processes, natural gas
faces some economic challenges such as: i) the affordability concerns in some key developing countries
and the competition with cheap alternatives; ii) the economic pressure due to large penetration of
subsidized renewables and iii) the large investments required to support gas infrastructure
development.
Affordability challenge exacerbated by low domestic energy prices and competition of cheaper coal
Among the main economic challenges facing natural gas is its affordability in some key developing and
emerging countries. The affordability issue is related to the difficulties of gas consumers to afford
natural gas price because of their level of incomes or because of the competition of other low-cost
alternatives, particularly coal.
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Developing countries have in general regulated and subsidized domestic energy prices, which are often
kept at low levels to support the population with low incomes and to encourage economic activities.
These regulated and low energy prices can exacerbate the affordability concern and undermine the
ability of governments to sustain large subsidies for imported gas paid at international price level.
Moreover, the existence of low domestic prices, especially for electricity, puts large pressure on power
utilities’ margins, and prevent them from buying internationally priced gas, particularly if they do not
receive enough government compensation to restore their margins. In India, for instance, the increase
in gas prices between 2010 and 2014 has spurred a significant drop in the average utilization rate of
gas-fired power plants (see Figure 4.1). Many of the recently built gas plants, though they are cleaner
and more efficient, have remained idled because of the difficulties to supply gas at competitive prices
compared to the available cheap coal.
Figure 4.1: Whole sale prices (real local currency/toe) versus uti lization rates of gas fired power plants in
India
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Increasing economic pressure of renewables
Another challenge relates to the pressure from the increasing penetration of renewables in the power
sector which can intensify competition, not only between gas and renewables, but also between gas
and other energy sources, especially coal in the context of a persistent low carbon price environment.
This competition pressure can be highlighted in the deregulated European electricity markets, where
the penetration of heavily subsidized renewables has pushed thermal power plants including CCGT to
respond to residual electricity demand (i.e. total electricity demand after subtracting renewable-based
electricity), and contributed in decreasing wholesale electricity prices (based on marginal costs) (Figure
4.2). This has increased competition between natural gas and coal to meet this residual demand, and
reduced the operating hours of the gas-fired power plants imposing economic constraints on these
assets. This situation has resulted in a drop in gas demand for power generation, observed recently in
many European countries.
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Figure 4.2: Illustrative cost curve for thermal power plants before and after introduction of renewable
sources (RES)
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Large amount of required investment in gas infrastructure and supply chain
Finally, the gas industry faces significant investment challenges to build critical infrastructure and supply
chains. The lack of infrastructure, including gas networks and pipelines, can hinder the penetration of
natural gas, specifically in emerging markets. In its 2017 World Energy Outlook, IEA estimates an annual
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need of investment of 360 billion dollars to develop the required gas supply chain for meeting gas
demand, which is expected to grow at 1.6% level annually between 2016 and 2040.

Figure 4.3: Annual average investment by supply chain segments (IEA New Policy Scenario)
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Source: IEA. WEO, 2017.

