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Glossary
This glossary is compiled by the lead authors of the report,
drawing on glossaries and other resources available on
the websites of the following organizations, networks and
projects: Intergovernmental Panel on Climate Change,
Non-State Actor Zone for Climate Action, United Nations
Environment, United Nations Framework Convention on
Climate Change and World Resources Institute.
Afforestation: Planting of new forests on lands that
historically have not contained forests.
Agroforestry: Farming management practice characterized
by the deliberate inclusion of woody perennials on farms,
which usually leads to significant economic and/or
ecological benefits between woody and non-woody system
components. In most documented cases of successful
agroforestry, tree-based systems are more productive, more
sustainable and more attuned to people’s cultural or material
needs than treeless alternatives. Agroforestry also provides
significant mitigation benefits by sequestering carbon from
the atmosphere in the tree biomass.
Baseline/reference: The state against which change is
measured. In the context of transformation pathways, the
term ‘baseline scenarios’ refers to scenarios that are based
on the assumption that no mitigation policies or measures
will be implemented beyond those that are already in force
and/or are legislated or planned to be adopted. Baseline
scenarios are not intended to be predictions of the future,
but rather counterfactual constructions that can serve to
highlight the level of emissions that would occur without
further policy effort. Typically, baseline scenarios are then
compared to mitigation scenarios that are constructed
to meet different goals for greenhouse gas emissions,
atmospheric concentrations or temperature change. The
term ‘baseline scenario’ is used interchangeably with
‘reference scenario’ and ‘no policy scenario’. In much of
the literature the term is also synonymous with the term
‘business as usual (BAU) scenario’, although the term has
fallen out of favour because the idea of ‘business as usual’ in
century-long socioeconomic projections is hard to fathom.
Biochar: A solid material obtained from thermochemical
conversion of biomass in an oxygen-limited environment.

Bioenergy: Energy derived from any form of biomass such
as recently living organisms or their metabolic by-products.
Bioenergy and Carbon Dioxide Capture and Storage (BECCS):
The application of Carbon Dioxide Capture and Storage (CCS)
technology to bioenergy conversion processes.
Black carbon: The substance formed through the incomplete
combustion of fossil fuels, biofuels, and biomass, which is
emitted in both anthropogenic and naturally occurring soot.
It consists of pure carbon in several linked forms. Black carbon
warms the Earth by absorbing heat in the atmosphere and
by reducing albedo – the ability to reflect sunlight – when
deposited on snow and ice.
Bottom-up model: In the context of this assessment, a model
that represents a system by looking at its detailed underlying
parts. Compared to so-called top-down models, which focus
on economic interlinkages, bottom-up models of energy use
and emissions can provide greater resolution with regards to
sectors or mitigation technologies.
Cancun Pledge: During 2010, many countries submitted
their existing plans for controlling greenhouse gas emissions
to the Climate Change Secretariat and these proposals
were formally acknowledged under the United Nations
Framework Convention on Climate Change (UNFCCC).
Developed countries presented their plans in the shape of
economy-wide targets to reduce emissions, mainly up to
2020, while developing countries proposed ways to limit
their growth of emissions in the shape of plans of action.
Carbon Dioxide Capture and Storage (CCS): A process
in which a relatively pure stream of carbon dioxide from
industrial, energy-related sources or captured from the
air is separated (captured), conditioned, compressed, and
transported to a storage location for long-term isolation
from the atmosphere.
Carbon dioxide emission budget (or carbon budget): For
a given temperature rise limit, for example a 1.5°C or 2°C
long-term limit, the corresponding carbon budget reflects
the total amount of carbon emissions that can be emitted
for temperatures to stay below that limit. Stated differently,
a carbon budget is the area under a carbon dioxide (CO2)
The Emissions Gap Report 2017 – Glossary
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emission trajectory that satisfies assumptions about limits
on cumulative emissions estimated to avoid a certain level
of global mean surface temperature rise.
Carbon dioxide equivalent (CO2e): A way to place emissions
of various radiative forcing agents on a common footing by
accounting for their effect on climate. It describes, for a given
mixture and amount of greenhouse gases, the amount of
CO2 that would have the same global warming ability, when
measured over a specified time period. For the purpose of
this report, greenhouse gas emissions (unless otherwise
specified) are the sum of the basket of greenhouse gases
listed in Annex A to the Kyoto Protocol, expressed as CO2e
assuming a 100-year global warming potential.
Carbon intensity: The amount of emissions of CO2 released
per unit of another variable such as gross domestic product,
output energy use, transport or agricultural/forestry
products.
Carbon offset: See Offset.
Carbon price: The price for avoided or released CO2 or CO2e
emissions. This may refer to the rate of a carbon tax or the
price of emission permits. In many models that are used to
assess the economic costs of mitigation, carbon prices are
used as a proxy to represent the level of effort in mitigation
policies.
Carbon sequestration: The process of removing carbon from
the atmosphere and depositing it in a reservoir.
Carbon stock: The quantity of carbon contained in a carbon
pool or reservoir.
Carbon tax: A levy on the carbon content of fossil fuels.
Because virtually all of the carbon in fossil fuels is ultimately
emitted as CO2, a carbon tax is equivalent to an emission tax
on CO2 emissions.
Circular carbon economy: An economy or portion of an
economy in which waste, by-product, or ambient CO2
serves as feedstock and is recycled into products (e.g., fuels,
chemicals, plastics, carbon composites)
Co-benefits: The positive effects that a policy or measure
aimed at one objective might have on other objectives,
without yet evaluating the net effect on overall social
welfare. Co-benefits are often subject to uncertainty
and depend on, among others, local circumstances and
implementation practices. Co-benefits are often referred to
as ancillary benefits.
Conditional INDC: INDC proposed by some countries that
are contingent on a range of possible conditions, such as the
ability of national legislatures to enact the necessary laws,
ambitious action from other countries, realization of finance
and technical support, or other factors.
Conference of the Parties (COP): The supreme body of the
Convention. It currently meets once a year to review the
Convention’s progress.

viii
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Current policy trajectory: This trajectory is based on
estimates of 2020 emissions considering projected economic
trends and current policy approaches including policies at
least through 2012. Estimates may be based on either official
data or independent analysis.
Deforestation: Conversion of forest to non-forest.
Double counting: In the context of this assessment, double
counting refers to a situation in which the same emission
reductions are counted towards meeting two countries’
pledges.
Economic mitigation potential: The mitigation potential,
which takes into account social costs and benefits and social
discount rates, assuming that market efficiency is improved
by policies and measures and barriers are removed
Emissions gap: The difference between the greenhouse
gas emission levels consistent with having a likely chance
(>66 percent) of limiting the mean global temperature rise
to below 2°C/1.5°C in 2100 above pre-industrial levels and
the GHG emission levels consistent with the global effect of
the INDCs, assuming full implementation from 2020.
Emission pathway: The trajectory of annual greenhouse gas
emissions over time.
Global warming potential: An index representing the
combined effect of the differing times greenhouse gases
remain in the atmosphere and their relative effectiveness in
absorbing outgoing infrared radiation.
Greenhouse gases: The atmospheric gases responsible for
causing global warming and climatic change. The major
greenhouse gases are carbon dioxide (CO2), methane
(CH4) and nitrous oxide (N2O). Less prevalent, but very
powerful, greenhouse gases are hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs) and sulphur hexafluoride (SF6).
Hydrofluorocarbons
(HFC)
bank:
Quantities
of
hydrofluorocarbons already produced or in use of which a
portion is likely to eventually be emitted to the atmosphere
Integrated assessment models: Models that seek to
combine knowledge from multiple disciplines in the form
of equations and/or algorithms in order to explore complex
environmental problems. As such, they describe the full
chain of climate change, from production of greenhouse
gases to atmospheric responses. This necessarily includes
relevant links and feedbacks between socio-economic and
biophysical processes.
Intended Nationally Determined Contribution (INDC):
Submissions by Parties which identify actions each national
government intends to take under the future UNFCCC
climate agreement, negotiated in Paris in December 2015.
INDCs are, in effect, the basis of post-2020 global emission
reduction commitments that will be included in the future
climate agreement.
International cooperative initiatives (ICIs): Initiatives
outside the UNFCCC aimed at reducing emissions of

climate forcers by, for example, promoting actions that
are less greenhouse gas intensive, compared to prevailing
alternatives. Cooperative initiatives also involve national and
sub-national partners (they are often referred to as, simply,
‘cooperative initiatives’).
Kigali Agreement: The Kigali Amendment to the Montreal
Protocol on Substances that Deplete the Ozone Layer aims
for the phase-down of hydrofluorocarbons (HFCs) by cutting
their production and consumption.
Kyoto Protocol: An international agreement, standing on its
own, and requiring separate ratification by governments,
but linked to the UNFCCC. The Kyoto Protocol, among other
things, sets binding targets for the reduction of greenhouse
gas emissions by industrialized countries.
Land use, land-use change and forestry (LULUCF): A
greenhouse gas inventory sector that covers emissions and
removals of greenhouse gases resulting from direct humaninduced land use, land use change and forestry activities.
Likely chance: A likelihood greater than 66 percent chance.
Used in this assessment to convey the probabilities of
meeting temperature limits.
Lock-in: Lock-in occurs when a market is stuck with a
standard even though participants would be better off with
an alternative.
Medium chance: A likelihood of 50–66 percent chance.
Used in this report to convey the probabilities of meeting
temperature limits.
Mitigation: In the context of climate change, a human
intervention to reduce the sources, or enhance the sinks of
greenhouse gases. Examples include using fossil fuels more
efficiently for industrial processes or electricity generation,
switching to solar energy or wind power, improving the
insulation of buildings and expanding forests and other ‘sinks’
to remove greater amounts of CO2 from the atmosphere.
Monitoring, reporting and verification: A process/concept
that potentially supports greater transparency in the climate
change regime.
Montreal Protocol: The Montreal Protocol on Substances
that Deplete the Ozone Layer is an international treaty that
was designed to reduce the production and consumption
of ozone-depleting substances in order to reduce their
abundance in the atmosphere, and thereby protect the
Earth’s ozone layer.
Nationally determined Contribution: Actions that, by
ratifying the Paris Agreement, each party to the UNFCCC
binds itself to pursuing.
Non-state actor: In the context of climate action, ‘non-state
actor’ includes companies, cities, subnational regions and
investors. More broadly, non-state actors have been defined
as entities that participate or act in international relations.
They are organizations with sufficient power to influence
and cause a change even though they do not belong to any
state institution.

Offset (in climate policy): A unit of CO2e emissions that
is reduced, avoided, or sequestered to compensate for
emissions occurring elsewhere.
Party: A state (or regional economic integration organization
such as the European Union) that agrees to be bound by a
treaty and for which the treaty has entered into force.
Pigouvian tax: A tax levied on any market activity that
generates negative externalities (costs not internalized in
the market price).
Pledge case: This case identifies the maximum level of
greenhouse gas emissions that each country or Party could
emit in 2020 and still meet its pledge – without considering
the use of offsets.
Reforestation: Replanting of forests on lands that have
previously contained forests but that have been converted
to some other use.
Scenario: A description of how the future may unfold based
on ‘if-then’ propositions. Scenarios typically include an initial
socio-economic situation and a description of the key driving
forces and future changes in emissions, temperature or
other climate change-related variables.
Short-lived climate pollutants (SLCPs): Compounds in the
atmosphere that cause warming and have lifetimes roughly
below 20 years, including black carbon, ozone, methane,
and many hydrofluorocarbons.
Source: Any process, activity or mechanism that releases a
greenhouse gas, an aerosol or a precursor of a greenhouse
gas or aerosol into the atmosphere.
Shared Socio-Economic Pathways (SSPs): Narratives
of possible societal futures that include quantitative
projections of socio-economic factors such as population,
GDP, urbanization, technologies and regional heterogeneity.
SSP3 (Shared Socio-Economic Pathway – narrative 3): This
SSP narrative is characterized by high challenges to mitigation
and adaptation. It assumes a focus on national and regional
policies, slow economic growth, lack of collaboration,
large population remaining in poverty, and low priority for
environmental policies, leading to strong environmental
degradation in some regions.
Subcritical coal plant: A subcritical coal fired plant uses coal
to heat water into high-pressure steam to drive an electrical
generator, whereas the steam in the boiler does not pass
the supercritical point of water (as compared to supercritical
power plants). The resulting efficiency rates are comparably
low, i.e. below 37 percent.
Sustainable development: Development that meets the
needs of the present without compromising the ability of
future generations to meet their own needs.
Technical mitigation potential: Such potential is estimated
for given scenarios assuming full implementation of best
available pollutant reduction technology, as it exists today,
by 2030 independent of their costs but considering technical
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lifetime of technologies and other key constraints (e.g.,
cultural acceptance) that could limit applicability of certain
measures in specific regions.
Top-down model: A model that applies macroeconomic
theory, econometric and/or optimization techniques
to aggregate economic variables. Using historical data
on consumption, prices, incomes, and factor costs, topdown models assess demand and emissions for goods and
services from main sectors, such as energy conversion,
transportation, buildings, agriculture and industry.
Tropospheric ozone: Ozone in the lowest portion of the
atmosphere extending from the surface to the edge of the
stratosphere. Ozone in this region is a powerful greenhouse
gas, especially in the mid to upper troposphere, whereas the
portion at the surface is damaging to humans and plants.

x
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Uncertainty: A cognitive state of incomplete knowledge that
can result from a lack of information or from disagreement
about what is known or even knowable. It may have many
types of sources, from imprecision in the data to ambiguously
defined concepts or terminology, or uncertain projections of
human behaviour. Uncertainty can therefore be represented
by quantitative measures (for example a probability density
function) or by qualitative statements (for example reflecting
the judgement of a team of experts).
Unconditional INDCs: INDCs proposed by countries without
conditions attached.
2020 pledge: See Cancun Pledge.

Acronyms
°C
BAU
CCS
CO2
CO2e
COP
EJ
G20
Gt
GW
INDC
IPCC
LULUCF
m2
Mt
NDC
OECD
SLCP
UNFCCC

Degree Celsius
Business as usual
Carbon capture and storage
Carbon dioxide
Carbon dioxide equivalent
Conference of the Parties to the United Nations Framework Convention on Climate Change
Exajoules
Group of 20
Gigatonnes
Gigawatt
Intended Nationally Determined Contribution
Intergovernmental Panel on Climate Change
Land use, land-use change and forestry
Square metre
Million tonnes
Nationally Determined Contribution
Organisation for Economic Cooperation and Development
Short Lived Climate Pollutant
United Nations Framework Convention on Climate Change
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Emissions Gap
Report 2017
Political, industrial and civil leaders are strengthening and
implementing the Paris Agreement on Climate Change. Yet
current state pledges cover no more than a third of the
emission reductions needed, creating a dangerous gap,
which even growing momentum from non-state actors
cannot close. This report highlights the dangers of that gap,
the issues behind it and the means at our disposal to close it.
Fossil fuels and cement production still account for about
70 percent of greenhouses gases. The report shows how a
shift in technology and investment can reduce emissions,
while creating huge social, economic and environmental
opportunities. Even as greenhouse gas emissions continue to
increase, carbon dioxide emissions from energy and industry
have remained largely stable since 2014. This is mainly
thanks to, more renewable energy and energy efficiency,
and better infrastructure, notably in China and India. For
example, record levels of renewable energy were added in
2016, but for 23 percent less investment than in 2015. So, it’s
little wonder the sector now employs eight million people,
including more new jobs in China and the United States than
oil and gas.
It proves that using policies and financial frameworks to
grow green technology markets can combat climate change,
reduce pollution and creates a more sustainable society.
And it demonstrates why governments, industry and the
financial community can and must collaborate to provide
the conditions that foster and fast-track innovative solutions.
This is the only way to keep the global temperature rise
below 1.5 degrees and reduce the human and economic
cost of pollution. Many solutions are already available at

a reasonable cost and with sound profits. Encouraging a
faster transition will generate widely-shared benefits and
momentum for climate action.
To understand the alternative, just look at how Hurricane
Harvey flooded 50,000 homes in Texas with nearly 20 trillion
gallons of rain in just five days. Listen to Annie Smith explain
what it’s like going into labour as the floodwaters rise.
Even in a such a wealthy nation, her survival was down to a
human chain of neighbours and firefighters. Or what about
the 1,200 people in India, Nepal and Bangladesh who were
less fortunate when the floods hit there? Over 600 Nepalese
were rescued by elephants, while Red Cross and Red
Crescent workers struggled to find a scrap of dry land and
saw farmers left without even drinking water. Such stories
are a frightening reminder that we simply cannot save every
victim, one at a time, with nothing but compassion.
That is why governments, private sector and civil society
must bridge this catastrophic climate gap. Talking less about
‘fixing environmental problems’ and more about ‘grasping
economic and social opportunities’ is crucial. I hope this
report will nurture that change in mind set, to build a more
prosperous future for this planet and its people.

Erik Solheim
Head of UN Environment
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Executive summary
The Paris Agreement adopted in 2015 set the specific goal
of holding global warming to well below 2 degrees Celsius
(°C) compared to pre-industrial levels, and of pursuing
efforts to limit warming to 1.5°C. This report, which is the
eighth Emissions Gap Report produced by UN Environment,
focuses on the “gap” between the emissions reductions
necessary to achieve these agreed targets at lowest cost and
the likely emissions reductions from full implementation of
the Nationally Determined Contributions (NDCs) forming
the foundation of the Paris Agreement. It also explores
potential for enhanced mitigation efforts in a number of
key sectors, presenting cost-effective options for enhanced
action to close the emissions gap.
The report has been prepared by an international team
of leading scientists, assessing all available information,
including that reviewed by the Intergovernmental Panel on
Climate Change (IPCC) in its Fifth Assessment Report (AR5),
as well as more recent scientific studies. The assessment
production process has been transparent and participatory.
The assessment methodology and preliminary findings
were made available to the governments and stakeholders
concerned during relevant international forums, as
well as on the UNEP Live website. The governments of
the countries with specific mention in the report have,
throughout the process, been invited to comment on the
specific assessment findings.

1.

The overarching conclusions of the
report are that there is an urgent need
for accelerated short-term action and
enhanced longer-term national ambition,
if the goals of the Paris Agreement are to
remain achievable — and that practical
and cost-effective options are available
to make this possible.

• The successful Paris Agreement has generated and
incentivized action at scale by both governments
and the private sector. Nevertheless, it marks only a
beginning. The NDCs that form the foundation of the
Paris Agreement cover only approximately one third
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of the emissions reductions needed to be on a leastcost pathway for the goal of staying well below 2°C. The
gap between the reductions needed and the national
pledges made in Paris is alarmingly high.
• Looking beyond 2030, it is clear that if the emissions gap
is not closed by 2030, it is extremely unlikely that the goal
of holding global warming to well below 2°C can still be
reached. Even if the current NDCs are fully implemented,
the carbon budget for limiting global warming to
below 2°C will be about 80 percent depleted by 2030.
Given currently available carbon budget estimates, the
available global carbon budget for 1.5°C will already be
well depleted by 2030.
• Action by subnational and non-state actors, including
regional and local governments and businesses, is key to
enhancing future ambition. There is still limited evidence
that non-state action will fill a significant part of the
emissions gap, although there is significant potential
for it to do so. Enhanced monitoring and reporting of
non-state actions and the resulting emissions reductions
be will be essential to making pledged actions transparent
and credible.
• More ambitious NDCs will be necessary by 2020 and
should build on the existing, extensive knowledge
about the cost-effective policies and measures that can
be taken. A systematic assessment of sectoral mitigation
options presented in the report shows that the gap can
be closed before 2030 by adopting already known and
cost-effective technologies, often by simply adopting
or adapting best practice examples already deployed in
the most innovative country contexts. The assessment
in Chapter 4 shows that emissions could be reduced
by up to 30 to 40 GtCO2e per annum, with costs below
US$100/tCO2e. It is remarkable that a large part of this
potential comes from just six relatively standardized
categories: solar and wind energy, efficient appliances,
efficient passenger cars, afforestation and stopping
deforestation. These six present a combined potential of
up to 22 GtCO2e per annum.

• This eighth Emissions Gap Report assesses in more detail
some specific options that may contribute to closing the
gap. These include addressing the possibilities and risks
associated with technologies and practices to remove
carbon dioxide from the atmosphere via enhanced
land-use sinks and advanced storage technologies.
The land-use related options offer an annual reduction
potential in 2030 of the order of between 4 and
12 GtCO2e, forming part of the sectoral potential
mentioned above. It is still too early to judge the potential
for the emerging technology options.
• The report also covers an assessment of the potential
contribution from reductions in short-lived climate
pollutants (SLCPs), although they are not directly
comparable with reductions in long-lived greenhouse
gases. Reductions of SLCPs limit the rate of short-term
warming, and when sustained and combined with CO2
reductions, these reductions also help to limit long-term
warming, which is the ultimate aim of closing the
emissions gap.
• Finally, the report presents an assessment of recent
developments in the coal sector, and discusses how a
transition away from coal could be incentivized. The
assessment shows that a transition could take place
remarkably quickly, if political will and market signals
provide adequate incentives, but it also shows that a just
transition requires careful consideration of the social and
energy system impacts and additional policies to cope
with such impacts. If these effects are not addressed
from the beginning of a transition process, they very
often prevent or hamper the process significantly.
Government policy is essential not only to incentivize
innovation, but also to mitigate adverse effects and to
ensure social and political acceptability. It is essential
to do everything possible to ensure that the benefits
stemming from a transition are shared.

2.

The Facilitative Dialogue and the
2020 revision of the NDCs are the last
opportunity to close the 2030 emissions
gap.

These key messages send a set of strong signals to the
Facilitative Dialogue process scheduled to take place under
the aegis of the United Nations Framework Convention on
Climate Change (UNFCCC) during 2018, and suggest that
ambition should be significantly enhanced in the new and
updated NDCs that will be submitted in 2020.
If the climate targets in the Paris Agreement are to remain
credible and achievable, all countries will need to contribute
to significantly enhancing their national ambitions,
augmenting their national policy efforts in accordance with
respective capabilities and different circumstances, and
ensuring full accounting of subnational action. Furthermore,
a strong commitment to facilitating and stimulating
widespread, equitable and accountable innovation will be
needed, to ensure that the best the world can offer in terms
of cost-effective technology, policy and business models is

available wherever needed. Non-state actors need to adhere
to high standards of accountability in this respect.
Missing the 2020 option of revising the NDCs would make
closing the 2030 emissions gap practically impossible.

3.

Global CO2 emissions from energy and
industry have remained stable since 2014,
but overall greenhouse gas emissions
continue to rise slowly.