As highlighted in the chart above, the larger part of this investment, around 2/3, would be dedicated to
the development of upstream, while 90 billion dollars are related to pipeline and transmission lines, of
which half is the average annual amount needed for developing new pipeline infrastructure. LNG
investment required annually is estimated at around 40 billion dollars. These numbers depicts the huge
needs of investments in gas infrastructure.
Despite these important needs, the investment in infrastructure and more generally in the gas supply
chain, faces important challenges. The latter include mainly: i) the security of demand concerns, that
stem from unclear policies regarding the role of natural gas in key consuming regions; ii) the lack of
visibility on revenues with the development of gas pricing approaches, based on hub price indexation
and less consideration of long term contracts, that expose gas project developers to large markets’
fluctuations; iii) funding issues exacerbated by the lack of visibility on demand and revenues and
increasing complexity of gas projects; and iv) the geopolitical tensions in important gas supply regions.
Accordingly, the gas industry needs to find options, especially through partnership, in order to support
funding for developing gas infrastructure. It is worth noting that the emergence of small-scale LNG can
offer a solution to overcome infrastructure challenges through LNG trucking, and can support the
penetration of gas in areas not served by gas networks.
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Technology challenges
Technology development can significantly challenge the role of natural gas in mitigating CO2 emissions,
particularly over the long-term. Technologies that are specifically applied to mitigate emissions are
particularly subject to policy interventions. Policy measures that alter the economic environment
through financial incentives and supports can propel technological advancements and intentionally
promote the development of specific technologies that can compete with natural gas.
The rate at which these carbon mitigating technologies are deployed, as well as the investment and
cost trends that propel these developments, is a reflection of the political, social, and economic
landscape. These relationships are most evident when discussing renewable technologies. According
to the GECF Global Gas Outlook, almost one fifth of global energy demand will be met by renewable
energies in 2040. Renewables will become the fastest growing energy sources, with an average annual
growth rate of 2.5% per annum in terms of energy demand. The largest increase in installed capacity is
projected to come from solar and wind, with an average annual increase of approximately 9% and 6%,
respectively. These projections are partially based on the rate at which solar and wind technologies are
developing, with the aid of policy mechanisms designed to propel their deployment.
The aggressive penetration of renewables observed recently has contributed in significant cost
reductions, Wind and solar technologies, particularly, have achieved important price reductions at
unprecedented rates of progress, which could accelerate further their development and limit the
switching potential of natural gas, especially in the mature markets.
Furthermore, there have been several alternative options to natural gas that have recently emerged to
back-up renewables. These include power storage, network interconnections, as well as demand side
management options supported by the development of smart technologies, digitization, and efficiency
improvements. If these alternatives continue to innovate and obtain significant cost reductions, they
could challenge natural gas in providing the required flexibility for power systems that is necessary with
large renewables penetration. Power storage, through batteries, is a key challenge for natural gas, given
the cost reductions recently achieved by these technologies.
The electrification of end use sectors with alternative energy sources in the power sector might also
constitute a challenge for natural gas. Electrification is a marked trend, particularly in key developed
markets. This development can be further supported by the deployment of high efficiency electric
motors and pumps.
The deployment of energy efficiency options that can strongly moderate energy demand imposes
another limitation for increased natural gas usage. For instance, efficiency improvements in buildings
can strongly reduce gas demand for heating. Many countries have elaborated energy performance
codes for buildings and have initiated renovation programs to improve their energy performance. The
European Commission strongly targets the building sector, which accounts for 40% of Europe's energy
consumption and offers important energy savings potential. The European Energy Performance of
Buildings Directive and Energy Efficiency Directive propose to accelerate building renovations and
launch the new Smart Finance for Smart Building initiative, aimed at promoting investments and use of
smart technologies in demand management. There are also other clean technology options that are
likely to progress and compete with natural gas including nuclear power, ‘clean’ coal, and hydrogenbased electrolysis.
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Environmental challenges
Methane leakage has emerged as an important challenge for the gas industry, since methane is a potent
GHG with a high global warming potential compared to CO2. As mentioned in Chapter II, non-energy
sectors contribute more significantly to methane emissions and there are great uncertainties regarding
input data, transparency and harmonization. Despite these realities, the gas industry needs to seriously
address the issue of methane emissions and step-up efforts in assessing leakage and promoting best
practices in dealing with methane leaks.
There are two important aspects in the current debate on methane emissions. First, the importance
and role of methane in global warming compared to other gases, especially CO2. Second, the ways to
improve data reliability on methane emissions from the energy industry.
Regarding the first point, the key parameter that determines the global warming potential of methane
compared to CO2, is the timeframe that methane remains in the atmosphere used to calculate its global
warming potential12. If the calculation is based on 20 years, the global warming potential (GWP20) is 80
times more than CO2. This potential drops to 28 if the calculation is based on a 100 timeframe (GWP100).
The difference is attributed to the fact that Methane is a short-lived GHG and disappears in the
atmosphere after approximately 12 years (compared to around 100 years for CO2). If GWP20 is
considered in evaluating the contribution of methane to global warming, it will exaggerate its effect
and might give priority to initiatives that support methane mitigation over CO2. Consequently, it is
recommended to consider GWP100 in order to guide policy actions and initiatives adopting a more
balanced approach in combating the global warming.
The second point is related to measurement, reporting and verification of methane emissions. This is
an important challenge due to the huge number of potential sources of emissions worldwide. The latter
include on one hand, intentional leakage and venting due to security reasons or to unavailability of
processing facilities. On the other hand, there is unintentional or ‘fugitive’ methane and methane
emitted from incomplete combustion.
Despite the difficulties in detecting and monitoring this leakage, particularly from unintentional
sources, the gas industry has adopted many initiatives to improve their measurements. For example,
major oil and gas companies have recently committed to reducing methane emissions from their gas
assets. They signed a “guiding principles” document, which includes improvements in the accuracy of
data and collection methods and increased transparency and reporting standards.