Global carbon dioxide (CO2) emissions from fossil fuel
combustion, cement production and other industrial
processes account for about 70 percent of total global
greenhouse gas emissions, and were estimated at a total
of 35.8 GtCO2 for 2016, as shown in figure ES.1. There is
increasing evidence that these emissions have remained
more or less stable for the past three years, reversing the
previous tendency of increases each year. This may indicate
a decoupling of energy- and industry-related CO2 emissions
from economic growth during these years, in which global
Gross Domestic Product increased by between 2 and
3 percent annually. The main drivers have been reduced
growth in coal use since 2011, primarily in China and
secondarily in the United States, growing renewable power
capacity and generation, especially in China and India,
combined with enhanced energy efficiency and structural
changes in the global economy.
However, the trend is still over a relatively short period, and
could potentially be reversed if growth in the world economy
accelerates. Furthermore, continued investment in more
traditional technologies, especially coal-fired power stations,
implies significant technological lock-in and long-term
commitment to continued emissions. The assessment shows
that between 80 and 90 percent of coal reserves worldwide
will need to remain in the ground, if climate targets are to be
reached. This compares with approximately 35 percent for
oil reserves and 50 percent for gas reserves.
Total global greenhouse gas emissions, including emissions
from land use, land-use change and forestry (LULUCF), are
estimated at about 51.9 GtCO2e/year in 2016. The time series
data for global total CO2 and greenhouse gas emissions used
for the Emissions Gap Reports have been updated since the
2016 report, with the estimate for global total greenhouse
gas emissions in 2014 now updated to 51.7 GtCO2e, and the
estimate for global total CO2 emissions in 2015 updated to
35.6 GtCO2. Emissions still show a slowdown in growth in
the past two years, with calculated increases of 0.9 percent,
0.2 percent and 0.5 percent in 2014, 2015 and 2016
respectively, as shown in figure ES.1.
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Figure ES.1.a: Global greenhouse gas emissions for top six
emitting countries and regions (excluding land use, land-use
change and forestry), international transport emissions, and land
use, land-use change and forestry emissions.
Global greenhouse gas emissions

Figure ES.1.b: Global carbon dioxide emissions per region from
fossil fuel use, cement production and other processes, and from
international transport.
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4.

Global greenhouse gas emissions in 2020
are likely to be at the high end of the
range of the scenarios consistent with the
2°C and 1.5°C goals respectively, making
it increasingly difficult to be on track to
meet the 2030 emission goals.

G20 countries are collectively on track to meet the middle
range of their Cancun Pledges for 2020, but for some
countries further action is needed and there are still many
opportunities to further reduce emissions in the short term,
as documented in Chapter 4. While praise for meeting a
target is merited, it should be remembered that it does not
give any indication of how ambitious the target was.
The assessment shows that according to all available
estimates, four of the G20 members – China, the EU28, India
and Japan – are on track to meet their 2020 pledges without
purchasing offsets. A further three – Australia, Brazil and
Russia – are on track according to most estimates.
According to both government and independent estimates,
Canada, Mexico, the Republic of Korea, South Africa and the
United States are likely to require further action, possibly
supplemented by purchased offsets, in order to meet their
2020 pledges. Mexico’s 2020 pledge is conditional on the
provision of adequate financial and technological support
from developed countries as part of a global agreement, and
the fulfilment of this condition has not been assessed.
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Independent estimates of the Republic of Korea’s 2020
emissions are well above the level implied by its pledge.
The country’s amended Green Growth Basic Act, however,
replaced the 2020 pledge with the NDC target for 2030,
implying there no longer is a 2020 target.
Insufficient information is currently available to determine
whether Indonesia is on track to meet its pledge.
Independent projections span a wide range, and official
projections reflecting current policies are unavailable.
Finally, Argentina, Saudi Arabia and Turkey have not made
greenhouse gas reduction pledges for 2020. All three
countries submitted post-2020 pledges to the UNFCCC as
part of their Intended Nationally Determined Contributions
(INDCs).
The limited collective ambition of the Cancun Pledges means,
however, that the global greenhouse gas emissions in 2020
are likely to be at the high end of the range of the scenarios
consistent with the 2°C and 1.5°C targets respectively.
This increases the challenge of meeting the necessary
2030 emission goals. With the limited time to 2020, it will
be difficult to realize any significant additional emission
reductions, but many actions can still be initiated that both
lead to short-term reductions and facilitate pathway changes
for the next decade.

5.

A large gap exists between 2030 emission
levels and those consistent with leastcost pathways to the 2°C and 1.5°C goals
respectively. The 2°C emissions gap for
the full implementation of both the
conditional and unconditional NDCs for
2030 is 11 to 13.5 GtCO2e. The gap in
the case of the 1.5°C target is 16 to
19 GtCO2e.

The assessed global scenarios show that if least-cost
trajectories are followed, then emissions of all greenhouse
gases should not exceed 42 GtCO2e in 2030, if the 2°C target
is to be attained with higher than 66 percent chance. The
level for 1.5°C has in earlier reports been reported with

higher than 50 percent probability and is about 5 GtCO2e
lower than the central estimate for the 2°C pathways. New
studies are, however, becoming available that present leastcost pathways starting from 2020 that could return global
warming to below 1.5°C by 2100 with higher than 66 percent
probability. These studies indicate a much lower required
level of around 24 GtCO2e, which would imply a need for
significantly faster and deeper reductions than previously
anticipated. The number of published studies on this topic
is considered too low to allow for inclusion in the gap
assessment with a high level of confidence in 2017, but it is
expected that further analysis of these 1.5°C pathways with
higher than 66 percent probability will be included in the
2018 report.

Figure ES.2: Global greenhouse gas emissions under different scenarios and the emissions gap in 2030 (median estimate and 10th to 90th
percentile range).

Annual Global Total Greenhouse Gas Emissions (GtCO₂e)
70

Baseline

60

Current policy trajectory
Uncondional
NDC case

40

Purple area shows pathways
liming global temperature
increase to below 1.5°C by 2100
with 50 to 66% chance

Remaining gap
to stay within
2°C limit

GtCO2e

19
GtCO2e

16
GtCO2e

Median esmate
of level consistent
with 2°C:
42 GtCO₂e
(range 31-44)

Remaining gap
to stay within
1.5 °C limit

Uncond. NDC case

2°C
°C
range
e

Blue area shows pathways
liming global temperature
increase to below 2°C by
2100 with > 66% chance

Cond. NDC case

GtCO2e

13.5

Cond. NDC case

11

50

Uncond. NDC case

Condional
NDC case

Median esmate
of level consistent
with 1.5°C:
36 GtCO₂e
(range 32-38)

1.5°C
range
70
Baseline

60

30
2015

2020

2025

Current policy trajectory

2030

Uncondional NDC case
Condional NDC case

50

Note: the emissions range for 1.5°C is smaller than for 2°C, as a smaller number
of studies for 1.5°C are available. For current policy, the minimum–maximum
across all assessed studies are provided.

40

2°C
range

30

1.5°C
range

20

10

0
2010

2020

2030

2040

2050

The Emissions Gap Report 2017 – Executive summary

xvii

The emissions gap related to the 2°C goal for the full
implementation of NDCs for 2030 is 11 to 13.5 GtCO2e,
for conditional and unconditional pledges respectively.
These estimates are slightly lower than the 12 to 14 GtCO2e
estimates in the 2016 report, due to updated information
from five global studies with lower emission projections
resulting from the NDCs. The emissions gap in the case of
1.5°C with higher than 50 percent probability is found to
be 16 to 19 GtCO2e for conditional and unconditional NDCs
respectively, which is higher than the 15 to 17 GtCO2e
estimates in the 2016 report, due to new studies on 1.5°C
pathways and the harmonization of 2010 emission levels
across scenarios. As indicated above, there are not enough
studies available to give a reliable estimate for a gap in the
case of higher than 66 percent probability, but it is clear the
gap will be larger.
The alarming number and intensity of extreme weather
events in 2017, such as hurricanes, droughts and floods,
adds to the urgency of early action. These events underline
the importance of the Paris Agreement, which seeks to limit
warming 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”. The particular class of models
referred to in this Emissions Gap Report looks at meeting
the Paris Agreement goals at the lowest possible costs,
and therefore results do not change even when the risks of
climate change become more apparent.
Implications for the carbon budget: If the current NDCs
are fully implemented, the carbon budget for limiting
global warming to below 2°C with higher than 66 percent
probability will be about 80 percent depleted by 2030. Given
currently available carbon budget estimates, the available
global carbon budget for 1.5°C with at least 50 percent
probability will already be well depleted by 2030.
Implications for temperature levels in 2100: Full
implementation of the unconditional NDCs and comparable
action afterwards is consistent with a temperature increase
of about 3.2°C by 2100 relative to pre-industrial levels. Full
implementation of the conditional NDCs would lower the
projection by about 0.2°C.

6.

Most G20 countries require new policies
and actions to achieve their NDC pledges.

This 2017 report includes an updated assessment of the
emissions associated with the NDC pledges and current
policies of each of the G20 countries, including the EU. As
these countries collectively generate around three quarters
of global greenhouse gas emissions, their success in
implementing (or exceeding) their NDC pledges will have a
major impact on the achievement of the global temperature
goals.
The assessment shows that for many countries, implementing
their NDC would lead to lower emissions than the current
policies scenario, or in other words that additional policies
will have to be implemented to meet the NDC target. The
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level of ambition embedded in NDCs varies considerably:
for some countries the NDC target is actually above current
projected policy case emissions.
With this caveat, recent studies assessed suggest that
Brazil, China, India and Russia are likely to – or are roughly
on track to – achieve their 2030 NDC targets with currently
implemented policies. Conversely, Argentina, Australia,
Canada, the European Union, Indonesia, Japan, Mexico,
South Africa, the Republic of Korea and the United States are
likely to require further action in order to meet their NDCs,
according to government and independent estimates.

7.

Subnational and non-state action has the
potential to reduce the emissions gap
by a few gigatonnes CO2e/year by 2030.
Improved information about the impact
of subnational and non-state action is
urgently required.

Subnational and other non-state actors, such as private
companies, make a considerable contribution to global
greenhouse gas emissions. For example, the world’s 100
largest emitting publicly traded companies account for
around a quarter of global greenhouse gas emissions.
State and non-state actions can both overlap and mutually
reinforce each other, but it is currently unclear how many of
the actions by non-state actors are included in the national
pledges. The assessment provided here suggests that the
aggregated additional impact of the various non-state
initiatives is of the order of a few GtCO2e in 2030, over
and above current NDCs. This is potentially a significant
contribution to closing the gap, if the initiatives reach their
stated goals, and if these reductions do not displace actions
elsewhere. Coordinated, comparable and transparent
reporting and verification of actions by all actors is essential
to clarify effects and possible overlaps. This would also
help in gaining recognition of ambitious action and would
facilitate replication.

8.

The Kigali Amendment and the ICAO
Offsetting Scheme provide some
welcome additional momentum and may
contribute just under 1 GtCO2e to closing
the gap in 2030.

The Kigali Amendment, signed in December 2016, aims to
phase out the use and production of hydrofluorocarbons,
and the agreement is expected to accelerate this process,
which some countries have already included in their NDCs.
The impact compared to a no-action baseline would globally
be of the order of 0.7 GtCO2e/year in 2030. Since some
countries already include hydrofluorocarbons phase-out in
their NDCs, the additional impact compared to the NDCs will
be smaller. UN Environment will in 2018 undertake a new
specific assessment to shed more light on the impacts of
implementing the Kigali Amendment.
International aviation emissions are expected to grow
from 0.5 GtCO2e in 2017 to around 1.1 GtCO2e in 2030,

with increasing traffic demand over the coming decades.
Domestic aviation is included in many countries’ NDCs
and related national actions, but international aviation is
not. The ICAO’s Carbon Offsetting and Reduction Scheme
for International Aviation (CORSIA) established to reduce
emissions from international aviation is estimated to have
an impact of 0 to 0.3 GtCO2 per year on global emissions in
2030. The wide range implies that the result will depend on
the way the offsetting rules will be set. The long-term impact
will likely be larger.

9.

The assessment of the emissions gap and
the mixed progress on implementation
of both the Cancun Pledges and the NDCs
show that there is a significant distance
between the current collective ambitions
and commitments and what is required to
meet the temperature goals of the Paris
Agreement. It is therefore absolutely
crucial that the Facilitative Dialogue
in 2018 addresses the need and the
opportunities for significantly enhanced
action pre-2030, including by assisting
and informing countries in urgently
strengthening their NDCs.

In order to inspire the process of strengthening NDCs, this
2017 Emissions Gap Report addresses a number of key
opportunities for closing the 2030 emissions gap, including:
• A systematic review of the mitigation potential of a
large number of sector actions. The results here are
unambiguous: technologies and institutional innovations
are available to bridge the emissions gap, and at
reasonable cost.
• A detailed assessment of global developments in the
coal sector that also examines the options and barriers
for a gradual coal phase-out.
• Opportunities offered by limiting emissions of SLCPs.
Reducing these pollutants will limit the rate of shortterm warming, and when sustained and combined with
CO2 reductions, help limit long-term warming, which is
the ultimate aim of closing the emissions gap.
• Options for both biological and technological carbon
dioxide removal: some of the former come with decades
of experience, while many of the latter are still in their
infancy.

10. The emissions reduction potential by
2030 at costs <US$100/tCO2e, compared
to the current policy trajectory, is
sufficient to close the emissions gap in
2030 under all cases assessed. It could in
addition provide many benefits for other
important environmental, social and
economic goals.
The systematic review presents estimates of the global
emission reduction potentials that could be achieved in 2030
in six key sectors: agriculture, forestry, buildings, energy,

industry and transport. For all sectors, the main categories
of emissions reduction for 2030 are identified.
The focus is on the socio-economic potential, meaning
that the numbers presented refer to the total emissions
reductions that can be achieved using all technologies
available in a given future year. The potential is defined by
all reductions that can be achieved at a cost of no more
than US$100/tCO2e, using social, not private, payback
times. Most of the potential, however, can be achieved at a
cost significantly below US$100/tCO2e.
There are important uncertainties related to technology
development assumptions and implementation rates, such
as how rapidly solar photovoltaic energy production can be
scaled up, or the rate at which buildings can be retrofitted.
Most of the underlying analysis introduces some degree of
‘realism’ to the assessment and its respective assumptions.
In general, the potentials can be achieved if countries
around the globe are willing to establish necessary policies
that enable the available solutions to be implemented and
barriers to be addressed.
The total of all emission reduction potentials in the
assessment amounts to 35–41 GtCO2e/year in 2030, with
details shown in table ES.1. However, there are some
areas where estimates of potentials are fairly new, and it
is uncertain whether it is indeed feasible to realize them
by 2030. Leaving out these areas will reduce the emission
reduction potential to 30–36 GtCO2e, which is still more
than double the 2030 emissions gap for the 2°C goal.
An important question is of course what are the policies,
measures and costs required to implement a substantial
part of these emission reduction options? Although
answering in full is beyond the scope of the current
assessment, some first comments are made in Chapter 4.
It is remarkable that a large part of the potential consists
of just six relatively standardized categories: solar and
wind energy, efficient appliances, efficient passenger
cars, afforestation and stopping deforestation. These six
measures sum up a potential of 15–22 GtCO2e, making up
over 40 percent of the total potential. All these measures
can be realized at modest or even net-negative incremental
costs, and in most of the cases there are proven policies
that can be replicated.
For both current and evolving technologies, the assessment
reported here are at the global level. Further work will be
needed to disaggregate by region and design appropriate
mitigation plans for each country. Countries will need to
undertake more specific assessment of the key options
relevant to their own circumstances as part of the
collective effort to boost the global mitigation ambitions.
It will be important to ensure that international technical
and financial support is available to facilitate action in
developing countries.
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Table ES.1: Overview of emission reduction potentials in 2030 (GtCO2e per year).
Sector

Agriculture

Category

Emission reduction potential
in 2030 (GtCO2e)

Cropland management

0.74

Rice management

0.18

Livestock management

0.23

Grazing land management

0.75

Restoration of degraded
agricultural land
Peatland degradation and
peat fires
Biochar
Shifting dietary patterns
Decreasing food loss and
waste

Buildings

Energy sector

Forestry

Industry

Transport

Renewable heat - bio

0.39

Renewable heat - solar

0.21

Lighting

0.67
3-6

Wind energy

2.6 - 4.1

Hydropower

1.89

Nuclear energy

0.87

Bioenergy

0.85

Geothermal

0.73

CCS

0.53

Bioenergy with CCS

0.31

Methane from coal

0.41

Methane from oil and gas

1.78
1.6 - 3.4

Basic

Basic (indirect emissions)

See energy sector
potential

Basic

10 (9.3 – 10.6)

Additional

0.3 (0.2 - 0.4)

Basic

2.2 (1.7 - 2.6)

Basic

5.3 (4.1 - 6.5)

3

Energy efficiency - indirect

1.9

Energy efficiency - direct

2.2

Renewable heat

0.5

Non-CO2 green house gases

1.5

CCS

1.22

Heavy Duty Vehicles potential
(efficiency, mode shift)

0.88

Light Duty Vehicles potential
(efficiency, mode shift, electric
vehicles)

2.0

Shipping efficiency

0.7

Aviation efficiency

0.32 - 0.42

Biofuels

0.63 - 0.81

Total basic emission reduction potential

3.7 (2.6 - 4.8)

1.9 (1.6 - 2.1)

3.3

Solar energy

Enhanced weathering
measures

Additional

0.97 - 2

0.52 - 0.93

Landfill gas recovery
Other

0.2
0.37 - 1.37

0.68 - 0.85

Reducing deforestation

3 (2.3 - 3.7)

1.6

Existing buildings

Restoration of degraded forest

Basic

Sectoral aggregate potential
(GtCO2e)

0.5 - 1.7

New buildings

Appliances

Category

0.4
0.73 - 1.22

Basic (indirect emissions)

See energy sector
potential

Basic

5.4 (4.2 - 6.6)

Basic

4.7 (4.1 - 5.3)

Basic

0.4 (0.3 - 0.5)

Additional

1 (0.7 - 1.2)
33 (30 - 36)

Total emissions reduction potential including additional
38 (35 - 41)
measures
Note: Although for many emission reduction categories a single point estimate is given, there are always uncertainties, assumed to be ±25 percent. For the categories
peatland degradation and peat fires, biochar and energy efficiency, the potential in 2030 is more uncertain. Therefore, a higher uncertainty range of 50 percent is applied
to these categories. In the final column, the categories are aggregated to the sectoral level. The numbers in the third column are not corrected for overlap between
measures. The numbers in the final column are corrected for overlap, and this is also reflected in the total potential. Therefore, the total is smaller than the sum of
the individual potentials in the third column. The aggregate potentials for indirect emission reductions in buildings and industry are reflected in the electricity sector
potential.
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11. Avoiding building new coal-fired power
plants and phasing out existing ones is
crucial to closing the emissions gap. This
will require careful handling of issues
such as employment impacts, investor
interests, grid stability and energy access
to achieve a just transition.
Many of the sectoral mitigation options presented above
will, if implemented at scale, bring significant changes to
the global energy sector, especially in growing but quickly
decarbonizing electricity capacity. For this to happen, it
will be important to also reduce the fossil-based electricity
capacity already in place and under construction and avoid
planning new coal plants. A gradual phase-out of coal is
needed, recognizing that coal-based power generation will
remain significant for a number of both developing and
industrialized countries until at least 2030.
Today, there are an estimated 6,683 operating coal-fired
power plants in the world, with a combined installed capacity
of 1,964 GW. If these plants were operated until the end of
their lifetime and not retrofitted with carbon capture and
storage (CCS), the stock of operating power plants would
emit an accumulated amount of around 190 GtCO2.
Without additional policy interventions, the number of coalfired power plants will continue to increase. As of early 2017,
across the globe there were additional 273 GW of coalfired capacity in construction and 570 GW at the planning
stage. Ten countries make up approximately 85 percent of
the entire coal pipeline, with 700 GW being built or planned
in China, India, Turkey, Indonesia, Vietnam, Japan, Egypt,
Bangladesh, Pakistan and the Republic of Korea alone. As
shown in table ES.2, these new plants, if operated until
the end of their assumed lifetime of 40 years, would lead

to additional accumulated emissions of approximately
150 GtCO2. In comparison, the total remaining carbon
budget is approximately 1,000 GtCO2 for staying below 2°C
and around 300 GtCO2 for staying below 1.5°C. On a positive
note, in 2016 a large number of planned coal-fired power
plants— particularly in China and India — were shelved
or cancelled, and globally there was a slower rate of coal
expansion generally.
Large-scale phase-out of coal will pose very different
challenges and solutions for individual countries, and with
respect to existing plants, recently built plants and those in
the pipeline.
Chapter 5 discusses experiences with possible market and
non-market-based policy instruments and how these could
be used to incentivize a transition away from coal. A set of
country assessments presents the challenges a transition
would have for the largest coal-using and exporting
countries. One example, from India, illustrates some of these
challenges by showing that coal production, transport, usage
and ash disposal employ almost one million people. Coal
mining is the second largest employer in India — the largest
being the railroads, which again has coal transporting as its
number one product and revenue source.
The country examples show that if a transition is to succeed,
it will need to be carefully managed, ensuring that impacts
on workers, coal owners, industry and energy users are, as
far as possible, addressed up front and that compensation
measures are developed in consultation with these key
stakeholders. Failing to address the interests of the potential
“losers” in any transition process has made many societal
or industrial transitions fail or created political and social
unrest.

Table ES.2: Committed carbon dioxide emissions for coal-fired power plants, in GtCO2, by status and region.
Region
East Asia

Announced

Pre-permitted

Permitted

Construction

12.19

12.34

6.30

30.41

Operating
126.41

Total
187.66

South Asia

6.21

9.87

5.89

8.28

27.42

57.67

South-East Asia

7.00

5.78

2.63

5.21

8.95

29.60

European Union

0.60

0.66

0.17

1.14

7.22

9.79

Non-EU Europe

4.86

5.30

1.70

0.44

3.56

15.87

Middle East and Africa

5.83

1.16

1.94

2.14

2.46

13.52

Latin America

0.61

0.17

0.28

0.37

1.74

3.18

Eurasia

1.65

0.00

0.00

0.20

2.69

4.54

North America

0.00

0.00

0.15

0.00

8.85

9.01

Australia and New
Zealand

0.00

0.00

0.00

0.00

1.14

1.14

38.97

35.28

19.08

48.20

190.44

331.97

Total

Note:
• The figures take into account the remaining lifetimes of existing plants.
• A lifetime of 40 years is assumed for newly constructed power plants.
• European Union data refers to the current 28 Member States. North America refers to both Canada and the United States.
• It is assumed that not all permitted, pre-permitted and announced power plants come online.
Source: Edenhofer et al. (2017) and Shearer et al. (2017)
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12. Reductions in SLCP emissions can be an
13. Carbon dioxide removal from the
important part of global mitigation efforts
atmosphere can provide an additional
and contribute to the achievement of
mitigation element to conventional
a number of Sustainable Development
emission abatement strategies. Biological
Goals. Significant potential, beyond
CO2 removal through afforestation,
reforestation, forest management,
existing commitments, is achievable with
restoration of degraded lands, soil carbon
proven technologies, but dedicated policy
enhancement and biochar application in
action to establish legal frameworks and
agriculture can play an immediate role,
institutional capacity is required to unlock
and can also significantly contribute
it.
to achieving several other Sustainable
SLCPs are agents that have a relatively short lifetime in
Development Goals.
the atmosphere — from a few days to a few decades —
and a warming influence on climate. The main SLCPs are
black carbon, methane and tropospheric ozone, and some
hydrofluorocarbons are also included. Although some SLCPs,
particularly black carbon, are not greenhouse gases and not
included under the UNFCCC and its Paris Agreement, most
SLCPs are considered in evaluations of pathways towards
the temperature targets. Reducing these pollutants will
limit the rate of short-term warming and, when sustained
and combined with CO2 reductions, will help limit long-term
warming, which is the ultimate aim of closing the emissions
gap.