12

IGU 2017. UNDERSTANDING METHANE’S IMPACT ON CLIMATE CHANGE, International Gas Union. Available
at:https://www.gasnaturally.eu/uploads/Modules/Publications/igu_17_002_climate_impacts_of_methane.pdf
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V. POST-PARIS AGREEMENT POLICY
ASSUMPTIONS IN THE GECF OUTLOOK AND
THEIR EFFECT ON NATURAL GAS
Policies can significantly affect the future role of natural gas in the context of the Climate Agenda. In
the following section, we present the 2017 GECF Outlook view on the main post-Paris Agreement policy
drivers and assumptions, in different domains including renewables, coal and natural gas, nuclear,
energy efficiency as well as carbon pricing. We highlight also, based on the policy assumptions, the
prospect of energy-related CO2 emissions and the expected role of natural gas.

Renewables
Many countries have proposed ambitious renewables targets, particularly in power generation. In order
to encourage renewable deployment, several mechanisms and support schemes have been developed,
including price based schemes (e.g. feed-in tariffs); quantity based schemes (e.g. renewables
obligations and standards); and fiscal and financial incentives. Some of these are based on direct
government regulation, while others are more market-based. Table 5.1 presents a summary of the main
support schemes available for renewable energies.
Table 5.1: Support schemes and incentives for renewables *
Price based schemes

Quantity based schemes

Support schemes based on
regulation & government
intervention

FITs;
Reduced tariffs for power
network access

Support schemes based on
market mechanisms

Feed-in premiums;
contracts for difference

Renewable Capacity
Obligations.
Power Purchase Agreements
Renewable portfolio standards
with renewables certificates
trading.
Renewable auctioning

Fiscal and financial incentives

General

Privileged fiscal regimes.
Privileged financing conditions
for renewable projects

* Yang et al., 2017

Several countries are looking to introduce and strengthen market-based mechanisms, and to improve
the design of electricity markets to better integrate renewables and incentivize capacity investments
and power system flexibility. The effect of these market-oriented schemes on renewable development
remains uncertain, however, since they introduce more risks for developers.
There is an increasing concern about the efficiency and effectiveness of these support schemes,
especially increased subsidy costs, strained funding capabilities, affordability issues for end users,
maturation of renewable potential in some markets, as well as the challenges associated with
integrating renewables into power grids. The latter is emerging as one of the major issues for the
prospects of renewables in power generation since it requires power systems to be more flexible in
order to balance renewable intermittency. Natural gas can play an important role in providing this
flexibility.
In the GECF Outlook, market-based renewable support schemes will advance in countries which have
already achieved large variable renewable penetration, particularly developed countries, like those in
the EU, and emerging economies like China. Many other nations will experience difficulties boosting
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renewable capacities and meeting their announced targets, especially those with funding constraints,
rigid power systems and competition from conventional energy sources (coal for India and other
Southeast Asian countries; natural gas for MENA countries).
The GECF Outlook adopts a cautious view toward renewable penetration in transportation, as well as
heating and cooling, mainly because of competitiveness issues when these alternatives are compared
to oil and gas. See Table 5.2 for a summary of the main policy targets adopted by key nations in
developing renewable energies, as well as the main policy instruments, which are implemented to cope
with the targets.
Table 5.2: Targets and existing support schemes for renewables in selected markets