Carbon dioxide removal refers to a cluster of technologies,
practices and approaches that remove and sequester carbon
dioxide from the atmosphere. Despite the common feature
of removing CO2, these technologies and approaches are
very different. In generic terms, they can be distinguished as
biological or engineered options. For biological options such
as afforestation, reforestation or soil carbon management,
experience has been accumulated over decades. On the
other hand, engineered options such as bioenergy combined
with carbon capture and storage, or certainly direct air
capture, have large potential but are still in the early stages
of development.

A complete separation between these pollutants and CO2
reductions is also not possible, as decarbonization strategies
will lead to reductions in some SLCPs, including black carbon,
about a third of which originates from fossil fuel sources,
and energy efficiency improvements can reduce all types of
emissions. SLCP reductions have the potential to decrease
the rate and degree of warming in the next few decades, due
to the rapid effect of their mitigation on temperature.

As indicated in the sectoral mitigation options presented in
table ES.1, the potential for significant contributions to close
the gap exists in the agricultural and forestry sectors. Chapter 7
presents a more detailed assessment of some of these
options, along with some of the more recent technological
approaches to capturing and storing CO2.

Studies have estimated that mitigation of SLCPs has the
potential to avoid up to 0.6°C of warming by mid-century
and in this way, to reduce impacts that are related to
cumulative heat uptake, helping ensure a steady and lower
temperature trajectory towards the temperature goals of
the Paris Agreement. In addition, there will be a number of
other benefits associated with a reduced emissions pathway,
notably improved air quality.

Land-based carbon removal options, including forests,
wetlands and soils have been managed by humans for
many years and as such, there is a wealth of knowledge
that can be readily applied today with confidence. In
addition, these approaches present opportunities to meet
other global sustainability goals, such as improved water
quality, ecosystem restoration, biodiversity preservation and
improved crop yields. The total annual reduction potential
is in the order of 4 to 12 GtCO2e, with relatively wide ranges
for the various options; some studies indicate a significantly
higher potential.

Successful cooperation on the individual building blocks of
the international climate regime, such as the Climate and
Clean Air Coalition or the Montreal Protocol, will build the
trust and confidence required to help accelerate progress on
some of the bigger elements of the Paris Agreement.
In many NDCs it is usually difficult or impossible to identify
particular compounds, as targets are given in CO2e often
without specific targets for methane, hydrofluorocarbons
or black carbon. Instead the NDCs provide a broad list of
sectors and actions where mitigation action is planned. Four
countries specifically address black carbon in their NDCs—
Mexico, Chile, Nigeria and Canada—with Mexico specifying
a target.

xxii
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For these land-based options to contribute to carbon removal
at the gigatonne scale, large land areas and ecosystems may
need to be engaged in new ways. There are substantial
uncertainties regarding effective carbon removal rates,
possible volumes and duration of effective sequestration,
and implications for ecosystem services and food production
currently associated with these land areas.
The chapter presents a detailed assessment of one specific
set of options that has briefly been addressed in previous
Emissions Gap Reports—bioenergy with carbon capture
and storage. This option warrants a specific focus, because
it forms an integral part of the solutions considered within
many integrated assessment models, and its components are
already applied at a large scale. Most scenarios that aim to

Major
strategies
for negave emission technologies
Figure ES.3: Major strategies for negative
emission
technologies.

NATURAL

FOR
REST
ESTRYY / AGRICU
CULTRUE

COMBINED

NATURAL + TE
TECHNOLO
LOG
GIC
CAL

TECHNOLOGICAL
ENERGY / IND
DUSTRY

Afforestaon/
Reforestaon
Tree growth takes up CO₂
from the atmosphere

Biochar
Partly burnt biomass is added
to soil absorbing addional CO₂

Soil Carbon Sequestraon
Land management changes
increase the soil carbon
content, resulng in a net
removal of CO₂ from the
atmosphere

Accelerated Weathering
Natural minerals react with
CO₂ and bind them in new
minerals
Direct Air Capture
CO₂ is removed from
ambient air and stored
underground

Bioenergy with
Carbon Capture and
Storage (BECCS)
Plants turn CO₂ into
biomass that fuels
energy systems; CO₂
from conversion is
stored underground

Ocean Alkalinity
Enhancement
Alkaline materials are
added to the ocean to
enhance atmospheric
drawdown and negate
acidificaon

Other Land-Use/ Wetlands
Restoraon or construcon of
high carbon density, anaerobic
ecosystems

CO2 to Durable Carbon
CO₂ is removed from the
atmosphere and bound in
long-lived materials

More costly O
Greater R&D needs O
Less vulnerable to reversal O

R Less costly
R Closer to deployment
R More vulnerable to reversal
Note: This figure includes the major strategies that have been discussed in the literature so far (Minx et al., 2017).

keep global warming below 2°C, and especially those aiming
for below 1.5°C, include contributions from this option at the
gigatonne scale. Achieving these reductions, however, would
entail significant land-use and water-resource requirements
and substantial investment; the question of whether the
model assumptions are realistic is therefore a relevant one.
In addition, while bioenergy and carbon capture and storage
are relatively mature technologies individually, there is very
little deployment of them in combination, especially at a
large scale. Whether the combined option can thus be scaled
up promptly to help achieve the ambitious climate targets
remains uncertain. Mitigation action in other sectors should
therefore not be delayed.

As for engineering options, the chapter provides an
assessment of emerging options, such as direct air capture
combined with carbon storage, accelerated weathering of
materials, ocean alkalinity enhancement and conversion of
CO2 into long-lived products. Most of these options are at
early piloting stage, so it is hard to judge the technical and
economic potential in the short term, and the chance of
these technologies making a real contribution to closing the
2030 gap seems unrealistic. Beyond 2030, these technologies
may show additional important reduction potential. When
global emissions need to move towards net zero by around
2050, CO2 removal may offer some welcome flexibility and,
as with other technologies, cost and performance will likely
improve with increased deployment.
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Chapter 1

Scoping the Emissions
Gap Report 2017
Lead authors: Anne Olhoff and John Christensen, UNEP DTU Partnership

1.1 Moving towards implementation of
the Paris Agreement: 2018 as a critical
juncture
The adoption of the Paris Agreement at the 2015 Conference
of the Parties to the United Nations Framework Convention
on Climate Change (UNFCCC) marks a milestone in
international efforts to establish a universal foundation
for ambitious climate change action. The Agreement
builds on national plans and contributions submitted by
almost all Parties to the Convention during 2015: the
Intended Nationally Determined Contributions (INDCs).
The Agreement entered into force on November 4, 2016,
following a very rapid ratification process. As of 15 October
2017, 168 of the 197 Parties to the Convention have ratified
the Agreement, thereby turning their Intended Nationally
Determined Contributions into Nationally Determined
Contributions (NDCs). This report consequently refers to
NDCs, unless specifically mentioning a country that has not
yet ratified the Agreement.
The Paris Agreement’s long-term goal of “holding the
increase in the global average temperature to well below 2°C
above pre-industrial levels and to pursue efforts to limit the
temperature increase to 1.5°C above pre-industrial levels”
(UNFCCC, 2015:22) accentuates the urgency of enhanced
and immediate mitigation action. In 2015 and 2016, the UN
Environment Emissions Gap Reports undertook thorough
assessments of the aggregate effects of the NDCs on global
greenhouse gas emissions in 2025 and 2030 – the years
referred to in the NDCs (UNEP, 2015; 2016). The overall
conclusion of these assessments was that although NDCs
represent an increase in ambition compared with global
greenhouse gas emission levels resulting from a projection
of the impacts from the current policies, these contributions
are far from the level of ambition required for an emissions
pathway consistent with staying below a 2°C, let alone a
1.5°C, temperature increase. Currently, the NDCs cover only
around one third of the emission reductions needed by 2030.

Recognizing this significant gap and the urgent need to
bridge it, Article 4 of the Paris Agreement specifies that
“Each Party shall communicate a nationally determined
contribution every five years” and furthermore that “Each
Party’s successive nationally determined contribution will
represent a progression beyond the Party’s then current
nationally determined contribution and reflect its highest
possible ambition” (UNFCCC, 2015a:22). The successive
NDCs are to be informed by the global stocktakes, which
are specified in Article 14 of the Paris Agreement (UNFCCC,
2015). These stocktakes will take place every five years,
starting from 2023, to assess the collective progress towards
achieving the objective of the Agreement and its long-term
goal.
However, as an important precursor to the global stocktakes,
a Facilitative Dialogue will take place during 2018. In line
with the subsequent global stocktakes, the purpose of the
Facilitative Dialogue is “to take stock of the collective efforts
of Parties in relation to progress towards the long-term goal
and to inform the preparation of nationally determined
contributions” (UNFCCC 2015:4).
During 2017, there have been extensive consultations with
Parties on the organization of the Facilitative Dialogue, with
a view to reporting their findings to the 23rd Conference of
the Parties (COP23) taking place in November 2017. Initial
feedback indicates that the dialogue is likely to consist of
a preparatory and political phase, with the preparatory
phase starting officially at the intersessionals in Bonn in
May 2018 and continuing until the 24th Conference of the
Parties (COP24) in December 2018. The preparatory phase
will include absorbing the information from the 2018 special
report on the impacts of global warming of 1.5°C above preindustrial levels and related global greenhouse gas emission
pathways that the Intergovernmental Panel on Climate
Change (IPCC) was invited to produce in the decision to
adopt the Paris Agreement (UNFCCC, 2015). The political
phase, which is expected to take place at the 24th Conference
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of the Parties, will focus in particular on how to strengthen
the next NDCs (UNFCCC, 2017).
The year 2018 and the Facilitative Dialogue will be a critical
juncture for countries to identify and pursue opportunities to
strengthen their mitigation action and raise the ambition of
their NDCs by 2020. Indeed, the outcome of the Facilitative
Dialogue and the 2020 submission of new or updated NDCs
are likely to determine whether it will be feasible to bridge
the emissions gap by 2030.
Time lags between implementing policies and actions and
the resulting mitigation benefits imply that by delaying the
strengthening of NDCs until after the global stocktake in
2023, the opportunity to bridge the emissions gap by 2030
will be lost.

1.2 The Emissions Gap Reports and new
aspects included in 2017
The 2017 Emissions Gap Report is the eighth assessment
undertaken by UN Environment to provide countries with
an independent scientific assessment of how actions and
pledges by countries affect the global greenhouse gas
emissions trend, and how this compares to emissions
trajectories consistent with the long-term goal of the Paris
Agreement. The difference has become known as the
‘emissions gap’. The reports additionally provide information
on options to achieve the emissions reductions necessary
to bridge the gap. Based on requests by countries, UN
Environment has prepared this eighth Emissions Gap Report
to inform the political process, as we move towards full
implementation of the Paris Agreement.
In line with previous years, the report provides an update
on the progress of G20 members in achieving their Cancun
Pledges for 2020 and an overview of global emission trends
(Chapter 2). This is followed by an update of the estimated
gap between countries’ mitigation actions and NDCs for
2030 and the emission levels consistent with pathways that
are aligned with the long-term temperature goal of the Paris
Agreement (Chapter 3). New for 2017 are brief assessments
of the potential implications on the gap of the Kigali
Amendment to the Montreal Protocol, and the new global

2

market-based Carbon Offsetting and Reduction Scheme for
International Aviation (CORSIA) under the auspices of the
International Civil Aviation Organization (ICAO).
In addition, and to inspire the process of strengthening the
NDCs, this 2017 Emissions Gap Report assesses a number of
the issues that will be central to bridging the 2030 emissions
gap. Firstly, the report provides a systematic review of
the sectoral mitigation potential by 2030. The results are
positive and unambiguous: technologies and institutional
innovations are available to bridge the emissions gap by
2030 at reasonable cost (Chapter 4). Secondly, the report
includes a detailed assessment of global developments in
the coal sector that also examines the options and barriers
for a gradual coal phase-out (Chapter 5). Thirdly, the report
looks into the opportunities offered by limiting emissions
of short-lived climate pollutants (SLCPs). Reducing these
pollutants will limit the rate of short-term warming and,
when sustained and combined with CO2 reductions, will help
limit long-term warming, which is the ultimate aim of closing
the emissions gap (Chapter 6). Finally, options for land-based
and technological carbon dioxide removal that will become
increasingly critical over this century to stay within the Paris
goals are assessed (Chapter 7).
As in previous years, the 2017 report is based on an
assessment approach and has been prepared by a wide range
of scientists from around the world. This year, 63 scientists
from 49 institutions in 23 countries have contributed to the
report.
The assessment builds on all available information, including
that reviewed by the IPCC in its fifth assessment report,
as well as more recent scientific studies. The assessment
production process has been transparent and participatory,
involving two rounds of external reviews and overseen by a
steering committee. The governments of the countries with
specific mention in the report have been invited to comment
on the specific assessment findings during the production
process.

The Emissions Gap Report 2017 – Scoping the Emissions Gap Report 2017

Chapter 2

Pre-2020 action: trends and progress
Lead authors: Michel den Elzen (PBL Netherlands Environmental Assessment Agency), Taryn Fransen (World Resources Institute), Takeshi
Kuramochi (NewClimate Institute)
Contributing authors: Jasmin Cantzler (Climate Analytics), Hanna Fekete (NewClimate Institute), Jos Olivier (PBL Netherlands Environmental
Assessment Agency), Paola Yanguas Parra (Climate Analytics)

2.1 Introduction

2.2. Trends in current global emissions

This chapter provides an update, based on the latest
available scientific literature, on trends in global emissions
and progress towards the G20 members meeting their
Cancun Pledges. These trends give key indications of pre2020 mitigation progress and action.

Total global greenhouse gas emissions continue to increase,
although the rate of growth has decreased over the past
few years. Total global greenhouse gas emissions, including
emissions from land use, land-use change and forestry
(LULUCF), were estimated at about 51.9 GtCO2e/year in
2016 (Olivier et al., 2017)1. Often, greenhouse gas emissions
from LULUCF are accounted for separately, because they
show large inter-annual variation and are very uncertain
(see Grassi et al., 2017). Considering total global greenhouse
gas emissions excluding LULUCF (thus also excluding forest
fires), reveals a slowdown in growth in the past three years.
They reached 47.8 billion tonnes of CO2-equivalent in 2016
following increases of 0.9 percent in 2014, 0.2 percent in
2015, and 0.5 percent in 2016 (Olivier et al., 2017)2. Taking
into consideration that 2016 was a leap year, and thus 0.3
percent longer than other years, the growth in total global
emissions in 2015 and 2016 is the slowest since the early
1990s, except for years of global economic recession.

In light of the Paris Agreement, enhanced pre-2020
mitigation action is more urgent than ever: studies indicate
that holding the increase in global average temperature well
below 2°C above pre-industrial levels, and pursuing efforts to
limit the temperature increase to 1.5°C above pre-industrial
levels, requires that global greenhouse gas emissions peak
before 2020. Moreover, enhancing pre-2020 action would
facilitate the implementation and strengthening of the
Nationally Determined Contributions (NDCs), as well as the
transition to the stringent long-term emissions reductions
that are required to reach the temperature target of the
Paris Agreement.
To assess whether emissions show signs of peaking, section 2.2
provides an overview of current trends in total global
emissions of greenhouse gases, and of energy- and industryrelated carbon dioxide (CO2) emissions as a major driver of
total global greenhouse gas emissions. This is followed by an
update on the extent to which G20 members are on track
to meet their Cancun Pledges (section 2.3). This update
is based on an assessment of current policy portfolios of
the G20 members and plausible assumptions regarding
macroeconomic trends and offsets. The chapter ends by
reiterating the urgency of immediately enhancing mitigation
action to facilitate the transition towards least-cost emission
reduction trajectories after 2020 that are aligned with the
2°C and 1.5°C temperature goals.

1

2

The greenhouse gas emissions estimates in EDGAR 4.3.2 (Olivier et al., 2017)
for recent years have decreased compared to the earlier greenhouse gas
emission estimates presented in UNEP (2016; 2015). Apart from revisions
due to revised statistics (for example, for China), also the use of more detailed
emission factors (for example, for cement clinker) and sometimes a change in
data source for other sources than fuel combustion (for example, gas flaring
and LULUCF emissions including biomass burning emissions), led to a lower
level of CO2 emissions. Likewise, replacing so-called Fast Track estimates for
CH4 and N2O emissions by more detailed and recent statistics and improved
information on emission factors and abatement (for example, CH4 in fossil
fuel production) led to lower calculated emissions. Combined, this leads to
total greenhouse gas emissions that are about 1 GtCO2e lower for recent
years than presented in recent Emissions Gap Reports.
The data presented here have been calculated using the new EDGAR 4.3.2
dataset (Olivier et al., 2017), which provides emissions per source and
country for the period 1970–2012 (Janssens-Maenhout et al., 2017). This was
extended for CO2 using international statistics through 2016, and for other
greenhouse gases using statistics through 2014 (FAO), 2017, 2016 (IEA 2017,
BP 2017), and other data sources such as CDM projects through 2016 (for
example, reductions of CH4, N2O and HFC-23).
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Figure 2.1.a: Global greenhouse gas emissions for top six emitting
countries and regions (excluding land use, land-use change and
forestry), international transport emissions, and land use, landuse change and forestry emissions.

Figure 2.1.b: Global carbon dioxide emissions per region from
fossil fuel use, cement production and other processes, and from
international transport.
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Figure 2.1 shows the trends in total global emissions for
the period 1970–2016. Trends in global greenhouse gas
emissions are illustrated in Figure 2.1a, while Figure 2.1b
shows the development in global carbon dioxide (CO2)
emissions from fossil fuel combustion, cement production
and other processes. It should be noted that the time series
data for total global greenhouse gas and CO2 emissions used
for the Emissions Gap Reports have been updated since
the 2016 report. This affects the numbers presented in the
2016 report, where the updated estimate for total global
greenhouse gas emissions in 2014 is 51.7 GtCO2e, and the
estimate for global total CO2 emissions in 2015 is 35.6 GtCO2.
Carbon dioxide emissions from fossil fuel combustion,
cement production and other processes3 are the major
source of total global greenhouse gas emissions. Currently
they account for about 70 percent of total global greenhouse
gas emissions and were estimated at a total of 35.8 GtCO2
for 2016 (Olivier et al., 2017)4. Given their share of total
greenhouse gas emissions, it is relevant to look more closely
at their trend. As Figure 2.1b indicates, global CO2 emissions
from fossil fuel use and cement production remained stable
for the second year in a row in 2016, against a backdrop of
3
4

4

Including flaring of waste gas during gas and oil production, feedstock and
other non-energy uses of fuels, and several other small sources.
This is slightly lower than the 2015 emissions estimate of 36.2 GtCO2,
as presented last year, due to regular annual statistical revisions of fuel
consumption in International Energy Agency and British Petroleum statistics
as well as revisions and some full updates, including emission factors, for
several other sources (gas flaring, cement production, solvent use, ammonia
production, urea and lime application) (Olivier et al., 2017).

relatively stable economic growth. Reduced growth in coal
use since 2011, primarily in China and secondarily in the
United States, plays a key role in the recent slowdown in
growth in global CO2 emissions (Olivier et al., 2017; Peters
et al., 2017). Growing renewable power generation has
also contributed, but has had a less significant impact than
economic factors and energy efficiency (Peters et al., 2017).
These findings are in line with other studies on trends in
global energy-related CO2 emissions until 2016 (BP, 2017;
IEA, 2017; Jackson et al., 2016).
A number of studies provide detailed analysis of key drivers
for the development in CO2 emissions from fossil fuel use and
cement production at the country level (Olivier et al., 2017;
Peters et al., 2017). In China, CO2 emissions have decreased
since 2015, following a slowdown in annual growth of
China’s CO2 emissions since 2012. The decrease since 2015
is mainly caused by reduced coal use, but is also due to
structural changes in the country’s economy and energy mix.
The European Union has consistently reduced CO2 emissions
since 1979, mainly driven by continual improvements in
energy intensity and carbon intensity combined with lower
economic growth since the global financial crisis. In the
United States of America, energy-related CO2 emissions
have decreased over the last 10 years. This decrease has
mainly occurred in the power sector, due to a shift from
coal to natural gas use in electricity generation, but also
from increased use of renewables and a somewhat slower
economic growth. In contrast, India’s emissions have grown
steadily over the past decade.
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Box 2.1: Greenhouse gas emissions development: how have G20 members performed
collectively?
G20 members have made more efficient use of energy resources: total greenhouse gas emissions from G20 countries
grew by 34 percent between 1990 and 2014, while GDP grew by nearly 117 percent during the same period. Per capita
energy-related CO2 emissions seem to have peaked and there are signs of an absolute decoupling of economic growth
and greenhouse gas emissions.
Current levels of effort are, however, not enough. Climate Transparency (2017) concludes that current efforts are
sufficient neither in speed nor in depth to keep global warming to the limit set in the Paris Agreement. One area that
requires major effort is the power sector, given that the carbon intensity of electricity has not improved for the last 25
years, because the electricity mix has continued to be dominated by coal and other fossil fuels.
Figure 2.2 Key indicators on the G20 transition to a low-carbon economy: trends between 1990 and 2014.
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Focusing on emissions and energy and carbon intensities
of the G20 members, box 2.1 describes the trends of key
indicators on the transition to a low-carbon economy
observed between 1990 and 2014 for G20 members (Climate
Transparency, 2017).
In summary, global greenhouse gas emissions continue to
grow, although the slowdown in growth of global greenhouse
gas emissions and the apparent stabilization of global levels
of CO2 emissions from fossil fuels and industry over the past
two to three years is very encouraging. However, it is still too
early to say whether it is likely to be permanent, and both
the speed and depth of mitigation efforts require significant
scaling up to enable a transition towards mitigation pathways
consistent with the long-term temperature goal of the Paris
Agreement.

Cancun Pledges, focusing on the G20 members5. Thirteen
of the members have pledges for 2020 (counting the EU
members France, Germany, Italy and UK as one member)
and three do not have pledges. These economies collectively
generate around three quarters of total global greenhouse gas
emissions6. Although it is critical that all countries advance as
far as possible towards achieving their Cancun Pledges, the
role of the highest-emitting economies is particularly critical
to achieving the Paris Agreement mitigation goals.

5

2.3. Progress towards achieving the Cancun
Pledges: G20 members
In line with last year’s Emissions Gap Report, this section
provides an update on the progress towards achieving the

6

The members of the G20 are Argentina, Australia, Brazil, Canada, China,
France, Germany, India, Indonesia, Italy, Japan, Mexico, Republic of Korea,
Russia, Saudi Arabia, South Africa, Turkey, the UK, the USA, and the EU. In
our analysis, the EU including all its Member States (regardless of G20 status)
is considered as a single Party, and EU Member States are not considered
individually. In general, evaluating the pledges of other countries is limited
by a lack of data. Aggregate measures for the G20 do not double count EU
members that are also G20 members as individual countries.
In 2012, these parties accounted for 77 percent of global emissions excluding
LULUCF and 75 percent of global greenhouse gas emissions including LULUCF
(WRI CAIT, 2017).
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Box 2.1: Assumptions of the assessment of progress towards the Cancun Pledges
For each G20 member, estimates of 2020 emissions are compared under three cases:
1. Pledge case (official data): Identifies the maximum level of greenhouse gas emissions that each member could emit
in 2020 and still meet its pledge – without considering the use of offsets. Where available, the 2020 emission level
described by the member as the pledge level is used; alternatively, these levels are calculated working from official
base-year or baseline data. The sources of official country data are provided in Table 2.1.
2. Current policy trajectory case (official data): Identifies most recent, publicly available official estimates of 2020
emissions, considering projected economic trends and current policy approaches. The sources of official country
data are provided in Table 2.1.
3. Current policy trajectory case (independent analysis): Identifies estimates of 2020 emissions, considering the best
current estimates of projected economic trends and current policy approaches, including policies at least through
2015, based on independent analysis rather than official data. Estimates are drawn from the Climate Action Tracker
(CAT) (2017g) and PBL (den Elzen et al., 2016a; Kuramochi et al., 2016b; PBL, 2017) for all countries, as well as
other, country-specific sources where noted. The independent analysis of current policy trajectories supplements
the official sources described in point two by providing data that targets consistency across countries and political
independence.
Source: Adapted from UNEP (2015)
To assess the progress of G20 members towards their Cancun
Pledges, this section compares current emissions trajectories
with the trajectories associated with the achievement of the
pledges of these members. In line with previous Emissions
Gap Reports, three cases are considered: a pledge case,

based on official data; a current policy trajectory case,
based on official data; and a current policy trajectory case,
based on independent analysis. These three cases are briefly
described in box 2.1.

Table 2.1: Studies used to estimate the emissions in 2020 under the pledge case and current policy trajectory case for G20 members
Country

2020 pledge case

Current policy trajectory

Official data

Official data

Independent estimates

Argentina

No pledgea

Ministry of the Environment and
Sustainable Development, Argentina
(2015)

CAT

Australia

Government of Australia (2016)

Government of Australia (2016)

CAT, PBL, RepuTex (2016)

Brazil

Government of Brazil (2010)

N/A

CAT, PBL

Canada

Government of Canada (2016)

Government of Canada (2016)

CAT, PBL

China

N/Ab

N/A

CAT, PBL, Sha et al. (2017)

EEA (2016b)

EU28

EEA (2014)

India

Planning Commission Government of
India (2011, 2014)

Indonesia

BAPPENAS (2015)

N/A

CAT, PBL

Japan

Government of Japan (2016)

N/A

CAT, PBL

Mexico

NCCS (2013)

(Government of Mexico, 2012b; NCCS,
2013)

CAT, PBL

Russia

Government of Russia (2014)

Government of Russia (2015)

CAT, PBL

Saudi Arabia

No pledge

N/A

CAT

South Africa

Department of Environmental
Affairs, Republic of South Africa (2011a,
2011b)

N/A

CAT, PBL

Republic of
Korea

Republic of Korea (2016)

N/A

CAT, PBL

Turkey

No pledgea

Republic of Turkey, Ministry of
Environment and Urbanization (2016)

CAT, PBL

USA

US Department of State (2016)

US Department of State (2016)

CAT, PBL

a

CAT, PBL
CAT, PBL, Mitra et al. (2017)

Note:
a
Argentina, Saudi Arabia and Turkey have not proposed greenhouse gas reduction pledges, and here we assume current policies.
b
China has no official estimate for the 2020 pledge, and here we assume the 2020 emissions estimate for China’s 2020 pledge based on the average outcome of four
global studies (PBL, Climate Action Tracker, LSE and University of Melbourne (see Chapter 3).
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Pledge Range

Figure 2.3: Greenhouse gas emissions of G20 members and the group of non-G20 countries (also includes the international bunker
emissions) for the 2020 pledges and current policies scenario.
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Source: Table 2.1.

Collectively, G20 countries are on track to achieving the midrange of the Cancun Pledges, but several countries will need
to accelerate action to meet their Cancun Pledge by 2020
(see Figure 2.4). Seven G20 members (Australia, Brazil, China,
the EU, India, Japan, and Russia) are on track to meet their
Cancun Pledges according to most or all available analyses.
Five members (Canada, Mexico, the Republic of Korea, South
Africa and the United States) are likely to require further
action or to have to purchase offsets — or a combination
of the two — to meet their pledges. (The Republic of Korea
has not rescinded its pledge communicated to the UNFCCC,

but has amended the Green Growth Basic Act to replace the
2020 pledge with the NDC target for 2030.) Better data are
necessary to adequately track progress in some countries,
including Indonesia, where there is currently insufficient
information to assess whether the country is on track to meet
its pledges. The three remaining G20 members (Argentina,
Saudi Arabia and Turkey) have no Cancun Pledges. Further
details are provided in Box 2.2, which highlights the three
important caveats that should be kept in mind when
assessing country progress towards the Cancun Pledges.

Box 2.2: Assessing progress towards achieving the Cancun pledges: three caveats
1. Pledges do not necessarily demand the same level of effort to achieve. In other words, a country currently on track
to achieve its pledge has not necessarily made a greater effort to mitigate emissions than a country not yet on track.
2. Projections are subject to uncertainty associated with macroeconomic trends, such as changes in gross domestic
product (GDP) and population trends, as well as the impact of each country’s climate policy action.
3. The potential impact of using offsets to achieve pledges is not quantified for the emission trajectories considered.
If offsets are traded internationally, and are stemming from actions that are not really additional or if offsets are
counted twice (towards the pledges of both buying and selling parties), the global impact of the pledges will be
weakened. Most countries have not clarified their intentions concerning their use of offsets to meet their 2020
pledges. Australia, Brazil, Canada, the European Union, and the United States have explicitly not excluded the
possibility; other members have not formally commented (WRI, 2015).
Source: UNEP (2015)
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G20 members that are on track to meet their Cancun
Pledges
According to all available analyses, four G20 members —
China, the EU, India, and Japan — are on track to meet
their pledges with currently implemented policies without
purchasing offsets. Australia is on track based on the carbon
budget approach. Two more countries – Brazil and Russia –
are also on track according to most estimates.
China, which pledged a reduction of 40–45 percent in CO2
emissions intensity, is projected by several studies to be
on track to achieve a reduction of at least 42 percent (IEA,
2015; Sha et al., 2015; den Elzen et al., 2016b; Climate
Action Tracker, 2017c; Sha et al 2017). China also pledges
to increase the share of non-fossil fuels in primary energy
consumption to around 15 percent by 2020 and to increase
forest coverage and forest stock volume. The Climate Action
Tracker update of May 2017 (Climate Action Tracker, 2017c)
has made a downward revision of economy-wide greenhouse
gas emissions (excluding LULUCF) under current policies for
China. Projections are now 11.9-12.2 GtCO2e/year instead
of the 12.2-12.5 GtCO2e/year projected in the 2016 update.
This compares to the pledged emission level of 13.2-13.5
GtCO2e/year excluding LULUCF, taking into account both CO2
intensity and non-fossil fuel targets (Climate Action Tracker,
2017c). Some analysts have argued that structural shifts in
the economy in recent years make much steeper reductions
in the CO2 intensity of GDP likely; Green and Stern (2017)
include an illustrative pathway where CO2 intensity is halved
from 2005 to 2020.
Regarding the EU pledge to reduce its greenhouse gas
emissions by 20 percent from 1990 levels, official data for
2014 shows that this pledge has already been met and, in
fact, exceeded (EEA, 2016a).
India pledged to reduce its emissions intensity of GDP,
excluding the agriculture sector, by 20–25 percent below
2005 levels by 2020. Independent studies project that India
will meet its pledge by a narrow margin through the policies
that are currently implemented (Climate Action Tracker,
2017d; Mitra et al., 2017; PBL, 2017). The Climate Action
Tracker update of May 2017 has made a small downward
revision of current policies projections for India for economywide greenhouse gas emissions (excluding LULUCF) from 3.6
to 3.5 GtCO2e/year in 2020. Meanwhile Mitra et al. (2017)
project 2.9 GtCO2e/year, considering the impacts of five key
policies and excluding the agriculture and land-use sectors.
Japan pledges to reduce its greenhouse gas emissions by
3.8 percent from 2005 levels by 2020. This pledge assumes
the same electricity mix as 2012, which was fossil fueldominant following the Fukushima nuclear accident. Recent
studies (Climate Action Tracker, 2017e; Kuramochi et al.,
2016b) project that Japan will overachieve its 2020 pledge
due to lower-than-expected end-use energy demand and
considerable increase of renewable electricity generation
following the introduction of a feed-in-tariff scheme in 2012.
Official projections reflecting current policies are unavailable.
In accordance with the Kyoto Protocol accounting rules,
Australia uses a carbon budget approach that accounts for
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cumulative emissions over the 2013–2020 period in order to
assess progress towards its pledge. Australia’s latest official
projections find that for the budget period (2013–2020),
Australia is now on track to overachieve its 2020 pledge by
97 MtCO2e (cumulative), excluding a 128 MtCO2e carry-over
from its first commitment period under the Kyoto Protocol
(Government of Australia, 2016). Independent studies
consider the year 2020 in isolation, and find a difference
of about 63 MtCO2e between Australia’s projected 2020
emissions and its pledge level for that year (Kuramochi et al.,
2016b; PBL, 2017; Reputex, 2016), which is higher than the
37 MtCO2e difference of Australia’s latest official projections
(Government of Australia, 2016). The former do not factor in
the most recent official projections.
Brazil pledged to reduce its emissions including LULUCF by
between 36.1 percent and 38.9 percent by 2020, compared
to a business as usual (BAU) scenario. Independent analysis
estimates emission projections under current policies at
well below the 2020 Cancun Pledge (Climate Action Tracker,
2017b; Kuramochi et al., 2016b; PBL, 2017).
Russia pledged a 25 percent reduction from 1990 levels,
excluding LULUCF. According to official data, Russian
emissions are projected at about 2.4 GtCO2e/year for 2020
(Government of Russia, 2014), which is below the pledge
level of 2.5 GtCO2e/year (Government of Russia, 2015).
Independent estimates show a similar emission projection.
G20 members that are likely to require further action or
purchased offsets
Five countries — Canada, Mexico, the Republic of Korea,
South Africa and the United States — are likely to require
further action and/or to have to purchase offsets in order
to meet their pledges, according to government and
independent estimates.
Canada’s Cancun Pledge aims to reduce emissions by
17 percent below 2005 levels by 2020. However, according
to official projections, Canada’s emissions are expected to
reach 731 MtCO2e/year in 2020 (Environment and Climate
Change Canada, 2017), well above the pledged level of
620 MtCO2e/year (Government of Canada, 2016).
Independent analysis also suggests that Canada is set to miss
its 2020 pledge by a wide margin (Climate Action Tracker,
2017g; PBL, 2017).
Mexico’s Cancun Pledge to reduce its greenhouse gas
emissions by 30 percent below BAU levels including LULUCF
is conditional on the provision of adequate financial and
technological support from developed countries as part of a
global agreement (UNFCCC, 2011). Under its current policies,
Mexico is not on track to meet its pledge. This conclusion is
based on official estimates by the Government of Mexico
(2012a), adjusted per the National Climate Change Strategy
(NCCS, 2013), and independent estimates (Climate Action
Tracker, 2017g; PBL, 2017).
Independent estimates of the Republic of Korea’s 2020
emissions are well above the level implied by its pledge.
Although the country has not rescinded its pledge
communicated to the UNFCCC, it amended the Green
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Growth Basic Act to replace the 2020 pledge with the NDC
target for 2030 (The Law National Information Center, 2016).
South Africa’s Cancun Pledge includes a reduction in
greenhouse gas emissions, including LULUCF, of 34 percent
below BAU by 2020. Independent studies translate this
pledge to a range of 400–600 MtCO2e/year in 2020
(Climate Action Tracker, 2017f; Kuramochi et al., 2016b). An
independent current policy scenario projection that covers
LULUCF (Kuramochi et al., 2016b) indicates that South Africa
is slightly short of reaching the upper end of this range.
The United States submitted a pledge to reduce greenhouse
gas emissions levels to 17 percent below 2005 levels by
2020. The most recent official projections, produced before
the current Administration took office, indicated that the
United States was on track to achieve its 2020 pledge,
assuming full implementation of planned measures as of
mid-2015 (US Department of State, 2016). However, more
recent independent analysis that takes a range of possible
policy changes into account raises questions as to whether
the United States will meet its 2020 pledge (Climate Action
Tracker, 2017a; Climate Advisers, 2017; Climate Interactive,
2017; Hafstead, 2017; Rhodium Group, 2017).
Other G20 members
Insufficient information is currently available to determine
whether Indonesia is on track to meet its pledge. Indonesia’s
Cancun Pledge includes an unconditional 26 percent below
BAU and a conditional 41 percent reduction below BAU
by 2020, both including LULUCF. There is considerable
uncertainty regarding the pledge emission level; the
unconditional pledge is translated as 2.2 GtCO2e/year
when using the BAU projection from the First Biennial
Update Report, and 1.3 GtCO2e/year when using the BAU
projection consistent with the one reported in Indonesia’s
NDC (BAPPENAS, 2015). Recent assessments (Kuramochi et
al., 2016b; WRI, 2016) project greenhouse gas emissions,
including LULUCF, ranging between 1.65 and 1.81
GtCO2e/year in 2020.

Three G20 member states — Argentina, Saudi Arabia and
Turkey — have not proposed greenhouse gas reduction
pledges for 2020. However, all three countries have submitted
post-2020 pledges to the UNFCCC as part of their Nationally
Determined Contributions. In addition, Turkey has submitted
a Biennial Report which includes its projected emissions
for 2020 (Republic of Turkey, Ministry of Environment and
Urbanization, 2016). In all four countries, the emissions
are projected to increase towards 2020 and beyond under
current policies (Kuramochi et al., 2016b).

2.4. Amplified urgency of enhanced pre-2020
action
As the previous sections have demonstrated, mitigation
action shows several encouraging signs. However, the
progress of G20 countries towards decarbonization has been
slow, as illustrated in Box 2.1. The projected emissions under
current policies for 2020 are still far from what is required to
improve the starting point for reaching the emission levels
in 2030 consistent with pathways aligned with the long-term
temperature goal of the Paris Agreement (see Chapter 3).
The 2020 emissions under current policies are estimated
to be in the mid-range of the Cancun Pledge scenario (see
section 2.3), and any further delay in strengthened shortterm action will decrease the chance of keeping global
warming well below 2°C and will make the 1.5°C target
increasingly unattainable.
The UNFCCC and its Parties need to seriously consider
the growing number of science-based policy targets and
roadmaps that have recently been proposed to strengthen
short-term action to meet the Paris Agreement’s longterm goals (Figueres et al., 2017; Kuramochi et al., 2016a;
Rockström et al., 2017). Box 2.3 presents an action proposal
by Figueres et al. (2017), which focuses on pre-2020 ambition.
As Figueres et al. suggest, concerted global effort is required
to scale up existing solutions rapidly and to encourage
optimism.
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Box 2.3: Mission 2020’s six-point plan
In collaboration with knowledge leaders and several think tanks, the Mission 2020 initiative convened by Christiana
Figueres, the former Executive Secretary of the UNFCCC, developed a six-point plan to enhance pre-2020 action to
achieve the Paris Agreement’s long-term goals (Figueres et al., 2017):
1. Energy
• renewable electricity: increase renewable energy from 23.7 percent of the world’s electricity supply in 2015 to at
least 30 percent in 2020;
• coal-fired power plants: do not approve any new plants beyond 2020 and retire all existing ones;
2. Infrastructure
• fully decarbonize buildings and infrastructure by 2050 with US$300 billion in annual funding. Cities are already
upgrading their building stock to zero- or near-zero emission structures at a rate of 3 percent per year;
3. Transport
• electric vehicles: at least 15 percent share in new car sales globally, up from the current less than 1 percent share;
• doubling of mass-transit use in cities;
• heavy duty vehicles: 20 percent increase in fuel efficiency;
• aviation: 20 percent reduction in greenhouse gas emissions per kilometre travelled;
4. Land use
• deforestation and land use change: net zero emissions within the 2020s;
• enhanced afforestation and reforestation;
5. Industry
• heavy industry: strengthen action in line with halving emissions well before 2050;
6. Finance
• mobilize US$1 trillion per year for climate action, mostly from the private sector through, for example, a tenfold
increase in green bonds compared with their current level (US$81 billion in 2016).
Figueres et al. also proposes three necessary steps to enable the achievement of the aforementioned sector-specific
goals: (1) use science to guide decisions and set targets, (2) scale up existing solutions rapidly, and (3) encourage
optimism.
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Chapter 3

The emissions gap and its implications
Lead authors: Michel den Elzen (PBL Netherlands Environmental Assessment Agency), Niklas Höhne (NewClimate Institute), Kejun Jiang
(Energy Research Institute, China)
Contributing authors: Jasmin Cantzler (Climate Analytics), Philip Drost (UN Environment), Taryn Fransen (World Resources Institute),
Hanna Fekete (NewClimate Institute), Takeshi Kuramochi (NewClimate Institute), David Lee (Manchester Metropolitan University), Kelly
Levin (World Resources Institute), Joeri Rogelj (International Institute for Applied Systems Analysis), Fu Sha (National Center for Climate
Strategy and International Cooperation), Michiel Schaeffer (Climate Analytics) and Zoi Vrontisi (E3M-Lab).

3.1 Introduction
The Paris Agreement aims to limit global average temperature
increase to well below 2°C relative to pre-industrial levels
and to pursue efforts to further limit it to 1.5°C. In 2015,
almost all countries submitted national climate action
plans and commitments for 2025 or 2030: their Intended
Nationally Determined Contributions (INDCs). These form
the foundation of the Paris Agreement, which entered into
force on 4 November 2016. For the 168 countries that have
to date (24 October 2017) ratified this Agreement, the INDCs
have become Nationally Determined Contributions (NDCs).
This chapter provides an update on the mitigation challenge
associated with the global temperature goal of the Paris
Agreement, and the estimated global emission levels under
various assumptions regarding the implementation of
current policies and NDCs or INDCs (hereafter referred to as
NDCs, unless specifically mentioned in relation to a country
that has not ratified the Paris Agreement) (section 3.2 and
3.3). It also assesses the additional impact of the Kigali
Amendment and the International Civil Aviation Organization
(ICAO) Agreement (section 3.3), before further exploring the
projected impact up to 2030 of the current policies and NDCs
on emissions for each G20 member and considering how the
ambition of NDCs can be compared across countries (section
3.4). Finally, the chapter provides an update on recent
estimates of emission reduction potentials by subnational
and non-state actor action (section 3.5).

3.2 Scenarios considered in the emissions gap
assessment
3.2.1 Overview of scenarios

of the emissions gap draws on six scenarios (Rogelj et al.,
2016). These comprise:
• Two reference scenarios:
- No-policy baseline scenario, which projects global
greenhouse gas emissions based on the assumption
that no new climate policies are put into place from
2005 onwards.
- Current policy scenario, which provides best estimates
of future global emissions taking all currently adopted
and implemented policies1 into account, but assuming
that no additional mitigation action is taken beyond
these policies.
• Two NDC scenarios2:
- Unconditional NDC scenario, where Parties with NDCs
are assumed to implement only the portions of their
targets that are without conditions, while Parties that
solely have a conditional target are assumed to follow
a current policy scenario.
- Conditional NDC scenario, where all Parties with NDCs
in addition to their unconditional targets are assumed
to implement their conditional targets, and Parties
that only have an unconditional target are assumed to
implement that target.
• Two scenarios that limit global warming to below 2°C
and 1.5°C, respectively:
- 2°C scenario, which is based on global emission
scenarios that assume limited action until 2020 and
least-cost emission reduction pathways from 2020,
and are consistent with a greater than 66 percent

1
2

In line with the 2016 Emissions Gap Report, the assessment

These are defined as legislative decisions, executive orders, or their
equivalent.
In both the unconditional and conditional NDC cases, it is assumed that for
any traded international offsets, each unit is counted towards the NDC of a
single country only – either the buyer or the seller – to avoid issues of double
counting.
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chance of limiting global warming in 2100 to below 2°C
above pre-industrial levels.
- 1.5°C scenario, which is based on global emission
scenarios that assume limited action until 2020 and
least-cost emission reduction pathways from 2020,
and are consistent with a 50-66 percent chance of
limiting global warming in 2100 to below 1.5°C above
pre-industrial levels.
The assessment draws on multiple individual scenarios
from the published literature. Each scenario is global in
scope, reflecting possible actions by all countries (for further
details, see Appendix A, available online). It should be noted
that the two NDC scenarios assume full implementation of
the conditional and unconditional NDCs for all countries,
including the United States of America, as the NDC of the
United States of America has not yet been officially repealed.
Section 3.3 discusses the impact of a possible withdrawal of
the United States of America from the Paris Agreement.
In line with the 2016 Emissions Gap Report (UNEP, 2016)
and as indicated above, the 2017 assessment mainly draws
on 1.5°C scenarios that assume least-cost pathways starting

from 2020 and return global warming to below 1.5°C in
2100 with a lower (50–66 percent) probability than for
the 2°C scenarios (greater than 66 percent probability)
(see box 3.1 for additional information about these
scenarios). New studies are emerging that provide leastcost pathways from 2020 consistent with a greater than
66 percent chance of limiting global warming in 2100 to
below 1.5°C. The preliminary findings of these new studies
and their implications for the 2030 global emission levels
are summarized in section 3.2.3. More studies are under
way and will be fully integrated into the gap assessment
next year, as current estimates may still change during the
review process of the studies. Box 3.1 provides a discussion
of the extent to which the 1.5°C and 2°C least-cost pathways
are informed by the growing damages that increasingly are
being attributed to early impacts of climate change.
Table 3.1 provides an overview of the projected global
emission estimates under the six scenarios considered for
the assessment in this report, showing the median global
emission levels for 2025 and 2030 — the years countries use
in their NDCs.