US

EU

China

India

Renewables targets

Primary support schemes

State level targets (e.g. California = 33% by
2020 and 50% by 2030)

Renewable Portfolio Standards with renewables certificates trading; fiscal
and financial incentives; federal tax credits

Renewable share in gross energy
consumption: 20% (2020) and 27% (2030)

FITs, feed-in premiums (applied in some countries like Germany);
renewable auctioning; privileged fiscal regimes; privileged financing
conditions for renewable projects

Share of non-fossil fuels in energy mix:
15% (2020) and 20% (2030)

FITs, priority in renewable electricity dispatch; obligation of grid
companies to purchase output from renewable generators; renewable
portfolio standards with renewables certificates trading; renewable
auctioning

Share of non-fossil fuels in power
generation: 40% of installed capacity by
2030

Energy sector reforms (improved competition, improved accessibility to
power grids); renewable purchase obligations; renewable certificates
trading; renewable auctioning; fiscal incentives and funding supports for
renewable projects (particularly coal taxation revenues)

Southeast
Asia

Indonesia: Renewable share in primary
energy: 23% by 2025
Malaysia: Renewables capacities: 4000
MW by 2030

Indonesia: FITs; fiscal and financial incentives; Power Purchase Agreement
Malaysia: FITs; fiscal and financial incentives

Latin
America

Mexico: Share of non-fossil fuels: more
than 35% by 2024, more than 40% by 2035
Brazil: Share of renewables in the energy
mix: 45% by 2030; share of non-hydro
renewables in the power 23% by 2030

Mexico: Renewable auctioning; fiscal and financial incentives; Renewable
certificate trading
Brazil: Renewable auctioning; fiscal and financial incentives; Power
Purchase Agreement

Natural gas and coal
The orientation of gas and coal policies is another important driver of the penetration of natural gas in
the primary energy mix. These policies can, indeed, accelerate or, on contrary, decelerate the switching
tendency observed recently between natural gas and coal.
For natural gas, the GECF Outlook assumes that policy supports to gas infrastructure development,
network integration and upstream projects will play a key role in driving the progress of gas in the
primary energy mix.
One of the main measures supporting the development of gas supply chains are reforms that encourage
competition and investments in infrastructure, support more attractive domestic prices for project
developers and accelerate the permit process for the execution of infrastructure projects. Developing
bilateral and multilateral cooperation frameworks (e.g. the Silk Road initiative launched by China) is
another policy support to increase investments in gas supply chains.

Page | 27

Another important area where gas policy can be supportive to the penetration of natural gas is in the
transport sector. The Outlook assumes that policies encouraging natural gas in transportation are
reinforced in many countries like China and India. These policies would tighten regulations on fuel
quality, as well as introduce measures encouraging the development of distribution networks and
natural gas vehicles. Furthermore, the implementation of the International Maritime Convention on
the Prevention of Pollution (MARPOL), establishing emission standards for shipping (IMO, 2017),
strongly supports the progress of gas in LNG bunkering.
With regard to the coal policies, GECF Outlook assumes that these policies will increasingly impose
restrictions on coal consumption in many key markets. These restrictions are driven by air pollution
reduction requirements, particularly in urban areas, and by measures to reduce CO2 emissions from
carbon-intensive coal-based technologies and processes. Limitations on coal consumption will also be
driven by policies which are not only specific to coal, such as the introduction of carbon emissions and
pollution standards (e.g. the EU’s IED), energy efficiency performance standards, and carbon pricing.