Box 3.1 How are recent extreme events reflected in the 1.5°C and 2°C pathways used in the
Emissions Gap Report?
With drought in Africa, floods in South Asia and repeated hurricanes in the Caribbean, 2017 will probably prove to have
been a record year for the human, social and economic cost of extreme weather events. Although it would be a mistake
to attribute all extreme weather events to the impact of climate change, there is growing evidence that climate change
may be contributing to the their increasing frequency and severity.
It would be logical to think that the damage caused by climate change should affect the least-cost pathways that are at
the core of the analysis in this report: the earlier and more severe the damage, the stronger the case for early action to
reduce emissions.
Some models, such as the Dynamic Integrated Climate-Economy (DICE) model, do indeed incorporate damage functions
(Nordhaus, 2017). These are a subset of Integrated Assessment Models that combine physical and economic elements
and are termed ‘cost-benefit Integrated Assessment Models’. These cost-benefit studies monetize the impacts of climate
change and then balance the economic implications of mitigation and climate damages to identify the optimal trajectory
of emissions reductions that will maximize total welfare (see box 6.1 in Clarke et al., 2014). However, since by design
such scenarios do not achieve a specific climate goal, they are less directly useful as a benchmark to assess pathways
towards achieving the long-term temperature goal set in Paris.
For this reason, the Emissions Gap Report makes use of a different class of Integrated Assessment Models, termed ‘costeffectiveness’ models (see Weyant (2017) for a discussion of all types of Integrated Assessment Models). These models
distribute the emission reductions across regions, sectors and gases in such a way that the global discounted reduction
costs are minimized over time, and the climate target is achieved ( Rogelj et al., 2016; Clarke et al., 2014). In practice, the
Emissions Gap Report selects pathways that aim to limit global mean temperature increase to either 1.5°C or 2°C relative
to pre-industrial levels, with varying levels of probability. This means that, unless decision makers decide to make the
global climate target even more ambitious, the benchmark pathways used in the Emissions Gap Report will not change
in response to the impact of extreme weather events.
It does not follow that decision makers can ignore the impact of extreme weather. The events of 2017 reinforce the case
for early and sustained action to reduce emissions.
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Table 3.1: Global total greenhouse gas emissions in 2025 and 2030 under different scenarios (median and 10th to 90th percentile range).
Emissions estimates (GtCO2e/year) (rounded to the nearest gigatonne)
Scenario

Global total emissions in 2025

Global total emissions in 2030

Number of scenarios in set

No-policy baseline

61.0 (56.7–64.3)

64.7 (59.5–69.5)

179

Current policy trajectory

55.4 (53.5–56.8)

58.9 (57.6–60.7)

4

Unconditional NDCs

53.8 (50.6–55.3)

55.2 (51.9–56.2)

10

Conditional NDCsa

52.2 (49.3–54.0)

52.8 (49.5–54.2)

10 (6+4)

2°C pathways (more than 66% chance 2°C,
least-cost from 2020)b

47.7 (46.2–50.2)

41.8 (30.6–43.5)

10

1.5°C pathways
(50- 66% chance 1.5°C, least-cost from
2020)c

44.5 (43.1–45.5)d

36.5 (32–37.7)d,e

6

Note:
Ranges are computed as described in Rogelj et al. (2016). In cases where estimates are based on less than 10 scenarios, the minimum-maximum range is provided. The
row of “Conditional NDCs” is only provided for information, as a direct comparison with the “Unconditional NDCs” ranges is not possible, due to arbitrary model sampling
differences. The emissions range for 1.5°C is smaller than for 2oC, as fewer studies for 1.5°C are available. Source: adjusted from Rogelj et al. (2016).
a
Assuming full implementation of both unconditional and conditional NDCs. Six studies provided an estimate for the conditional NDC case. The median estimate of
influence derived from these six studies is used to adjust the unconditional NDC estimate of the four remaining studies that did not include conditional NDC estimates.
The estimated improvement of moving from the unconditional to the conditional case is in the range of 2.4 (1.2–3.0 GtCO2e/year, full range).
b
As in UNEP (2015): greater than 66 percent probability of limiting global average temperature increase to below 2°C in 2100 (probabilities never drop below 60 percent
during the entire century).
c
As in UNEP (2016): 50 percent to 66 percent probability of limiting global average temperature increase to below 1.5°C in 2100 (allowing median global average
temperature to temporarily exceed the 1.5°C limit before 2100).
d
These numbers have been harmonized to the same 2010 emissions levels as the 2°C pathways.
e
Forthcoming peer-reviewed research indicates that this median value is broadly consistent with results for scenarios that assume a middle-of-the-road future socioeconomic development (cf. SSP2 Fricko et al., 2017). At the same time, recent research suggests that the ranges, however, could be extended further at the lower end
(Rogelj et al., 2017a), that is 32-34 GtCO2e/year.

Box 3.2 The impact of uncertainties
Additional research is necessary, as the uncertainty ranges overlap for many countries and since the number of studies
available for the current policy trajectory case and the NDC cases vary significantly. A recent study (Rogelj et al., 2017a)
explores six dimensions that contribute to uncertainties in the assessment of emissions outcomes of NDCs. These
comprise (i) variations in overall socioeconomic conditions, such as Gross Domestic Product and population growth,
(ii) uncertainties in historical emission inventories, (iii) the conditionality of certain NDCs, (iv) the definition of NDC targets
as ranges instead of single values, (v) the way in which renewable energy targets are expressed, and (vi) the way in which
traditional biomass use is accounted for, as renewable energy or otherwise. They find that depending on assumptions in
these six dimensions, NDC estimates can range from 47 to 63 GtCO2e/year in 2030, which is a wider range than the 50
to 56 GtCO2e/year combined unconditional and conditional NDC scenario range of this report (table 3.1). Uncertainties
in socioeconomic developments are the dominant driver, accounting for more than half of the uncertainty, followed
by uncertainties in the way renewable energy targets are expressed. These uncertainties are not fully accounted for in
the range of this study, as this is based on the central estimates of all studies that individually make implicit or explicit
assumptions on the above-mentioned uncertainties.
Another issue is the accounting of land-use-related mitigation, which has been identified as an important source of
uncertainty (Forsell et al., 2016; Grassi et al., 2017; Rogelj et al., 2016), but is not explored explicitly in Rogelj et al.
(2017a). Grassi et al. (2017) find a current ±3 GtCO2e/year difference in global LULUCF net emissions between country
reports (data submitted to UNFCCC, such as greenhouse gas inventories and national communications) and scientific
studies (as reflected in Intergovernmental Panel on Climate Change (IPCC) reports). Among the many possible reasons
for these differences, Grassi et al. suggest that a key factor, which deserves further analysis, relates to what is considered
‘anthropogenic sink’.
Finally, there is some additional uncertainty around the impact of Global Warming Potentials. There is no consistency in
the historical data and the future projections across the studies in the use of Global Warming Potentials. Some studies
use the Global Warming Potentials from the IPCC Second Assessment Report (AR2) consistently for all countries, whereas
others use the Global Warming Potentials from the IPCC Fourth and Fifth Assessment Reports (AR4 and AR5), depending
on the NDC information. With regard to the magnitude of uncertainty related to the choice of Global Warming Potentials,
global total greenhouse gas emissions for 2014 are reported to be 3 percent higher when the IPCC Fourth Assessment
Report (AR4) Global Warming Potentials are used, compared to when the IPCC Second Assessment Report (AR2) Global
Warming Potentials are used (Gütschow et al., 2017). The difference can be larger at a country level when, for example,
the share of Methane (CH4) emissions in total greenhouse gas emissions of a country is larger than the global average.
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The studies from which the current policy trajectory
scenario and the NDC scenario are drawn differ in a number
of respects, such as their treatment of conditional versus
unconditional NDCs; assumptions regarding non-covered
sectors and gases; treatment of land use, land-use change
and forestry (LULUCF) and surplus emission units; different
bases for calculating Global Warming Potentials. These
differences are further described in the 2016 Emissions
Gap Report, which also provides a fuller discussion of the
six scenarios. The methodological differences between the
studies cannot be fully harmonized, which leads to some
uncertainty as indicated in the results presented in section
3.3, where the implications of the differences between
studies are also further explored (see also box 3.2).

1.5°C pathways and the 2°C pathways3. More specifically,
the global emissions in 2010 of the 1.5°C pathways included
in the 2016 Emissions Gap Report were about 3 GtCO2e
higher than the median 2010 levels of the 2°C pathways.
This resulted in higher global emissions by 2020 for the 1.5°C
pathways compared to the 2°C pathways. The harmonization
brings the 2010 global emission estimates to the same
level for the assessed 1.5°C pathways and 2°C pathways,
and leads to comparable 2020 emission levels for the two
pathways. This harmonization further affects the projected
global emission levels in 2030, lowering them by around
a further 2 GtCO2e. The estimated global emission level is
about 5 GtCO2e lower than the central estimate for the 2°C
pathways, as shown in table 3.1.

3.2.2 Updates to the assessment

3.2.3 Emerging studies on pathways with a
greater than 66 percent chance of limiting
global warming to below 1.5°C

The emissions estimates presented in table 3.1 are based on
the 2016 Emissions Gap Report (UNEP, 2016), but updates
have been made in a number of cases.
There are no updates to the no-policy baseline scenario
compared to the 2016 report. However, the current policies
projections at the global level have been updated, drawing
on data from the Climate Action Tracker (CAT, 2017), the
Joint Research Centre (Kitous et al., 2017), PBL Netherlands
Environmental Assessment Agency (den Elzen et al., 2016a;
Kuramochi et al., 2016; PBL, 2017), and the International
Energy Agency (IEA, 2016).
The global emissions projections of the two NDC scenarios
have also been updated with data from the four abovementioned modelling studies, and with updated data from
Climate Interactive (2017).
The estimates for the 2°C pathways with higher than
66 percent probability in 2100 remain unchanged since the
2016 Emissions Gap Report.
The estimates for the 1.5°C pathways with 50-66 percent
probability in 2100 have been updated, resulting in 2030
global emission estimates that are around 3 GtCO2e lower
than those in the 2016 Emissions Gap Report. The update
is based on: (a) the inclusion of new data that have become
available from scenarios generated with updated or other
modelling frameworks, and (b) the harmonization of the
1.5°C pathways with the same global 2010 emissions as
for the 2°C pathways. The new data considered lower the
2030 emission estimates by around 1 GtCO2e and have also
expanded the emissions range. Under the assumption of
continued historical socioeconomic trends, Rogelj et al. (2017a)
find emissions in 2030 in the range of 35-37 GtCO2e/year,
whereas when assuming enhanced efforts to limit energy
demand and a shift towards sustainable consumption
patterns, cost-optimal emission levels in 2030 are estimated
at 32-34 GtCO2e/year.
The harmonization has been undertaken to resolve a
discrepancy between the global emissions in 2010 of the
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The strengthened temperature targets of the Paris
Agreement and the forthcoming 2018 Special Report on
the impacts of global warming of 1.5°C above pre-industrial
levels and related global greenhouse gas emissions pathways
by the IPCC have generated substantial interest in scenarios
that assume least-cost pathways starting from 2020 and that
have a higher than 66 percent probability of returning global
warming to 1.5°C in 2100.
For the 2016 Emissions Gap Report, no such scenarios were
available. Therefore the report focused on the least-cost
pathways starting from 2020 that had a lower probability
(50 percent) of returning global warming to below 1.5°C in
2100, based on a review by Rogelj et al. (2015) of earlier
published scenarios (Luderer et al., 2013; Rogelj et al.,
2013a; Rogelj et al., 2013b).
However, new scenarios are now emerging that assume
least-cost pathways starting from 2020 that can return
global warming to below 1.5°C in 2100 with at least
66 percent probability. These are reported in the ADVANCE
project’s policy briefs (Luderer et al., 2016; Vrontisi et al.,
2016) and its forthcoming paper (Vrontisi et al., 2017). At
the ninth meeting of the research dialogue at the Subsidiary
Body for Scientific and Technological Advice (SBSTA) in Bonn,
May 2017, Rogelj et al. (2017b) also presented the first draft
of least-cost 1.5°C pathways starting from 2020 based on a
multi-model comparison study and the framework of the
Shared Socioeconomic Pathways (Riahi et al., 2017)4.
These higher probability 1.5°C scenarios have extensive
implications for 2030 global emission levels. Vrontisi et al.
(2016) reported scenarios from various models that assume
least-cost pathways starting from 2020 that can return global
warming to below 1.5°C in 2100 with at least 66 percent
probability. Emission levels in 2030 for 1.5°C scenarios are
estimated at 24 (range: 19–34) GtCO2e, which is about
3
4
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The harmonization is based on the average outcome of adopting the three
harmonization methods from the literature (Rogelj et al., 2011).
These scenarios represent an extension of the set of ‘Representative
Concentration Pathways’ (RCPs) towards scenarios that limit end-of-century
forcing to 1.9 W/m2.

18 GtCO2e lower than the central estimate for the 2°C
pathways (table 3.1).

agreements outside the UNFCCC: the Kigali Amendment and
the International Civil Aviation Organization Agreement.

3.3 The emissions gap in 2030 and urgency of
action

3.3.1 The effect of NDCs on global greenhouse gas
emissions and the resulting emissions gap

This section updates the 2030 emissions gap from previous
reports (section 3.3.1) and examines the implications of the
estimated emission levels associated with the NDC scenarios
for peaking of emissions, depletion of the carbon budget
and global average temperature increase by the end of
the century (section 3.3.2). It then assesses the potential
positive effects on the 2030 emissions gap of two important

This section presents the emissions gap for 2030, drawing
on the estimated global total greenhouse gas emission levels
in 2030 under the six scenarios described in section 3.2 and
provided in table 3.1. As in previous reports, the emissions
gap in 2030 is defined as the difference between global total
greenhouse gas emissions from least-cost scenarios that are
consistent with the below 2°C and 1.5°C temperature target

Figure 3.1: Global greenhouse gas emissions under different scenarios and the emissions gap in 2030 (median estimate and 10th to 90th
percentile range).
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and the expected global total greenhouse gas emissions
implied if NDCs are fully implemented. Findings regarding
the aggregate effect of full implementation of the NDCs on
global total greenhouse gas emissions in 2025 and 2030 are
also compared to the emissions implied by the no-policy
baseline scenario and the current policy scenario.
The results are illustrated in figure 3.1, which shows that the
emissions gap in 2030, compared with least-cost pathways
limiting global warming to below 2°C with a greater than
66 percent chance, ranges from 11-13.5 GtCO2e for the full
implementation of the conditional and the unconditional
NDCs respectively. These estimates are slightly lower
than those made in 2016 (12-14 GtCO2e), due to updated
information from five global studies resulting in lower
emission projections for the NDCs. The emissions gap in
the case of least-cost pathways limiting global warming to
below 1.5°C with 50–66 percent chance is 16-19 GtCO2e
for conditional and unconditional NDCs respectively. This is
higher than the estimates made in 2016 (15-17 GtCO2e) due
to the updated 1.5°C pathways (see section 3.2). As indicated
by the emerging new studies, the gap would be significantly
larger if a higher probability (>66 percent) of limiting global
temperature increase to 1.5°C in 2100 was considered.
It is apparent from figure 3.1 that current policies lead
to emissions that are markedly lower than the baseline,
which assumes that no additional climate policies are put
in place from 2005. This indicates that the baseline will
become increasingly less useful as a reference case. The
current policies projections have lowered by about 1 GtCO2e
compared with the estimate made in 2016, mainly due to
lower current policy projections from China.
Figure 3.1 shows that full implementation of the
unconditional NDCs will reduce annual global greenhouse
gas emissions in 2030 by 9 GtCO2e5 (range: 8–13) relative to
the median no-policy baseline, and by 4 GtCO2e (range: 2–7)
relative to the median current policy trajectory. Comparing
these cost-optimal 2°C and 1.5°C scenarios with the
unconditional NDC projections shows a large discrepancy.
More specifically, there is a gap in 2030 of 13.5 GtCO2e
(range: 10–15) between the unconditional NDC scenario
and the median 2°C scenario. Comparing the unconditional
NDC scenario with the median global emissions pathway
consistent with meeting 1.5°C with a 50–66 percent chance
leads to a gap of 19 GtCO2e (range: 15-21), which is 2 GtCO2e
higher than the gap in the 2016 report, due to the lower
1.5°C emissions pathways.
In comparison, if countries were to also fully implement
the conditional NDCs, estimated global greenhouse gas
emissions would be about 2.4 GtCO2e (range: 1.2–3.0) lower
in 2030 compared with the unconditional NDC scenario
case. This leaves a gap in 2030 of 11 (range 8–12) GtCO2e

between the conditional NDC scenario and the median
cost-optimal 2°C scenario. Comparing the conditional NDC
scenario with the median 1.5°C scenarios (50–66 percent
chance) increases the gap to 16 GtCO2e (range: 13–18).
It should be noted that the two NDC scenarios assume full
implementation of the conditional and unconditional NDCs
submitted by all countries. Considering the announcement
of the United States of America regarding its withdrawal
from the Paris Agreement and policy changes in the United
States of America, section 3.4 also discusses recent studies
estimating possible effects on the United States of America’s
emissions.
The gap calculations assume that there is no double counting
of reductions. In other words, transferred reductions are
only counted towards the achievement of one country’s
NDC, not towards both the country buying and selling. The
Paris Agreement provides for voluntary use of “international
transferred mitigation outcomes”, such as trading of offset
credits, on the basis that parties shall avoid double counting.
If, in a theoretical scenario, all Parties were to freely double
count (contrary to the provisions of the Paris Agreement),
this could increase the global emissions by 2030 by
0.8 GtCO2e in the case of both unconditional and conditional
NDCs6.

3.3.2 The implications on peaking, carbon budget
and temperature

Global total greenhouse gas emissions (covering all sectors
and gases) are expected to increase and not peak before
2030 under both the NDC scenarios and the current policy
scenario. New actions would be necessary to change this.
In contrast, the 2°C and 1.5°C least-cost pathways assume
that global total greenhouse gas emissions peak no later
than in 2020. This stresses the urgency of strengthening
mitigation action as well as NDCs before 2020, as Chapter 2
also concludes.
Another indication of the urgency of action concerns the
implications of projected global total CO2 emissions for
the carbon dioxide (CO2) budget. The CO2 budget indicates
the total cumulative CO2 emissions that can be emitted for
temperatures to stay below 2°C and 1.5°C7. If the NDCs are
fully implemented, they will result in cumulative emissions of
750-800 GtCO2 during the 2011–2030 period, which is about
80 percent of the remaining CO2 budget of 1,000 GtCO2
(range: 750-1,400) for limiting global warming to below 2°C
with more than 66 percent probability. The available global
carbon budget for 1.5°C with 50-66 percent probability will
already be well depleted by 2030. A recently published paper
(Millar et al., 2017) suggests that the available budget for 1.5°C

6

7
5
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The gap numbers and ranges in the text are rounded to the nearest Gt.
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Consistent with the earlier analysis of double counting in the UN Environment
2014 Emissions Gap Report, for the NDC cases it is assumed that international
emission offsets could account for 33 percent of the difference between
current policies trajectory and emission levels for the NDC cases by 2030
for the OECD countries. This is an arbitrary, conservative estimate, as many
parties have yet to specify any limits on the use of transferable units.
Box 2-1 (UNEP, 2014) explains how cumulative CO2 emissions are influenced
by various factors, such as the transient climate response to cumulative
carbon emissions and non-CO2 greenhouse gases.

Figure 3.2: Comparison of projected emissions by 2030 and all-time 1.5°C and 2°C
carbon budgets.
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Note: The figure shows cumulative global total CO2 emissions for the conditional NDC case, the unconditional NDC
case and the current policies scenario, and carbon budgets from the Fifth Assessment Report of the IPCC (IPCC AR5)
(IPCC, 2014a). The carbon budget ranges show the values based on the range of scenarios assessed by Working Group
III (IPCC, 2014b). The solid horizontal line at 1,000 GtCO2 shows the estimate based on complex Earth-System Models,
assessed by Working Group I (IPCC, 2014a). Historical emissions until 2015 are based on Le Quéré et al. (2015).
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might be bigger. However, criticism on the study points to
the fact that using different global average temperature data
sets in the calculations would not lead to higher budgets8.
Finally, the urgency of action and enhanced ambition
becomes unquestionable when the global average
temperature implications of the NDCs are taken into
consideration. Estimates of the level of global average
temperature increase associated with the implementation
of the NDCs depend on the assumptions made about what
will happen after 2030, and the probability assigned to the
global average temperature increase. Previous Emissions
Gap Reports adopt the approach of Rogelj et al. (2016),
which assumes that, as a minimum, the level of climate
mitigation effort implied by the NDCs is continued after
2030, until the end of the century. As reported in the 2016
Emissions Gap Report, full implementation of unconditional
NDCs and comparable action afterwards is consistent with a
global average temperature increase of about 3.2°C (median,
range: 2.9–3.4°C) relative to pre-industrial levels with greater
than 66 percent probability by 2100. Full implementation of
the conditional NDCs would lower the projection by about
0.2°C by 2100.

3.3.3 Impact of the Kigali Amendment

The Kigali Amendment to the Montreal Protocol aims to phase
down production and imports of hydrofluorocarbons (HFCs),
thereby reducing hydrofluorocarbon emissions, which is
in the spirit of the Paris Agreement to reduce greenhouse
gas emissions to net zero. It solidifies the international
efforts and provides more certainty that national measures
to reduce these emissions will be implemented. Against a
no-action baseline, the reductions could be in the order of
0.7 GtCO2e/year in 2030 (Höglund-Isaksson et al., 2017).
The Kigali Amendment may have a lower additional impact
against the NDCs, but one that is uncertain as countries are
not clear about the extent to which such reductions are
already covered by the NDCs. Most countries set targets
for all greenhouse gases including the hydrofluorocarbons.
For them, implementing the commitments of the
Kigali Amendment will not necessarily lead to lower
hydrofluorocarbon emissions than implementing the
NDC. Some, most notably China, have not included these
emissions in their NDC. For them, the implementation of
the Kigali Amendment would lead to lower emissions than
implementing the NDC and would, therefore, narrow the
emissions gap.
The long-term impact of the Kigali Amendment is assessed in
Chapter 6, which shows that it can be substantial.