Nuclear
Concerns about climate change and GHG mitigation have significantly reduced policymakers’ negative
perception of nuclear power, which prevailed after the Fukushima disaster. Nuclear power has reemerged as a decarbonisation option, despite the security challenges and high costs associated with
nuclear safety. More than 60% of nuclear power plants are more than 30 years old, heightening
concerns about ageing plants’ safety.
This report considers the overall direction of energy policy to support nuclear energy, by focusing on
strengthened safety requirements and controls. This will lead to lifetime extension of many nuclear
plants in developed countries. The reinforcement of security standards will significantly increase the
costs of nuclear power, according to the GECF reference case. The development of new nuclear power
plants, especially in emerging countries, will face many challenges related to technology transfer, high
project development costs, resistance from the local population, and constraints on fuel supply and
skilled labour. These can lead to discrepancies between announced objectives and realized targets

Energy efficiency
Policies promoting energy efficiency are recognized as an important lever to mitigate GHGs in the postParis Agreement era. Indeed, more than 140 INDCs refer to energy efficiency measures as key
procedures to reduce carbon emissions. Many countries have also identified quantitative energy
efficiency targets. A recent survey of 54 countries conducted by the World Energy Council concluded
that 90% of countries had established at least one target related to energy efficiency (WEC, 2016).
Some have even considered upward revision of their energy efficiency targets, such as the EU and
China. The majority of countries have also established institutions to monitor and implement efficiency
programs and policies.
Several measures are highlighted in Table 5.3, as the main policy instruments adopted to support
energy efficiency worldwide. In this report, mandatory regulations and energy performance standards
are assumed to be the key drivers of energy efficiency developments in the residential, industry and
transportation sectors. These measures are expected to contribute to the penetration of efficient
appliances and technologies, especially electricity- and gas-based technologies.
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Cooling and heating services are expected to become more energy efficient, through the adoption and
strengthening of building codes and retrofitting programs, especially in OECD countries. Promoting
price signals, particularly through energy subsidy cuts, and deployment of smart technologies, are also
important drivers that will play a role in the Outlook. Several countries, particularly non-OECD countries,
are expected to implement energy subsidy reductions that will increase the role of end-use prices in
the rationalization of energy demand.
Table 5.3: Existing policy instruments that support energy efficiency
Mandatory standards and
measures

Appliances and equipment standards; building codes); standards in transportation sectors
Obligations to phase out inefficient equipment and processes, or to conduct audits and energy
efficiency reporting
Energy efficiency funding, tax exemptions

Fiscal and financial supports
Support to modernization of energy generation and transmission infrastructure,

Information and labelling

Energy efficiency rating and information incentives

Market-based instruments

Energy performance certificate trading

Price signals

Subsidies reduction; price signals using smart technologies

Structural changes

Reduction of over capacities in industrial sector, penetration of service sector in the economies,

Policies that support industrial shifts in emerging economies, which target sustainable development,
will support the reduction of energy intensity. Table 5.4 presents a summary of the main energy
efficiency policy targets, as well as the main existing supporting policy instruments, which are
implemented to cope with these targets.
Table 5.4: Targets and existing support schemes for energy efficiency in selected markets
Energy efficiency targets

Primary support schemes

US

State level targets (e.g. California will
achieve a cumulative doubling of energy
efficiency savings by 2030 (SB 350, 2015)

State level programs and energy performance standards; mandatory
energy performance standards (MEPS) for equipment and transportation
vehicles; building codes; federal support for building renovation
(weatherization assistance program)

EU

Efficiency improvements compared to
‘business as usual’ scenario: 20% by 2020
and 30% by 2030

MEPS in different sectors; funding of energy performance projects;
building codes (eco-design directive); support to building sector
renovations; price signals and smart metering

China

Improve energy intensity by 15% by 2020
relative to 2015 levels

Structural shift in economic model; reduction of over capacities in energyintensive industries; MEPS for industrial, buildings and transportation
sectors; industrial programs (China top 10000 programs)

India

Avoid a capacity addition by nearly 20GW
and achieve fuel savings by around 23 Mtce
per year; government targeting to save 10%
of current energy consumption by 2018-19

Modernization of Indian economy; incentives to reduce losses in power
sector, price signals (subsidy reductions); labelling and information
(voluntary performance standards); energy efficiency measured (upscaling
energy efficient technologies), performance and trade scheme for
industrial sector

Japan

Save 50 mn kiloliters (around 42 Mtoe by
2030 compared to business as usual)

MEPS; Top Runner industrial energy efficiency programs; mandatory
obligations for companies to achieve energy savings; building codes

Carbon pricing
Putting a price on carbon, either in the form of carbon taxation or through the application of carbon
price references from the ETS, is considered by many countries as an important lever to mitigate CO 2
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emissions. It is estimated that 2/3 of the parties submitting NDCs to the UNFCCC, stated in their NDCs
that they are considering the use of carbon pricing (taxes, ETS or international carbon pricing) as a
mechanism in order to make progress with their climate commitments and pledges. A large portion of
these parties refer to international carbon pricing mechanisms to support mitigation actions (World
Bank, 2016). More than 40 carbon pricing initiatives (taxes and ETS) exist today, including national,
subnational and regional initiatives. This compares to just 9 initiatives in 2005. These initiatives cover
around 15% of global GHG emissions (World Bank, 2017).
In this Outlook, carbon taxation is assumed to become more widespread, especially in OECD countries.
For Europe, taxation is expected to increase particularly for the non-ETS energy consuming sectors, to
meet the GHG emissions targets stated in the framework of the European Commission’s Effort Sharing
Decision.
The use of carbon taxation is also expected to progress in non-OECD countries, particularly in key
emerging countries, like China and India, which have mentioned carbon taxes in their respective NDCs.
Domestic carbon taxes in non-OECD countries and their impact on energy end-use prices are expected
to remain relatively low. This allows the avoidance of a large cumulative effect with other factors
increasing the end-user prices, such as the expected reduction of energy subsidies.
Carbon pricing via the ETS route is likely to experience some challenges in developing market-relevant
prices. Efforts are underway to address these challenges in some key regions.
For the European carbon market, the EC has considered post-2020 Carbon Market Reforms, in order to
address the structural unbalances between supply and demand of emission allowances. Two main
measures are considered in the framework of these reforms: firstly, the creation of a Market Stability
Reserve mechanism by 2019 as a tool which manages the balance between the supply and demand of
emission allowances; and secondly, the adoption of an accelerated reduction factor of the emissions
cap as a way of tightening the supply of emission allowances, thus encouraging a strengthened CO 2
mitigation effort in line with Paris Agreement commitments.
Regardless, some key challenges could constrain the development of relevant carbon prices from the
EU ETS, including i) Brexit and its potential effect on the functioning and liquidity of the EU carbon
market; ii) Evolution of the supply of emission allowances and the issue of efficient allocation of these
allowances, especially for energy-intensive industries (these industries are receiving free allocation to
avoid their migration outside EU and consequent carbon leakage) ; iii) overlaps between emission
trading systems and aggressive regulatory measures to phase out coal, push for renewables, and
promote energy efficiency. These measures could affect the demand for emission allowances and limit
the need for carbon pricing to achieve CO2 reductions.
It is assumed in the Outlook that the EU ETS carbon market reforms will remove excess emissions
allowances and, therefore, tighten the market resulting in upward pressure on the prices. For the UK,
the government has supported higher carbon prices than those observed in EU ETS since 2013, with
the introduction of a carbon price floor. The latter adds to the EU ETS price reference, a CPS that is
calculated periodically, taking into account targeted future trajectory of carbon price floor, projected
EU ETS prices, as well as economic and competitiveness drivers. It is worth noting that the UK has
recently decided to freeze the CPS at GBP18/tCO2 (inflation corrected) to limit its competitive
disadvantage for UK businesses.
Brexit has raised a large uncertainty over the future of the carbon market in the UK as it raises the
question of the potential withdrawal of the UK from the EU ETS. In the GECF outlook, it is assumed that
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the UK will continue to link its carbon market to the EU ETS and to apply higher carbon floor prices, in
line with the country’s ambitious policies to reduce CO2 emissions.
One of the main carbon pricing initiative announced for 2017 is the Chinese national carbon market,
which is expected to be an extension of the eight pilot carbon markets already initiated at provincial
and city levels.
Despite the apparent willingness of the Chinese government to progress with this initiative, the national
carbon market is facing some key challenges, including i) the need to address large regional disparities
in terms of economic development; ii) differences between pilot carbon markets in terms of scope,
coverage and design which complicate the linkage between these markets; iii) regulatory issues and
complexity of harmonizing the legal framework and designing applicable rules at national level; iv)
reliability issues for emissions data, monitoring, reporting and verification systems; and v) the need to
support and facilitate trading activities on carbon markets in order to improve the liquidity of these
markets (the pilot projects have experienced lack of trading and liquidity with large fluctuations in
reference prices). Figure 5.1 depicts prospects of carbon price references from the ETS in Europe and
China, the most important carbon markets in the world, based on carbon pricing policies.
Figure 5.1: Carbon ETS reference price forecasts ($/tCO 2 )
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The Chart highlights the divergence between the UK carbon price floor and the EU ETS reference prices
used by Germany, reflecting the UK policy to apply higher carbon prices. UK prices decreased in 2016
due to the fall in the EU ETS prices, the depreciation of the UK Pound against the Euro, as well as the
freeze of Carbon Price Support decided by the government. The UK carbon price is, however, forecasted
to remain connected to EU ETS reference prices even after Brexit, and this is in line with the UK’s
willingness to reduce its carbon footprint and to consider market-based signals in doing that. The UK
price is expected to reach around $50/tCO2 in 2030, and more than $80/tCO2 in 2040.
Despite the challenges faced by the EU ETS to support the development of higher carbon prices, this
Outlook forecasts an important increase which will result from significant reductions of CO2 emissions
allowances, driven by the implementation of Phase IV reforms for the post-2020 period.
The Chinese national carbon market is expected observe low initial prices. This is mainly due to a
slowdown and expected structural changes in the Chinese economy, and the introduction of aggressive
regulatory measures to reduce CO2 emission, which could reduce the demand for carbon emission
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allowances and could lead to imbalances between the supply and demand for these allowances. The
prices are, however, forecasted to exceed $10/tCO2 only after 2030.