3.3.4 Impact of the International Civil Aviation
Organization Agreement

The International Civil Aviation Organization is the United
Nations body responsible for international civil aviation
emissions of CO2 under Article 2.2 of the Kyoto Protocol.
Although international aviation is not explicitly identified
under the Paris Agreement, it is assumed that the
International Civil Aviation Organization will continue to take
responsibility for international emissions.
The International Civil Aviation Organization adopted a target
of ‘Carbon Neutral Growth from 2020’, that is no increase of
international aviation emissions of CO2 from 2020 onwards.
In order to achieve this, the International Civil Aviation
Organization agreed a global market-based measure, the
‘Carbon Offsetting and Reduction Scheme for International
Aviation’ (CORSIA) at the 39th International Civil Aviation
Organization Assembly (Resolution A39-3) in 2016. The
Carbon Offsetting and Reduction Scheme for International
Aviation relies on emissions offsetting and work is currently
ongoing on agreeing a monitoring, reporting and verification
system and defining the emissions units and registries to be
used. In addition, the International Civil Aviation Organization
is working on implementing technical measures to increase
efficiency or the use of sustainably sourced low-carbon fuels
to also contribute to the target of ‘Carbon Neutral Growth
from 2020’.
As of 2015, total emissions of aviation CO2 are estimated
to be of the order of 0.9 GtCO2e (International Energy
Agency data)9, around 62 percent of which are international.
Domestic emissions fall under the reporting and reduction
plans of States. International aviation emissions are
expected to grow from 0.5 GtCO2e in 2017 to around
1.1 GtCO2e in 2030 with increasing traffic demand over
the coming decades, despite emission reductions from
operational improvements, aircraft technology and
utilization of sustainable alternative fuels. If growth after
2020 is compensated by offsets, emissions of the order of
0.3 GtCO2e/year in 2030 could be saved over the reference
development. This is consistent with the International Civil
Aviation Organization’s own estimate10.
Given that participation in the first phases of the Carbon
Offsetting and Reduction Scheme for International
Aviation is voluntary, that certain developing countries
are permanently exempt, and that its actual effectiveness
depends on its implementation by States, the impact of the
Carbon Offsetting and Reduction Scheme for International
Aviation is still uncertain. So far, around 70 States have
declared their commitment to join the Carbon Offsetting
and Reduction Scheme for International Aviation.

9

8
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https://www.carbonbrief.org/factcheck-climate-models-have-not-exaggerated-global-warming ; http://www.realclimate.org/index.php/archives/2017/
09/is-there-really-still-a-chance-for-staying-below-1-5-c-global-warming/

Here, aviation CO2e emissions are effectively CO2 emissions alone, the sector
having no significant emissions of methane, Nitrous Oxide (N2O) etc. Aviation
does have non-CO2 impacts, however, from emissions of particles, Nitrogen
Oxides (NOx) and water vapour that impact on Ozone (O3), reduce methane,
and affect cloudiness but these are not estimated in CO2e since the scientific
uncertainty of doing so in terms of Global Warming Potential100 is still rather
large (Fuglestvedt et al., 2010; Lee et al., 2009; Lee et al., 2010).
10 https://www.icao.int/environmental-protection/Pages/A39_CORSIA_FAQ3.
aspx estimates range from 0.288-0.376 GtCO2 per year in 2030.
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Whether the offsetting under the Carbon Offsetting and
Reduction Scheme for International Aviation reduces the
emissions gap (between the NDCs and what is needed
for the Paris Agreement long-term goals) also depends
on the quality of the offsets that are allowed under the
Carbon Offsetting and Reduction Scheme for International
Aviation regime. The gap (as defined in this report) would
be narrowed if only offsets that reduce emissions beyond
the NDC of the country that was selling the offsets were
allowed. The gap would not be narrowed if credits were
allowed that were already counted towards meeting the
countries’ NDCs. This would be the case, for example, for
Clean Development Mechanism (CDM) projects initiated
several years ago that keep operating regardless of whether
or not the Clean Development Mechanism credits are sold,
and whose reductions are included in the current emission
trajectory of the country selling the offsets (Schneider et al.,
2017). Whether the offsetting under the Carbon Offsetting
and Reduction Scheme for International Aviation reduces
the emissions gap also depends on the level of participation.
Hence, the International Civil Aviation Organization
Agreement to reduce greenhouse gas emissions from
aviation may have an impact of between 0 and 0.3 GtCO2e
on closing the emissions gap in 2030.

3.4 Understanding the current emission
trends of G20 members
3.4.1 A comparison of current emission trends of
G20 members

This section presents a comparison of country-specific
findings for the G20 members. To assess these, figure 3.3
shows the projected impact up to 2030 of the NDCs and
current policies on greenhouse gas emissions for each G20
member. As mentioned in Chapter 2, these economies
collectively generate around three quarters of global
greenhouse gas emissions. Therefore their success in
implementing (or exceeding) their NDCs will have a major
impact on the achievement of global climate goals.

The calculation is based on the same data as the 2016
Emissions Gap Report was (UNEP, 2016), but updates have
been used for: the current policies and the NDC projections
from the Climate Action Tracker (CAT, 2017); the International
Energy Agency (IEA, 2016); the Joint Research Centre (Kitous
et al., 2017); PBL Netherlands Environmental Assessment
Agency (den Elzen et al., 2016a; Kuramochi et al., 2016; PBL,
2017); updated NDC projections from Climate Interactive
(2017); and some updated national and official studies
(Reputex, 2016; Sha et al., 2017) (see Appendix A available
online). More specifically, the data is sourced from: (i) the
official estimates included in the NDCs (UNFCCC, 2015a); (ii)
calculations based on the NDCs and on other documents
submitted by countries to the UNFCCC (such as national
greenhouse gas inventories, national communications,
biennial reports, and biennial update reports); (iii)
estimates published in country-specific studies; and (iv)
eight independent global analyses11. These are described in
further detail in Appendix A, which is available online.
The results of this assessment are presented for all G20
members in figure 3.3 (with the 28 European Union members
represented collectively instead of by the four Member
States, who are individual G20 members), noting that data
are not available for all countries for all studies. By comparing
the current policy scenarios and the NDC scenarios, the
figure provides an indication of whether or not a country
needs to implement policies additional to the current policy
trajectory to meet its NDC target. The figure does not indicate
the level of ambition of the NDC targets. Box 3.3 considers
possible principles for assessing and comparing the ambition
of NDCs across countries. It is also important to note that the
current policy trajectory scenarios, which attempt to reflect
the most recent mitigation policies, differ from the baseline
or ‘business as usual’ (BAU) scenarios employed by some
countries, which typically assume that no new policies are
adopted or implemented after a given cut-off year.

NDCs are not static or one-off commitments; countries have
the obligation to strengthen them regularly. The assessment
conducted in this section is on current NDCs, acknowledging
that they can be revised in the future.
For each of the G20 members, median emission projections
resulting from the current policies and full implementation of
the NDCs is calculated. As described in box 2.2 in Chapter 2,
current policies projections from independent analyses
presented in Chapter 2 cover the main energy and climate
policies implemented as of a recent cut-off date and do
not consider prospective policies that are being debated or
planned.

11 The UNFCCC synthesis report and the Danish Energy Agency (DEA) study are
excluded here, as these studies do not provide national estimates.
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Figure 3.3: Greenhouse gas emissions (all gases and sectors) of the G20 members by 2030.
Figure 3.3 a
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Figure 3.3 shows that for many countries the implementation
of their NDC would lead to lower emissions than the current
policies scenario, or in other words that additional policies
would have to be implemented to meet the NDC target.
For some countries the NDC is above the current policies
scenario, indicating that it should be possible to enhance
ambition quite easily. For eight G20 members, the NDC is
above 2010 emission levels.
Recent studies suggest that Brazil, China, India and Russia
are likely to – or are roughly on track to – (over)achieve
their (unconditional) 2030 targets through their currently
implemented policies.
Argentina, Australia, Canada, the European Union, Indonesia,
Japan, Mexico, South Africa, Republic of Korea and the
United States of America are likely to require further action
in order to meet their NDCs, according to government and
independent estimates.

20

From the existing studies, it is not possible to determine
whether Saudi Arabia and Turkey are on track to meet their
NDCs.
Figure 3.3 furthermore illustrates that the progress on
cutting down greenhouse gas emissions varies across the
G20 countries. For 11 of the 16 G20 members (counting the
28 European Union members as one), emission projections
based on current policies are higher than their 2010 emission
levels. More specifically, for some non-OECD Member States
(Argentina, China, India and Saudi Arabia) as well as for
some OECD Member States (Australia, Mexico, Republic of
Korea and Turkey), currently implemented policies do not
stop annual emissions from increasing until 2030. Annual
emissions in other countries are projected to remain stable
at about 2010 levels (including in Canada, Russia and the
United States of America), or to decrease further (such as in
the European Union with a 7–32 percent reduction compared
to 2010 levels), under current policies. The following section
provides more detail on each of the G20 members.
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Box 3.3 Comparing the ambition of countries’ NDCs
When countries put forward their NDCs for the Paris Agreement, they were asked to explain why these are ambitious.
These explanations can be used to derive metrics to compare countries’ actions.
The literature on assessing the ambition of NDCs is growing. It compares different energy and climate indicators
between countries and analyses what would be necessary in terms of national ambition to be compatible with the Paris
Agreement (Aldy et al., 2016; Climate Transparency, 2017; Höhne et al., 2017). Höhne et al. (2017) argue that only a
comprehensive approach that covers all perspectives can be used to assess the ambition of national climate policy. Many
principles could be used by countries to assess ambition, including (based on Höhne et al. 2017):
• A country’s reduction of emissions since 1990 (or any other base-year): the standard perspective for developed
countries used since 1992, also used in the Kyoto Protocol – the metric used by the European Union, for example.
• Change in recent trend in emissions: a country would do more than before – the main argument in the proposal by
the United States of America. This can also be measured as a deviation from a BAU scenario.
• Time and level of peaking emissions per capita: countries go through different levels of development with first rising,
then peaking and then declining emissions – the metric chosen by China.
• Comparison with equity-based effort-sharing calculations: There is a long history of scientific studies that use ‘effortsharing’ principles to calculate ‘fair’ emission targets for countries. The principles include responsibility (for example
those who emitted more in the past now have to reduce more) or capability (for example those with higher per capita
income levels should do more), equality (that is equal emission rights per capita), cost-effectiveness (total abatement
cost per Gross Domestic Product), as well as combinations.
• Comparison with benchmarks of decarbonization indicators: A number of indicators can be used to describe
countries’ circumstances and developments, for example at the national level, emissions per Gross Domestic Product,
emissions per capita, energy use per capita or the energy mix. At the sectoral level it could be emissions per kilometre
travelled or per tonne of cement or steel produced. Indicators can measure activity (for example vehicle kilometres
travelled) or intensity (emissions per vehicle kilometre) (see also the data portal of the Climate Action Tracker).
• In line with globally cost-effective model pathways: Modelling exercises can identify the country reductions required
to minimize the aggregated global costs of emission reductions. As a result, reductions are required in those sectors
and countries where they are least-cost from a global perspective.
• Comparison with best practice policy package or policy menu: A comparison can be made on the extent to which
a country has implemented supporting policies, addresses barriers, or has counterproductive policies in place. A
contribution can be regarded as ambitious if it includes many policies that are considered good practice, while it would
be less ambitious if the country were not to implement the policies that most of its peers had already successfully
implemented (see also climate policy database12, Climate Transparency 2017).
Comprehensive studies that evaluate diverse metrics are not yet available. However, their inclusion would be very
useful in future Emissions Gap Reports, as well as for the further processes under the UNFCCC, including the Facilitative
Dialogue in 2018 and the global stocktake in 2023.

3.4.2 NDCs and emission trends of individual G20
members

China’s NDC includes four major targets: (1) an intention
to peak CO2 emissions around 2030, making best eﬀorts
to peak earlier, (2) to reduce the carbon intensity of Gross
Domestic Product by 60–65 percent from 2005 levels by
2030, (3) to increase the share of non-fossil fuels in primary
energy consumption to around 20 percent by 2030, and (4)
to increase the forest stock volume by around 4.5 billion m3
from 2005 levels by 2030. For the first two targets, the NDC
does not clarify which sectors are covered (Damassa et al.,
2015). Recent independent studies (Climate Action Tracker,
2017a; den Elzen et al., 2016b; IEA, 2016; Sha et al., 2015)

12	www.climatepolicydatabase.org, https://newclimate.org/2015/12/01/goodpractice-policies/
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suggest that China’s emissions under currently implemented
policies would roughly be in line with what the NDC targets
would mean for overall emissions, but do not provide strong
indication that CO2 emissions would peak before 203013. Total
greenhouse gas emissions are projected to keep on growing
up to 2030, albeit at a much lower rate than previously
observed, which is also concluded in the analysis of Jiang et
al. (2017). Several studies have revised their projection for
2030 downward compared to last year’s projection.
Driven by air pollution control action policies (State Council,
2013), China started to control coal use and promote clean
energy use in 2012. Together with economic structural
13 Some analysts have argued that structural shifts in the economy in recent
years make likely much steeper reductions in the CO2 intensity of Gross
Domestic Product. Fergus and Stern (2017) include an illustrative pathway
wherein intensity is halved from 2005 to 2020, and the result is a peak in CO2
emissions between 2020 and 2025.
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changes, this resulted in a slowdown of most energyintensive production, a peak in coal consumption in 2013 in
physical unit and in 2014 in standard coal equivalents, and
continued decline from 2014. Coal consumption reduced by
4.7 percent in 2015, and 3.7 percent in 2016 (China Statistic
Year Book, 2017). Due to the increase in natural gas and
petroleum production, the total CO2 emissions have started
to decline after 2014. Based on the energy use data, energy
related CO2 emissions are around 450 MtCO2 lower in 2016
than in 2014, which amounts to 5 percent of total CO2
emissions from energy activities. Despite a small increase in
emissions from clinker manufacture, CO2 emissions in 2016
are still 430 MtCO2/year lower than in 2015 (China Statistic
Year Book, 2017).
In the last two years, newly installed capacity on wind power,
solar power, and hydropower has increased to more than
120 GW, which together with 11 GW newly installed capacity
for nuclear has dominated the global newly installed capacity
for low-carbon power. Low-carbon power accounts for more
than 40 percent of global newly installed capacity in the last
two years (CEC, 2017; REN21, 2017).
Due to structural change in the industry sector, energy
demand increase is projected to be quite low, with energy
demand by 2020 much lower than that projected in
government planning. Based on scenario analysis, the
increase in energy demand in the near future could be
provided by renewable energy, nuclear and natural gas.
Given the recent trends, coal decline could continue. Taking
into account these recent developments, CO2 emissions
may already have peaked, or may not increase in the future
(Green and Stern, 2017), a development that is not yet
included in the studies cited above and may be visible in
future Emissions Gap Reports.
Meanwhile, the European Union’s NDC contains a
commitment of a 40 percent reduction in domestic
emissions by 2030 compared to 1990. Recent independent
studies (CAT, 2017; Kitous et al., 2016) and the European
Environment Agency (EEA) Trends report (EEA, 2016) suggest
that the European Union will fall slightly short of its NDC
target under existing policies.
India’s NDC commits to, by 2030, reduce its emissions
intensity of Gross Domestic Product by 33–35 percent below
2005 levels, increase the share of non-fossil energy in total
power generation capacity to 40 percent, and create an
additional cumulative carbon sink of 2.5–3 GtCO2e through
additional forest and tree cover. In figure 3.3, unconditional
NDCs assume either current policies or only the intensity
target, while conditional NDCs assume full implementation
of the NDC, including the non-fossil fuel target. Independent
studies project that the emission level under the intensity
target would be overachieved, but it is uncertain what
emission level would be reached under all three targets
combined (Climate Action Tracker, 2017a; Mitra et al.,
2017; PBL, 2017). Recent policy developments include the
Draft Electricity Plan published in December 2016 (Central
Electricity Authority, 2016). Although this is currently not

an official policy and is in a draft stage, the analysis in the
document forecasts that no new coal-fired power capacity
would be required during the period 2022–2027, in contrast
to around 50 GW of additional capacity expected for the
period 2017–2022 (Central Electricity Authority, 2016). As a
result, the share of renewables in total installed capacity in
this scenario is projected to increase to around 43 percent
in 2027 (Central Electricity Authority, 2016). Overall, the
assessment suggests that the positive development provides
ample room for India to strengthen its NDC.
The INDC communicated by the United States of America in
2015 indicated an intent to reduce greenhouse gas emissions
by between 26 and 28 percent below 2005 levels in 2025,
which translates to 4.6-4.8 GtCO2e/year (national estimate,
in the IPCC Fourth Assessment Report (AR4) Global Warming
Potential terms). In June 2017, President Donald Trump
announced that the United States of America intended
to withdraw from the Paris Agreement and would cease
implementation of the NDC. The United States of America
subsequently communicated its intent to the United Nations
Secretary-General (The Representative of the United States
of America to the United Nations, 2017). The earliest that
United States of America withdrawal can take effect is in
2020, four years after the Paris Agreement entered into
force. Seven studies to date estimate that 2025 emissions
under the new Administration’s policies will range from
5.7-6.8 GtCO2e/year, in contrast to 5.0-6.6 GtCO2e/year
under the previous Administration’s policies (Chai et al.,
2017; Climate Action Tracker, 2017a; Climate Advisers, 2017;
ClimateInteractive, 2017; Hafstead, 2017; Rhodium Group,
2017a, b). The impact of current and upcoming action by
subnational and non-state actors may also be significant
(Kuramochi et al., 2017).
Argentina presented a revised NDC at the COP 22 in
November 2016 (Government of Argentina, 2016). This new
NDC includes an unconditional absolute emissions target
of 483 MtCO2e/year by 2030 and a conditional target of
369 MtCO2e by 2030, both including LULUCF. The revised
NDC is significantly more ambitious than the previous one in
terms of absolute emissions (about 190 MtCO2e/year lower
for the unconditional target), which is partially attributable
to the revised methodology for quantifying the historical
emissions data. The Climate Action Tracker concludes in its
latest analysis (Climate Action Tracker, 2017b) that the 2030
emissions projections, previously assessed to be on track
to meet the unconditional target (Kuramochi et al., 2016),
would not reach the revised NDC targets.
Australia committed to a 26–28 percent reduction of
greenhouse gas emissions by 2030 below 2005 levels,
including LULUCF. Government projections indicate that
emissions are expected to reach 592 MtCO2e/year in 2030
(Government of Australia, 2016), in contrast to the targeted
range of 429-440 MtCO2e/year. Independent analyses
(Kuramochi et al., 2016; Reputex, 2016) confirm that the
emissions are set to far exceed its Paris Agreement NDC
target for 2030. The Emissions Reduction Fund, which
the Government of Australia considers to be a key policy

The Emissions Gap Report 2017 – The emissions gap and its implications

23

measure to reduce emissions alongside other measures
such as the National Energy Productivity Plan and targets for
the reduction of hydrofluorocarbons (85 percent by 2036),
does not set Australia on a path to meeting its targets.
Brazil has put forward an absolute emissions reduction
target, committing to reduce emissions to 1.3 GtCO2e/year
by 2025 and 1.2 GtCO2e/year by 2030, which is equivalent
to 37 percent and 43 percent below 2005 emissions levels
including LULUCF. Recent independent studies suggest
current policy projections to be in line with the NDC targets
(CAT, 2017; Kuramochi et al., 2016; PBL, 2017). Uncertainty
nevertheless remains about the future of emissions growth;
for example, the LULUCF emissions reduced by 86 percent
between 2005 and 2012 (Ministry of Science and Technology
of Brazil, 2016), but recent data and analyses suggest that
the decreasing trend on deforestation and the resulting
emissions reductions have slowed down or even stopped
(SEEG, 2017).
Canada’s NDC commits to emissions reductions of 30 percent
from the 2005 level by 2030. Government projections indicate
that emissions are expected to reach 742 MtCO2e/year
in 2030, in contrast to the targeted level of 523 MtCO2e/year
(excluding LULUCF) (Environment and Climate Change
Canada, 2017). Independent studies (Climate Action Tracker,
2017h; PBL, 2017) also agree that Canada will miss its NDC
target under current policies by a large margin (610–820
MtCO2e/year compared to the NDC target of 510–580
MtCO2e/year in 2030).
Indonesia’s NDC includes an unconditional target of
29 percent below BAU and a conditional 41 percent
reduction below BAU with sufficient international support
by 2030, both including LULUCF. The NDC includes emissions
due to deforestation and peat land destruction, which are
the country’s largest sources of greenhouse gas emissions.
Studies covered in figure 3.3 show that Indonesia is close to
being on track to achieving its unconditional NDC, which is
based on new independent analyses (CAT, 2017; Kuramochi
et al., 2016; PBL, 2017) that show a range of emission
projections under current policies for 2030, although the
upper end of the projection range is not expected to achieve
the unconditional NDC target.
Japan aims to reduce its greenhouse gas emissions by
26 percent below 2013 levels by 2030 under its NDC. Recent
analyses (CAT, 2017; PBL, 2017) show that the target could
possibly be reached with currently implemented policies,
although there is still a great deal of uncertainty regarding
the future role of nuclear and coal power. It is worth noting
that the government has started the process to formulate a
new Basic Energy Plan, in which a revised future electricity
mix target for 2030 and subsequent years would be laid out.
Mexico aims, in its NDC, to reduce its greenhouse gas
emissions by between 22 percent (unconditional) and
36 percent (conditional) from BAU by 2030. Under its current
policies, Mexico is not on track to meet its NDC target.
Independent studies (Climate Action Tracker, 2017c; PBL,
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2017) agree that Mexico will fall short of its unconditional
NDC target (759 MtCO2e/year) by 20–160 MtCO2/year under
its current policies.
The Republic of Korea committed under its NDC to reduce
its greenhouse gas emissions by 37 percent below BAU by
2030. Recent independent analyses (CAT, 2017; PBL, 2017)
indicated that the emissions projections under current
policies would fall short of the NDC emission level. However,
it should be noted that the new President Moon Jae-in
recently announced that the Republic of Korea will reduce
its dependency on coal-fired and nuclear power generation
(Cheong Wa Dae, 2017; MOTIE-MOE-MOLIT, 2017), while
increasing renewable electricity. No official government
document has been published.
Russia’s INDC aims to limit its greenhouse gas emissions
to 70–75 percent of 1990 levels by 2030. Independent
estimates on the INDC emission level vary significantly
(2.4–2.7 GtCO2e/year including LULUCF), mainly due to
different interpretations on the accounting of LULUCF
emissions (Government of Russia, 2014). The emission
levels under current policies projected by independent
analyses are approximately 2.0–2.4 GtCO2e/year (including
LULUCF) in 2030 and reach the lower end of Russia’s INDC
range (Kuramochi et al., 2016). The latest current policies
projections for 2030 excluding LULUCF by the Climate Action
Tracker (Climate Action Tracker, 2017d) have been revised
downward by 0.2–0.3 GtCO2e/year compared to the 2016
assessment. Our assessment suggests that there is ample
room for Russia to strengthen its NDC.
Saudi Arabia’s NDC aims to achieve mitigation co-benefits of
up to 130 MtCO2e avoided annually by 2030 through actions
and plans outlined to contribute to economic diversification
and adaptation. The country has not yet defined a baseline,
which the NDC states will be determined based on
differently weighted combinations of two scenarios, which
differ in terms of their assumptions on the allocation of oil:
produced for either domestic consumption or export. Among
independent studies, PBL Netherlands Environmental
Assessment Agency and the European Commission’s Joint
Research Centre project that Saudi Arabia will achieve its
NDC (Kitous et al., 2017), whereas Climate Action Tracker
projects it to miss the NDC target (Climate Action Tracker,
2017e).
South Africa’s NDC consists of a peak, plateau and decline
in the greenhouse gas emissions trajectory range, which
gives a range of 398–614 MtCO2e/year between 2025 and
2030, reaching a peak between 2020 and 2025 and a plateau
for the following decade, before starting to fall. All studies
(Climate Action Tracker, 2017f; Kitous et al., 2017; PBL, 2017)
agree that South Africa will not achieve its NDC range under
current policies by a margin of 50 MtCO2e/year to nearly
400 MtCO2e/year in 2030.
Turkey’s NDC sets an economy-wide greenhouse gas
emission reduction target of up to 21 percent below BAU
in 2030. Among independent studies, PBL Netherlands
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Environmental Assessment Agency and the European
Commission’s Joint Research Centre project that Turkey will
overachieve its NDC considerably by 370–410 MtCO2e/year
(Kitous et al., 2017; PBL, 2017; van Vuuren et al., 2017;
Vandyck et al., 2016) while Climate Action Tracker projects it
to miss the NDC target, based on the government projection
(Climate Action Tracker, 2017g).