CO 2 emissions forecasts in the GECF Outlook (2017 edition)
The GECF Outlook forecasts that CO2 emissions will grow at a moderate rate over the long-term,
averaging around 0.5% between 2016 and 2040. This projection reflects the continuous decline in CO2
emissions observed in developed countries, as well as sharp slow-down in the non-OECD region.
Figure 5.2: Energy-related CO 2 emissions (MtCO 2 )
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The projected slow-down of global energy-related CO2 emissions is further supported by international
efforts and momentum triggered by the adoption of the Agreement. Policies and carbon mitigation
measures, driven by countries’ NDC pledges, are expected to play a key role in decelerating CO2
emissions and decoupling them from economic growth and primary energy consumption.
Figure 5.3 highlights the divergent trajectories forecasted between CO2 emissions and GDP (which is
expected to more than double by 2040 relative to 2016 levels), and between CO2 emissions and primary
energy demand.
Figure 5.3: CO 2 emissions, GDP and primary energy consumption (index: 2000 = 100)
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Despite mitigation policies implemented following the Agreement, more effort is needed to achieve an
emissions pathway that is compatible with the very ambitious temperature targets (2°C) stated in the
Agreement. CO2 emissions are forecasted to reach 36.1 GtCO2 by 2030 and 37.2 GtCO2 by 2040. These
figures, 10.9 GtCO2 (by 2030) and 18.8 GtCO2 (by 2040), are respectively more than the estimated
emissions in the 2°C scenario (2DC Scenario or 450 Scenario of IEA). Policy effort is also required to
meet the aggregated emissions targets outlined in NDCs pledges, though these pledges are not yet
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consistent with the Paris Agreement. The emissions gap between the Outlook and the aggregate NDC
targets is estimated to reach 1.5 GtCO2 in 2030 and 2.6 GtCO2in 2040.
In 2016, coal and oil were responsible for 80% of global energy-related CO2 emissions. Together, these
two fuel types are forecasted to generate 73% of CO2 emissions by 2040. Coal will continue to dominate
the global share, representing around 37% of CO2 emissions in 2040; oil will follow with a share of 35%
in 2040 global emissions. Oil and gas are expected to still represent the major part of the emissions,
despite the forecasted reduction of their share in primary energy mix, from 26% in 2016 to 20% in 2040
for coal (respectively from 32% to 29% for oil).
Natural gas, however, is expected to represent less than 27% of CO2 emissions in 2040, which result
from a level of gas consumption representing 26% of the primary energy mix. Natural gas, as the least
carbon-intensive fossil fuel, has the potential to achieve further mitigation of CO2 emissions, through
more penetration and switching, particularly against coal. We estimate that increasing the share of gas
from 26% in primary energy mix to 27% in 2040 at the expense of coal, will be able to reduce CO2
emissions by nearly 400 MtCO2. Consequently, natural gas has a key role to play in the transition to low
carbon economies. In addition to its economic and technical benefits, the environmental advantages
of natural gas should be seriously considered by energy players
Figure 5.4: CO 2 emissions forecasts in the GECF reference case, aggregate NDCs and 2 DC scenario (GtCO 2 )
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IV. CONCLUSION
The energy sector needs to achieve big transformations to reduce its CO2 emissions and keep pace with
the Paris Agreement’s ambitious targets, if it is to play a key role in the global climate agenda. This