Analysis of the extent to which individual subnational and
non-state actors or initiatives meet their stated objectives
is still scarce. Chan et al. (2016) find that not all initiatives
deliver on their promises. Graichen et al. (2017) provide a
preliminary assessment of the actual emission reductions
of an initiative compared to its potential. Based on such
analysis, several studies (Graichen et al., 2016; Michaelowa
and Michaelowa, 2017) have identified criteria for initiatives
to be effective:

3.5 Subnational and non-state actions to
narrow the gap

• Permanent funding and secretarial support
•	Inclusion of Non-Govermental Organizations in the
design and implementation of the initiative
• Definition of mitigation targets including baseline
• Regular monitoring, reporting and verification

In line with previous Emissions Gap Reports, this report finds
that subnational and non-state actions could possibly make
a significant contribution to narrowing the gap (figure 3.4).
The aggregate impact of the initiatives could be in the order
of a few GtCO2e in 2030 beyond the current NDCs, if the
initiatives reach their stated goals and if these reductions do
not displace actions elsewhere. Since the 2016 report, only
updates on earlier studies (Compact of Mayors 2015; CDP
and We Mean Business, 2016; The Climate Group, 2016;
Graichen et al., 2017), but no significantly new aggregation
reports, have become available.

The process around and following the COP 21 in Paris in
2015 has brought about much higher recognition and
institutionalization of the role of non-state actors in the
intergovernmental climate change process. This process
continued at COP 22 in Marrakech in 2016, where the
Marrakech Partnership for Global Climate Action was

Figure 3.4: Illustration of the potential impact of international cooperative initiatives in 2030.
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launched14. It provides guidance on how the UNFCCC process
will catalyse and support climate action by Parties and
non-Party stakeholders in the period up to 2020, in line with
the arrangements of the Paris Agreement. It also promotes
an assessment of the compatibility of commitments with
regard to the long-term objectives of the Paris Agreement,
and seeks to increase the coherence with the Sustainable
Development Goals.
A number of new cooperative initiatives involving non-state
actors were launched at COP 22 in Marrakech. The ‘2050
Pathways’ platform intends to build a bridge to long-term
decarbonization scenarios and strategies and brings together
both state and non-state actors15. The Global South was
well represented in new initiatives such as the Marrakech
Investment Committee for Adaptation Fund, the Initiative
for Renewable Island Energy and the Marrakech Pledge for
Fostering Green Capital Markets in Africa. A host of other
initiatives were launched in various areas, including forests,
water, energy, human settlements, oceans, transport and
agriculture16. However, there was little information on the
progress regarding the non-state initiatives launched in Paris.

Actions by subnational and non-state actors have the
potential to reinforce each other (Andonova et al., 2017) and
could make the Paris Agreement more robust. Even if Parties
announce the withdrawal of their support from implementing
the Paris Agreement, other actors in the same country could
step in to reaffirm their commitment. For example, following
the announcement of the Trump Administration to withdraw
from the Paris Agreement, the United States of America has
seen a number of new initiatives driven by subnational and
non-state actors, such as America’s Pledge on Climate19, We
Are Still In20, Climate Mayors21 and the US Climate Alliance22.
If backed by action, these initiatives have the potential to
make up for the withdrawal (Kuramochi et al., 2017).
Jerry Brown, governor of California, announced23 in July
2017 that the State of California will convene representatives
from subnational governments, businesses, investors and
civil society in San Francisco, California, in September 2018
for a Global Climate Action Summit24. The meeting aims
to demonstrate the groundswell of innovative, ambitious
climate action, highlight the economic and environmental
transition already under way and spur deeper commitment
from all parties, including national governments.

The number of non-state commitments and actions included
in the Non-State Actor Zone for Climate Action17 platform,
where the UNFCCC captures and recognizes climate
commitments from non-state actors, continued to grow
to over 12,000 (mostly individual) commitments in 2016,
compared to 10,000 in 2015. The Non-State Actor Zone for
Climate Action also aims to assess the progress in these
commitments, but so far there is little data available. UN
Environment’s Climate Initiatives Platform18, which provides
the Non-State Actor Zone for Climate Action with data on
important cooperative non-state climate initiatives, has also
started collecting this information.

14 http://unfccc.int/files/paris_agreement/application/pdf/marrakech_
partnership_for_global_climate_action.pdf
15 http://newsroom.unfccc.int/unfccc-newsroom/high-level-climatechampions-launch-2050-pathways-platform/
16 http://newsroom.unfccc.int/climate-action/non-state-actors-partner-withgovernments-to-boost-climate-action/
17 http://climateaction.unfccc.int/
18 http://climateinitiativesplatform.org/
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Chapter 4

Bridging the gap - sectoral greenhouse gas emission reduction
potentials in 2030
Lead authors: Kornelis Blok (Ecofys), Angélica Afanador (Ecofys), Detlef van Vuuren (PBL Netherlands Environmental Assessment Agency)
Contributing authors: Tom Berg (Ecofys), Christian Breyer (Lappeenranta University of Technology), Oreane Edelenbosch (PBL Netherlands
Environmental Assessment Agency), Ann Gardiner (SQ Consult), Danny Harvey (University of Toronto), Atul Kumar (TERI University),
Roberto Schaeffer (Universidade Federal do Rio de Janeiro), Pete Smith (University of Aberdeen), Lynn Price (Lawrence Berkeley National
Laboratory), Irina van der Hoorn (Ecofys), Paul Waide (Waide Strategic Efficiency), Hans Joosten (Greifswald University)

4.1 Introduction
This chapter explores two central questions: Can the
emissions gap in 2030 be bridged, and what are the most
promising options to do so? As presented in Chapter 3,
the estimated emissions gap in 2030 is 11 to 13.5 GtCO2e
for the below 2°C target (>66 percent ‘likely’ chance), and
16 to 19 GtCO2e for the 1.5°C target (50-66 percent ‘medium’
chance). Chapter 3 furthermore assessed the difference in
2030 between emissions under the current policy scenario
and the emission levels consistent with a likely chance of
staying below 2°C and a medium chance of staying below
1.5°C of about 17 and 22.5 GtCO2e respectively (table 3.1). To
be sufficient to bridge the gap, emission reduction potentials
in 2030 need to be of a comparable magnitude.
The chapter provides a detailed review of greenhouse gas
emission reduction potentials in 2030 for key economic
sectors (section 4.2). Sectoral emission reduction potentials,
also called bottom-up potentials, provide detailed estimates
of the level of emission reductions that is feasible within a
certain sector or for a specific emissions category up to a
certain marginal cost level. When added up, and adjusting
for any overlaps, these estimates give an indication of the
total potential for reducing global greenhouse gas emissions
in 2030. The total potential can then be compared to the
gap, to determine whether it can be bridged (section 4.3).
In addition, the estimates provide policy makers with a clear
and granular view of where important emission reduction
options exist, that is, how the gap can be bridged. The
sectoral estimates are then compared to emission reduction
options provided by integrated assessment models
(section 4.4).
Previous Emissions Gap Reports have provided both sectoral
emission reduction potential estimates and estimates based

on integrated assessment models (see UNEP, 2014; 2013;
2012; 2011). However, most of the previous assessments
provide estimates of emission reduction potentials for
2020, and the most recent assessments of sectoral emission
reduction potentials date from more than six years ago.
These include UNEP (2011) for 2020, IPCC (2007) for 2020
and 2030, and McKinsey (2010) for 2030. Assessments that
are more recent include IPCC (2014) and IEA (2017), but
these do not include a sector-by-sector assessment of the
full emission reduction potential in 2030.

4.2 Assessment of emission reduction
potentials by sector in 2030
Drawing on a detailed review of recent studies, this section
presents estimates of the global emission reduction
potentials that are technically and economically feasible in
2030. The focus is on six main sectors: agriculture, buildings,
energy, forestry, industry, and transport (sections 4.2.1
to 4.2.6). However, some promising options for emission
reductions are difficult to allocate under one sector. These
are considered in section 4.2.7. For all sectors, the main
categories of emission reductions for 2030 are identified.
The focus of the analysis is on the socio-economic potential.
This means that the potentials presented here refer to the
total of emission reductions that can be achieved using
all technologies available in a given future year, which are
economically attractive from a social cost perspective (IPCC,
2001). This potential is defined as all reductions that can be
achieved at a marginal cost of no more than US$100/tCO2e,
at current prices, which is the cost level often assumed to
be necessary by 2030 for achieving ambitious reduction
pathways (IPCC, 2014; IEA, 2016). There are important
uncertainties related to assumptions regarding technology
deployment and implementation rates, including, for
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example, how rapidly solar photovoltaic energy production
can be scaled up, and the rate at which buildings can be
retrofitted. The underlying analysis introduces some degree
of ‘realism’ in the assessment and its respective assumptions.
In general, it is assumed that the potentials can be achieved,
if countries around the globe are willing to set policies that
enable the implementation of the available solutions.
The potentials are assessed against a current policy scenario,
which provides a reference level in 2030 against which the
greenhouse gas emission reductions could be achieved. The
current policy scenario emissions projected for 2030 amount
to 61.1 GtCO2e. If emissions from peat degradation and peat
fires are excluded, projected emissions are 59.2 GtCO2e
which corresponds well with the 58.9 GtCO2e current-policy
projection listed in Chapter 3, where peat-related emissions
are excluded in 3 out of the 4 underlying scenarios. Details
on the current policy scenario are included in Appendix B,
available online. The following gases are included in the
analysis: carbon dioxide (CO2), methane (CH4), nitrous oxide
(N2O), perfluorocarbons (PFCs), hydrofluorocarbons (HFCs)
and sulfurhexafluoride (SF6). Black carbon is not included in
the assessment (for impacts on global warming of short-lived
climate pollutants, including black carbon, see Chapter 6).
The potentials are adjusted to be in line with the current
policy scenario used for this chapter. Emission factors are
based on the average global emission intensities for 2030
from the World Energy Outlook 2016 (IEA, 2016). For the
electricity sector the average emission intensity of fossil-fuel
based power plants is used. Finally, interactions between
mitigation measures (for example, efficient appliances
versus power sector decarbonisation) are taken into account
and handled on a case-by-case basis.

4.2.1 Emission reduction options and potential in
the agriculture sector

Studies of emission reduction potentials for the agriculture
sector vary widely. Since IPCC AR5, studies that report
mitigation potentials in the agriculture sector with carbon
prices up to US$100/tCO2 provide annual reductions of
between 0.26 to 4.6 GtCO2e (Smith et al., 2014)1. These
estimates exclude demand-side options. However, demand
side mitigation options are included in the assessment
below. While net carbon emissions from soils are negligible
in current policy trajectories, Smith et al. (2007) argue
that around 90 percent of the mitigation potential can be
attributed to carbon sequestration in soils, like cropland,
grazing land and the restoration of degraded land. In addition,
non-CO2 greenhouse gases from enteric fermentation and
rice cultivation can be avoided. Finally, a large share of peatrelated emissions can be avoided.
Regarding cropland management, Smith et al. (2008) cite a
mitigation potential of 0.74 GtCO2e in 2030, with 90 percent
of the potential coming from CO2, while long-term biophysical
potentials of 2.6 GtCO2e/year are reported (Smith, 2016).
The non-CO2 component is more or less in line with the
1
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Lower range figure only concerns non-CO2 GHGs and thus excludes soil
Carbon sequestration where the largest share of the potential lies.

0.04 GtCO2e from USEPA (2013), presenting a range of
options to reduce the emissions originating from crop
farming. The estimate is established through a combination
of no-tillage and residue management, agronomy and
nutrient management, which are all three applied on
one-third of global croplands. Recently, there has been
discussion on no-tillage measures, for example in Dimassi
et al. (2014), who argue that an increase in the soil-carbon
stock may be the result of a redistribution of carbon
between soil layers. However, this would not affect the
potential from Smith et al. (2008), since the area to which
no-tillage measures are applied can be substituted with
measures that have a more or less similar potential from
the other cropland management categories, like agronomy
and nutrient management (Smith et al., 2008). We therefore
maintain the estimate potential of 0.74 GtCO2e in 2030 for
cropland management.
Grazing lands are typically managed less intensively than
croplands, leaving significant potential for enhanced removals
and emission reduction. Grazing land measures suggested
by Smith et al. (2008) include: adjusting grazing intensity
and allowing for more biomass growth, increasing land
productivity by reducing nutrient deficiencies, using more
precise nutrient additions resulting in savings in fertilizer, fire
management (reducing frequency and fire intensity in fireprone areas), and species introduction, for example of grass
species with higher productivity from associated nitrogen
inputs (Smith et al., 2008). Together, these measures have
the potential to sequester an additional 0.75 GtCO2 in 2030,
if measures under US$100/tCO2 are adopted.
Degraded wetlands, drained for agricultural use, contribute
disproportionally to global greenhouse gas emissions from
the land-use sectors, with approximately 25 percent of all
land-use emissions originating from degraded peatlands
(Bonn et al., 2014). When peatlands are drained, organic
matter in soils starts oxidizing and releases significant
volumes of carbon dioxide emissions, until drainage is
reversed or all peat is lost (Bonn et al., 2014). Currently,
global greenhouse gas emissions from peatland degradation
and peat fires are in the order of 2.2 GtCO2e/year and are
expected to decrease to 1.9 GtCO2e/year in 2030. Smith
et al. (2008) provides 2030 mitigation potentials for the
restoration of cultivated organic (peaty) soils of 1.3 GtCO2e,
but excludes mitigation from fires. In practice, peat fires can
only be prevented when an economic value is attributed to
the peatlands, or when they are rewetted effectively (Joosten
et al., 2012). Taking the substantial cost of peat fires into
account and considering measures of up to US$100/tCO2, it
is assumed that emissions from peat fires can be reduced to
zero for the majority of the peat sites in the world (World
Bank, 2016; Wichtmann et al., 2016). Remaining emissions
from peat fires in the current policy scenario are 0.3 GtCO2.
Emission reductions from peatland degradation and peat
fires combined would therefore amount to 1.6 GtCO2 in 2030.
Based on a simulation of alternative rice management
scenarios using varying management techniques, USEPA
(2013) estimates an emissions reduction potential of

The Emissions Gap Report 2017 – Bridging the gap - sectoral greenhouse gas emission reduction potentials in 2030

0.18 GtCO2e in 2030, a reduction of nearly 25 percent
compared to emissions under the current policy scenario.
The scenarios include measures such as adjusting the
flooding regime, applying no-tillage, and using various
fertilizer alternatives.
Recently, biochar has gained attention as a potential carbon
removal option in agricultural lands, mainly cropland.
Biochar is produced by heating biomass under anaerobic
conditions, and can under the right conditions enhance soil
fertility and improve soil’s water retention properties while
enhancing the soil organic carbon content. Woolf et al.
estimate that after 15 years, a reduction of about 0.2 GtCO2e
can be realized (Woolf, et al., 2010).
Although current-policy emissions from enteric fermentation
and manure management make up a significant part of
total emissions in agriculture, the mitigation potential from
livestock management is limited. Based on country-level
livestock populations from USEPA (2012), and livestock
production and market price projections from Nelson et al.
(2010), a global mitigation potential at costs below US$100/
tCO2 in 2030 of 0.23 GtCO2e is estimated (8 percent of
current policy scenario emissions). The mitigation options
with the highest cost-effective potentials are waste and
manure digesters, anti-methanogens (vaccines that suppress
methane production in the rumen), intensive grazing,
and improved feed conversion and propionate precursors
(animal feed addition that converts more of the produced
hydrogen into propionate instead of methane).
Based on a combination of intensive restoration projects on
agricultural lands (15 million hectares) and farmer-managed
natural regeneration projects2 (135 million hectares), the
Global Commission on the Economy and Climate estimates
that an emission reduction of 1.1 GtCO2e/year can be
achieved by 2030 (GCEM, 2015). These estimates are scaled
up from case-study results in China and Niger respectively,
and an uncertainty range of 0.5 to 1.7 GtCO2e is applied.
Turning to demand-side mitigation options, efforts can
be made to lower the carbon footprint of the average
diet. Stehfest et al. (2013) model the impact of shifting
food patterns to a diet recommended by the World
Health Organization, which sets recommendations on the
consumption of animal products and fat, and compare
this impact using two different economic models: the
International Food Policy Research Institute’s (IFPRI)
International Model for Policy Analysis of Agricultural
Commodities and Trade (IMPACT) and the so-called LEITAP
model from the Global Trade Analysis Project (GTAP). Both
models were coupled to the integrated assessment model
IMAGE. As a result of less agricultural demand from less
land- and resource-intensive diets, total greenhouse gas
emissions decrease by 0.37 to 1.37 GtCO2e/year in 2030
(Stehfest et al., 2013).

2

Stehfest et al. (2013) also studied the effect of reducing
food waste, utilising the same methods as described in
the previous paragraph. Within the agricultural supply
chain, significant losses can be identified when factors
such as harvesting inefficiency, bad harvesting conditions,
deterioration during storage, and consumer behaviour are
considered. Estimates of total losses vary considerably,
between 30 to 50 percent (Nelleman et al., 2009; Lundqvist,
2009), and the effect of waste reduction is modelled at a
15 percent reduction in the amount of food needed to
meet similar nutrition levels, which requires a 45 – 75
percent reduction in the amount of wasted food. Modelled
impacts on greenhouse gas emissions are somewhat higher
than shifting dietary patterns, with IMPACT reporting 2030
potentials of 0.79 GtCO2e/year and LEITAP of 2 GtCO2e/year.
Combining the potentials of all the measures discussed leads
to an emission reduction potential of 3 GtCO2e/year in 2030
(uncertainty range 2.3 – 3.7 GtCO2e), if uncertain measures
like biochar, peat-related emission reductions, and demandside measures are excluded. These three measures add up
to an additional potential of 3.7 GtCO2e (uncertainty range
2.6 – 4.8 GtCO2e) in 2030, after correction for overlap with
other measures.

4.2.2 Emission reduction options and potential in
the buildings sector

Under the current policy scenario, buildings account
for annual energy-related greenhouse gas emissions of
12.6 GtCO2 in 2030. Of these emissions, 29 percent are direct,
mainly from space heating and hot water production, and
71 percent are indirect, mainly from electric appliances and
lighting. Improvements in energy efficiency is an important
emission reduction option for all energy uses. In addition,
renewable energy can play a role.
In many countries, policy measures and legislation are
already addressing the energy efficiency potential of new
buildings. Concepts like net-zero buildings, insulation, smart
glazing, and building automation are of increasing interest.
While developing new buildings with energy-efficient
technologies is an important step in reducing emissions from
the sector, retrofitting of existing buildings is also essential.
Based on the method used by the Climate Action Tracker it
is estimated that for new buildings between 0.68 and 0.85
GtCO2/year could be avoided in 2030 (Climate Action Tracker,
2016). This would require that all new buildings in OECD
countries are near-zero energy from 2020 onwards, and
from 2020 to 2025 onwards also in non-OECD countries. It
is assumed that near-zero energy buildings have 90 percent
lower emissions than the current standard. This figure is
consistent with Blok et al. (2015) who based on an analysis of
several studies estimated a potential from ambitious energy
efficiency standards for new buildings of 0.7 to 1.3 GtCO2/year
in 2030. This is also consistent with C40 (2014), which reports
a reduction potential of 0.9 GtCO2/year in 2030 for heating
efficiency in new buildings.

A land restoration method using living tree stumps or roots in crop fields,
grazing pastures, woodlands or forests that have proven to have co-benefits
in combating poverty and hunger (Haglund et al., 2011).
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For the thermal retrofit of existing buildings, the estimated
emission reduction potential is 0.52 to 0.93 GtCO2/year
in 2030 using the same method as in the Climate Action
Tracker (2016). The lower range requires annual renovation
rates of 3 percent in OECD and non-OECD countries from
2020 onwards, with 75 percent direct emissions reduction
per retrofit (GBPN, 2013). The higher range requires annual
renovation rates from 2020 onwards of 5 percent in OECD
countries and of 3 percent in non-OECD countries, with
90 percent direct emissions reduction per retrofit (GBPN,
2013). This emission reduction potential is consistent
with C40 (2014), which forecasts a reduction potential of
0.8 GtCO2/year for existing buildings in 2030.
According to IRENA (2016) and Wagner (2017) heat from
renewable sources can grow by 5.4 EJ for solid, liquid and
gaseous biofuels and by 2.9 EJ for solar energy compared
to the current policy scenario. This equals an emission
reduction potential of 0.39 GtCO2/year in 2030 from biomass
and 0.21 GtCO2/year for solar heat.
For electric appliances (excluding lighting) in households and
the service sector, an assessment of the emission reduction
potential is calculated based on Molenbroek et al. (2015),
leading to an estimate of 3.3 GtCO2/year in 2030. This is in
line with the estimation of adopting the world’s best end-use
equipment technology by CLASP (2011). For energy efficient
lighting, a report by UN Environment (UNEP, 2014) estimates
energy savings of 4.4 EJ, equivalent to 0.92 GtCO2/year in
2030. Molenbroek et al. (2015) reports emission reductions
from lighting of 0.67 GtCO2/year in 2030. We will use this
figure, which is slightly lower than the older estimate in
CLASP (2011).
The total emission reduction potential for direct emissions
from buildings is 1.9 GtCO2/year (uncertainty range 1.6 – 2.1
GtCO2) in 2030 after correction for overlap between energy
efficiency and renewable energy measures. The reduction
potential for indirect emissions is included in the energy
sector potential.