report identified three ways for natural gas to support CO2 emissions reductions and carbon intensities:
i) switching from polluting and carbon-intensive fuels; ii) complementing intermittent renewables; and
iii) improving energy efficiency. This report also demonstrated a link between the recent penetration
of natural gas in certain countries and their reduction of carbon intensities. Gas penetration has been
important in the United States, United Kingdom and China, where a large substitution effect has been
achieved at the expense of polluting coal.
The use of natural gas can also improve the flexibility of power systems and their ability to integrate
large shares of intermittent renewables. In this regard, natural gas could be a good partner with
renewables in mitigating CO2 emissions. Moreover, energy efficiency is a key advantage of gas-based
technologies and processes, and this advantage is further reinforced when considering the whole
energy supply chain. A comparison of a full life-cycle for gas and electricity delivered to final customers
in the United States, shows the clear benefit of consuming natural gas, due to much lower energy losses
across the entire supply chain.
Although natural gas has undeniable advantages in mitigating CO2 emissions, it’s also facing important
challenges, including: i) policy challenges and underwhelming prioritization in some key markets; ii)
economic challenges, mainly huge investment needs for infrastructure and affordability issues when
competing with subsidized renewables and cheap coal; iii) environmental challenges, mainly driven by
emerging concerns over methane emissions; and iv) technology challenges, including rapid deployment
rates observed by competing renewable technologies.
Based on its reference case view on the policy drivers and assumptions in the post-Paris Agreement
era, the 2017 GECF Outlook estimates that CO2 emissions from fossil fuels will reach around 36.1 GtCO2 by 2030 and 37.2 Gt-CO2 by 2040. This means that more effort is needed to achieve an emissions
pathway compatible with the very ambitious temperature targets stated in the Paris Agreement. The
GECF forecasts also that the bulk of the long term emissions are due to coal and oil consumption.
Particularly, emissions from coal are projected to reach 37% of the total CO2 emissions in 2040. Natural
gas, however, is expected to represent less than 27%, which result from a consumption of around
4600 Mtoe of gas representing 26% of the 2040 primary energy mix.
Natural gas has the potential to achieve further mitigation of CO2 emissions, through more penetration
and switching, particularly against coal. In order to tap this potential and allow natural gas to play a
more important role, gas producers need to overcome the aforementioned challenges by adopting
proactive initiatives. Among the key initiatives are: i) promoting communication and dialogue with gas
consumers, in order to reduce the negative perception of natural gas and advocate the compatibility
of this fuel with sustainable development; ii) supporting the integration of environmental externalities
with relevant carbon pricing; iii) improving the cost efficiency of gas supply chains; iv) advocating for
better electricity market design and fair competition with renewables; v) supporting gas in different
end use sectors by stimulating gas markets and demand; vi) supporting partnership in funding gas
infrastructure; vii) reducing methane leakage across the gas supply chain; viii) promoting gas efficient
technologies and; ix) encouraging synergies of gas with renewables by supporting, for instance, hybrid
solar and gas technologies.
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