4.2.3 Emission reduction options and potential in
the energy sector

In the current policy scenario, energy sector emissions
amount to 21.3 GtCO2 in 2030, of which 16.3 GtCO2 comes
from power generation (IEA, 2016, USEPA, 2012). Main
options for reducing emissions in the energy sector are wind
and solar energy. In addition, hydro, nuclear, carbon capture
and storage and bioenergy combined with carbon capture
and storage can contribute. Emission reductions from the oil
and gas sector and coal mining are also discussed.
The installed global wind capacity was 487 GW by the end
of 2016 (REN21, 2017). Wind energy capacity can grow to
between 2,110 and 3,064 GW in 2030 (GWEC, 2016; Teske
et al., 2015), compared to 940 GW in the current policy
scenario. This represents an emission reduction of between
2.6 and 4.1 GtCO2 in 2030. Reaching these potentials
would require an annual growth of installed capacity of
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11 to 15 percent per year. For comparison, the growth in the
past decade amounted to 21 percent per year.
Solar power capacity can reach 3,725 GW in 2030 (Teske
et al., 2015), compared to 708 GW in the current policy
scenario, which represents an emissions reduction of
3.0 GtCO2/year in 2030. The installed global solar capacity
by the end of 2016 amounted to 303 GW (REN21, 2016).
Reaching these potentials would require an annual growth
of installed capacity of 14 to 20 percent per year (Teske et
al., 2015). For comparison, the growth in the past decade
amounted to 48 percent per year. Creutzig et al. (2017)
find that many models have consistently underestimated
deployment of solar photovoltaics. However, some newer
studies provide higher potentials. A recent analysis by
Breyer et al. (2017) estimate a potential of 7,100 – 9,100 GW.
This potential would require a growth of the installed solar
photovoltaics capacity of 26 to 29 percent per year and
would lead to avoided emissions of 5.5 to 7.2 GtCO2/year3.
For a more electrified energy system, Breyer et al. report
a potential of 12,000 GW. An Ecofys study done for Sitra,
showed that, by scaling up the solar photovoltaics energy
strategy of Germany to the whole world, the potential global
increase in solar photovoltaics could be in the range of
3,885 to 8,722 GW in 2030. This is equivalent to a potential
emission reduction of 2.49 to 6.17 GtCO2e/year in 2030
(SITRA, 2015; Afanador et al., 2015)4. Based on the large
variation of numbers presented here, and leaving out the
highest ones, we come to a potential of 3 to 6 GtCO2/year
avoided through solar photovoltaics.
Other electricity production options also have potential to
reduce emissions in the energy sector in 2030. Compared to
emission levels under the current policy scenario, biomass
has a potential of 0.85 GtCO2/year and geothermal has a
potential of 0.73 GtCO2/year (Teske et al., 2015). For hydro
power and nuclear energy, the IEA (2016) in its 450 scenario
indicates a potential increase of 147 GW and 154 GW
compared to the current policy scenario. The emission
reduction potentials are estimated at 1.89 and 0.87
GtCO2/year in 2030, respectively.
The total emission reduction potential for carbon capture and
storage (CCS) is estimated by IEA (2017) at 2.03 GtCO2/year
in 2030, which is slightly lower than the estimation of Mac
Dowell and Fajardy (2017) of 2.5 GtCO2, based on an earlier
IEA study. This includes a reduction of 0.8 GtCO2/year in 2030
for CO2 for enhanced oil recovery and 0.1 GtCO2/year in 2030
for carbon capture and utilisation in 2030. This reduction
potential can be allocated either to the energy sector or to
the industry sector. Based on the allocation in IEA (2016),
67 percent is allocated to the industry sector and 33 percent
to the energy sector. The amount of carbon dioxide avoided
is smaller than the amount of carbon dioxide captured,
3
4

Given the high penetration of solar photovoltaics, we use average emission
factors here instead of marginal emission factors.
According to the study, the level of uncertainty of the estimation is about
20 percent, due to data limitations at the country level. The study scales up
the solar photovoltaics case of Germany in each individual country and then
aggregates them to a global potential. In cases where country data was not
available, the authors used regional data.
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because it consumes energy to operate CCS. This ratio is 70
to 90 percent (Herzog et al., 2005). Therefore, a 20 percent
discount is applied to correct for the stored CO2 that is
reported. In the industrial sector, a correction of 10 percent
is applied since the CO2 in these sectors is often emitted
at higher purity. The above leads to a reduction potential
of 0.53 GtCO2/year in 2030 for the energy sector and
1.22 GtCO2/year in 2030 for the industry sector5.
Bioenergy with CCS has a reduction potential of
0.31 GtCO2/year in 2030 (IEA, 2017). There is uncertainty
about whether bioenergy with CCS exceeds the costs of
US$100/tCO2. Several studies provide cost estimations
ranging from above to under the US$100/tCO2. Arasto et al.
(2014) estimate costs at US$100-200/tCO2, while McGlashan
et al. (2012) estimate the average costs for bioenergy
with CCS to be US$80-90/tCO2, and Johnsen et al. (2014)
estimates that bioenergy with CCS applied on biofuels
production in 2030 will cost €25 – 175/tCO2. Since there are
studies with estimations under and above US$100/tCO2, the
potential for bioenergy with CCS is allocated to the energy
sector category as an additional option.
This chapter does not include the shift from coal to gas,
since natural gas declines in the World Energy Outlook
450 scenario compared to the current policy scenario (IEA,
2016). However, within certain regions the shift from coal
to gas can play a role in the reduction of emissions from the
energy sector. In the World Energy Outlook 450 scenario,
only a small increase is visible in India (0.3 EJ) and South
Africa (0.04 EJ) (IEA, 2016). Given the small size, this is not
included in the potentials.
The total emission reduction potential in the power sector
is large. It makes up nearly 80 percent of the power sector
emissions in the current policy scenario, without considering
overlaps. Adding electricity savings from the buildings and
industry sector implies that power sector emissions in 2030
could be reduced by more than 100 percent compared
with the current policy scenario, which is obviously not
possible unless bioenergy with CCS is applied on a large
scale. However, there will be increasing interaction between
the different emission reduction options long before the
100 percent is reached, making the total potential smaller
than the sum of the individual options. In the assessment,
it is assumed that total emissions in the power sector are
reduced by a maximum of 57 to 65 percent, which are the
largest percentages found in the literature (Deng et al.,
2012; Teske et al., 2015)6. This will lead to total emission
reductions of 9.3 to 10.6 GtCO2/year in 2030, which indicates
the ‘basic’ potential. However, given the large potentials for
the individual categories, power sector decarbonization
may develop faster (see, for example, Breyer et al., 2017).
Implementing large shares of intermittent renewable
sources would require the use of flexibility options such as
5
6

Compared with Chapter 7, this chapter considers different groupings of
emission reduction options, timeframes and cost levels. For this reason,
estimates are not directly comparable across chapters.
For comparison, the recent Energy Technology Perspective reports (IEA,
2016; IEA, 2017), give reductions of 35 percent and 48 percent compared to
the current policy scenario.

demand response, flexibility of supply, network optimization
and expansion, and storage to match supply and demand.
For an overview of flexibility options, see Papaefthymiou et
al. (2014).
Outside the power sector, methane emissions from the
distribution of gas and the production and transmission
of oil and gas can be reduced by 1.78 GtCO2/year in 2030
(Klimont and Höglund-Isaksson, 2017). This is 75 percent
of the current policy scenario emissions from the oil and
gas industry. These reductions can mainly be achieved by
implementing measures for the recovery and utilization of
vented gas and the reduction of leakages.
Methane emissions from coal mining can be reduced by
0.41 GtCO2e/year in 2030, which is a reduction of 56 percent
compared to the current policy scenario (Klimont and
Höglund-Isaksson, 2017). Measures implemented in this
scenario include pre-mining degasification measures and
the installation of ventilation air oxidizers.
Combining the potentials of all the electricity-related
measures discussed, also in buildings and industry, leads
to a potential of 10.0 GtCO2e (uncertainty range 9.3 – 10.6
GtCO2e/year) in 2030. Bioenergy with CCS could provide an
additional potential of 0.3 GtCO2e in 2030 (uncertainty range
0.2 – 0.4 GtCO2e). Emission reductions from the oil and gas
sector and coal mining are 2.2 GtCO2e/year (uncertainty
range 1.7 – 2.6 GtCO2e).

4.2.4 Emission reduction options and potential in
the forestry sector

Since IPCC AR5, studies of mitigation potentials in the forestry
sector with carbon prices up to US$100/tCO2 report values
between 0.2—13.8 GtCO2e/year, largely depending on the
types of models used (Smith et al., 2014). There are two
main options for reducing emissions in this sector: halting
deforestation, and restoration of degraded forest land.
Emission reduction potentials from halting deforestation
come with great uncertainty. These uncertainties relate, for
example, to the degree to which decreased deforestation
leads to lowered degradation and associated carbon
emissions, but also depend on the baseline used (GCEM,
2015). We assume a global potential in 2030 of 3 GtCO2e
(based on Clarke et al., 2014). This central estimate assumes
that the current policy scenario emissions remain stable
from current levels.
Global commitments on restoration of degraded forests,
such as commitments to the Bonn Challenge and the New
York Declaration on Forests, aim to bring a total of 350 million
hectares of degraded and deforested land under restoration
(Messinger and DeWitt, 2015). Reaching this target by 2030
would yield emission reductions in the order of 1.6-3.4
GtCO2/year, with a central estimate of 2.3 GtCO2/year
in 2030 (Verdone et al., 2015).
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Combining the potentials of the measures discussed
leads to a total contribution from the forestry sector of
5.3 GtCO2e/year (with an uncertainty range of 4.1 – 6.5 GtCO2e).

4.2.5 Emission reduction options and potential in
the industry sector

Industry sector greenhouse gas emissions are 19.3 GtCO2e
in 2030 under the current policy scenario. The two main
sources of industrial greenhouse gas emissions are direct
and indirect (via electricity consumption) use of fossil fuels.
There are also smaller sources of greenhouse gas emissions,
including ‘non-energy’ use of fossil fuels (for example, fossil
fuels as feedstock for chemical processes) and emissions
from industrial processes (for example, carbonization
in the cement process and several sources of non-CO2
greenhouse gases). By applying a broad set of mitigation
options (Fischedick, 2014), the industry sector can achieve
substantial emission reductions by 2030, mainly from
energy efficiency, non-CO2 measures and CCS, with a smaller
contribution from renewable heat.
For energy efficiency, the emission reduction potential
for 2030 is estimated at 4.1 GtCO2/year compared to the
current policy scenario. This estimate is based on data from
ClimateWorks Foundation and the World Bank (Akbar et al.,
2014), scaled up from six major regions to the entire world
and correcting for measures other than energy efficiency.
The emission reduction implies a nearly 30 percent reduction
compared to the current policy scenario. This is compatible
with the estimate by Worrell and Carreon (2017) (see also
Saygin et al. (2011), who estimated a static potential of
27 ± 9 percent). It should be noted that the potentials vary
by sector and by region. For example, it is estimated at 9 -30
percent for iron and steel, 4-7 percent for primary aluminium,
for cement the estimate is 20-25 percent, for petrochemicals
23-7 percent, and for ammonia production 11-25 percent
(Worrell and Carreon, 2017). Based on the share in current
policy emissions, a 2.2 GtCO2/year emission reduction
is allocated to direct emissions and a 1.9 GtCO2/year
is allocated to indirect emissions.
Renewable energy use in the form of solid, liquid and gaseous
biofuels, solar thermal energy and geothermal can generate
9.7 EJ (IRENA 2016), which is an additional 7.8 EJ compared
to the current policy scenario. This will reduce emissions by
0.5 GtCO2/year in 2030.
Carbon capture and storage in the manufacturing industry
is associated with an emission reduction potential of
1.22 GtCO2/year in 2030 (see the discussion of the option in
the section on the energy sector).
For non-CO2 greenhouse gases, the largest reduction is
from HFCs, which can be reduced by 1.5 GtCO2e/year in
2030 (Purohit and Höglund-Isaksson, 2017)7. USEPA (2013)
estimates an additional reduction potential for non-CO2
7
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Note that these estimates do not consider the emission reduction impacts
associated with implementing the Kigali Amendment to the Montreal
Protocol. Taking these impacts into account would lower the estimate (see
Chapters 3 and 6).

greenhouse gas emissions of 0.2 GtCO2e/year in 2030, where
0.12 GtCO2e comes from nitric and adipic acid production
and the rest from perfluorocarbons from primary aluminium
production and sulphur hexafluoride from electric power
systems and magnesium production.
Based on the above, the emission reduction potential for
industry for direct emissions is 5.4 GtCO2e/year in 2030
(uncertainty range 4.2 – 6.6 GtCO2e). No correction for
overlap is needed, as many industrial plants are so large
that energy efficiency measures can be combined with CCS
or renewable energy. The reduction potential of indirect
emissions is already accounted for in the potential for the
energy supply sector.

4.2.6 Emission reduction options and potential in
the transport sector

In the current policy scenario, total emissions for transport
are 9.7 GtCO2 in 2030, of which 9.42 GtCO2 are direct
emissions and 0.28 GtCO2 indirect emissions for electricity
use. The emission reduction potential differs per mode of
transport, but is most significant for light-duty vehicles and
heavy-duty vehicles, with other contributions coming from
shipping, aviation and biofuels.
In the automobile sector, fuel efficiency measures could
potentially reduce emissions by 0.88 GtCO2/year (heavy
duty vehicles) and by 2.0 GtCO2/year (light duty vehicles)
by 2030 (ICCT, 2012). These numbers include modal shifts.
A shift to more electric vehicles is also included. ICCT (2012)
assumes that electric-drive vehicles will form a small, but
not insignificant, share (up to 9 percent) of new-vehicle sales
by 2030. This is in line with the estimations of IRENA (2016)
(10 percent) and Bloomberg New Energy Finance (2017)
(7 percent). Note that substantial emission reductions due
to fuel economy standards for passenger cars are already
included in the current policy scenario.
Aviation can reduce emissions with up to 0.32 (ICCT 2012)
or up to 0.42 (ICAO 2013) GtCO2/year in 2030 by using
alternative fuels, improved infrastructure use and technical
improvements.
Several studies indicate an emission reduction for shipping
(Alvik et al., 2010; Faber et al., 2011; Eide et al., 2011;
Hoffmann et al., 2012) ranging from 0.39 to 0.99 GtCO2. The
studies contain several measures focused on fuel efficiency.
The most recent study, from Bouman et al. (2017), reports
an emission reduction potential of 0.70 GtCO2/year in 2030.
The numbers for aviation and shipping are in the same order
as those in the study from New Climate Economy (GCEM,
2015), which shows a reduction potential between 0.60 and
0.90 GtCO2 per year.
Biofuels is another measure that is relevant for the transport
sector. ICCT (2012) provides no potential for biofuels in 2030
due to the high uncertainty. IRENA (2016) does provide an
estimate for biofuels to cover 10 percent of the sector’s total
fuel use in 2030. Taking into account that greenhouse gas
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emissions from biofuels are 70 percent to 90 percent lower
than those of conventional fuels (BLE, 2016; Ecofys, 2017
forthcoming) an emission reduction potential of 0.63 to 0.81
GtCO2e/year in 2030 can be calculated.
Based on the above, the total emission reduction potential
for the transport sector is 4.7 GtCO2/year in 2030 (with an
uncertainty of 4.1 – 5.3 GtCO2). No overlap correction is
needed, as biofuels can be used as drop-in fuels.

4.2.7 Other promising emission reduction options
and potential

Some options for emission reduction are difficult to allocate
to one of the sectors assessed in the previous sections. This
may be because it is still unknown in which sector it can best
be implemented, or because the option can be applied to
multiple sectors. Some promising mitigation measures are
described below.
Methane constitutes some 90 percent of greenhouse gas
emissions from the waste sector. Landfill gas recovery and
utilization is one option for reducing methane emissions.
USEPA (2013) estimates that landfill gas recovery can reduce
emissions by 0.4 GtCO2e/year in 2030, which represents 42
percent of the emissions in the current policy scenario.
Enhanced weathering measures aim to draw carbon from
the atmosphere via, among others, the natural chemical
weathering process of silicates (other processes elaborated
in Chapter 7). Preliminary global estimates using waste
material only, for example from cement and iron and steel
manufacturing, arrive at 0.73—1.22 GtCO2/year in 2030,
excluding stockpiled waste (Renforth et al., 2012).

There are other measures that are not included in this
chapter. In April 2017 the book, Drawdown, was published
containing the 100 most substantive solutions to reverse
global warming (Hawken, 2017). Comparing the top 20 of
Drawdown with this analysis, two high-ranked measures are
missing in this chapter: educating girls and family planning.
It is expected that the quantitative impact of such measures
is mostly beyond 2030.

4.3 Can the gap be bridged: total emission
reduction potential in 2030
An overview of the estimated total emission reduction
potentials in 2030 assessed in the previous sections is
provided in table 4.1. The table shows that estimates
based on proven technologies and relatively precautionary
assumptions regarding potentials in 2030 (the ‘basic’
potential in table 4.1), leads to a total emission reduction
potential in 2030 of 33 GtCO2e/year (uncertainty 30 – 36
GtCO2e). The basic emission reduction potential in 2030
is also shown in figure 4.1. If, in addition, areas where
estimates of potentials are relatively new, and the feasibility
of realizing these in 2030 is more uncertain, are considered
(the ‘additional’ potential in table 4.1), the potential is
38 GtCO2e/year (uncertainty range 35 – 41 GtCO2e).
Importantly, even if only the basic emission reduction
potential for 2030 is considered, the estimated total
potential listed here is sufficient to bridge the emissions gap
in 2030 for 2°C (>66 percent chance) and 1.5°C (50 to 66
percent chance). It exceeds the estimated difference in 2030
between emissions under the current policy scenario and
the emission levels consistent with a likely chance of staying
below 2°C and a medium chance of staying below 1.5°C of

Figure 4.1: Total emission reduction basic potentials compared to the current policy scenario in 2030.
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about 17 and 22.5 GtCO2e respectively, as indicated in the
introduction to this chapter.
An important question is what the efforts and costs of
realizing these emission reductions are. Although it is beyond
the scope of the current chapter to answer this question in
full, a number of observations can be made. It is remarkable
that a large part of the potential consists of just six categories,
that is, solar and wind energy, efficient appliances, efficient
passenger cars, afforestation and stopping deforestation.
These six categories sum up a potential of 18.5 GtCO2e in
2030 (range: 15-22 GtCO2e), making up more than half of the
basic potential. Equally important, all these measures can be
realized at modest cost, and are predominantly achievable
through proven policies:
• Solar photovoltaics and wind energy. Many countries
around the world have targets for renewable energy and
have policies in place to stimulate its adoption. The most
dominant policy instruments are feed-in tariffs or feed-in
premiums, which have been implemented in 75 countries
and 29 states or provinces in the world, providing
long-term power purchase agreements with a specified
price or premium price per kWh for a renewable energy
technology (REN21, 2017). An instrument with increasing
popularity is competitive bidding or auctioning, especially
for large scale developments, where the renewable
energy market is mature and governments have already
achieved a degree of success with renewable installation
through feed-in-tariffs (REN21, 2017). Costs of electricity
from solar and wind electricity have already declined
to levels comparable with fossil-fuel based electricity
(Lazard, 2016), and auctions have accelerated this trend
(IRENA, 2017). Continuation of feed-in policies and/
or a shift to auctions are a straightforward and cheap
approach to rapid decarbonization of the power sector.
• Energy efficient appliances and cars. A combination of
labelling and minimum energy performance standards
are the dominant policies to stimulate the uptake of
efficient appliances. Over 60 countries have adopted or
pledged to adopt policies to shift to more energy-efficient
lighting (UNEP, 2014). Under the United for Efficiency
(U4E) public-private-partnership, UN Environment
is supporting developing countries and emerging
economies to move their markets to energy-efficient
appliances and equipment (UNEP, 2017). In terms of
performance standards for cars, several countries have
opted to implement fuel economy standards in miles per
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gallon or CO2 emission standards in gCO2 per km; these
standards exist in Brazil, the EU, India, Japan, Mexico
and the USA (ICCT, 2017). Typically, energy efficiency
standards are implemented in such a way that life-cycle
costs are minimized, hence leading to net negative costs
for the consumer. Similar policies are in place in many
countries for new building construction (UNEP, 2016).
Further continuation of these policies, scaling them up to
more countries while raising ambitions is a way forward
to limit the growth of energy use and hence reducing
emissions.
• Stopping deforestation and restoration of degraded
forests. There are several examples of policies
successfully stopping deforestation, the most largescale being the Brazilian ‘Action Plan for Prevention and
Control of Deforestation in the Amazon’, consisting of
(1) territorial and land-use planning, (2) environmental
control and monitoring, and (3) fostering sustainable
production activities. The programme led to a reduction
of the rate of deforestation by more than 80 percent.
Costs are found to be US$13/tCO2e on average (Afanador
et al., 2015; Sitra, 2015). For reforestation of degraded
forests, the scale of operations is not of that size, but
promising examples are available for China (Chen et al.,
2016), Costa Rica (Afanador et. al 2015), and the Republic
of Korea (Kim and Zsuffa, 1994). Costs are comparable
with the costs of stopping deforestation.
These are examples of a few of the options that can be
implemented at relatively low cost and based on significant
existing experience. Together they represent more than
half of the basic potential identified. Previous Emissions
Gap Reports provide many more examples of scaling up
of existing policies and programmes, as do other studies,
including the study Green to Scale (Sitra, 2015).
Although the available studies prevent an explicit, economic
assessment of all emission reduction options, there is a
relatively high degree of confidence that all options included
in table 4.1 have costs below US$100/tCO2e avoided. In
many cases, this is explicit in the source documents. For
some, however, it is not clear whether the costs will be
below US$100/tCO2e. For example, some electricity sources
may show costs above US$100/tCO2e, as there are large
variations in costs (Lazard, 2016). However, given that there
are abundant options in the electricity sector, leaving out
these options will not affect the total potential.
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Table 4.1: Overview of emission reduction potentials.
Sector

Agriculture

Category
Cropland management

0.74

Rice management

0.18

Livestock management

0.23

Grazing land management

0.75

Restoration of degraded
agricultural land
Peatland degradation and
peat fires
Biochar
Shifting dietary patterns
Decreasing food loss and
waste

Buildings

Forestry

Industry

Transport

0.52 - 0.93
0.39

Renewable heat - solar

0.21

Lighting

0.67

Additional

3.7 (2.6 - 4.8)

Basic

1.9 (1.6 - 2.1)

Basic (indirect emissions)

See energy sector
potential

Basic

10 .0 (9.3 – 10.6)

3.3

Solar energy

3-6

Wind energy

2.6 - 4.1

Hydropower

1.89

Nuclear energy

0.87

Bioenergy

0.85

Geothermal

0.73

CCS

0.53

Bioenergy with CCS

0.31

Methane from coal

0.41

Methane from oil and gas

1.78
1.6 - 3.4

Additional

0.3 (0.2 - 0.4)

Basic

2.2 (1.7 - 2.6)

Basic

3

Energy efficiency - indirect

1.9

Energy efficiency - direct

2.2

Renewable heat

0.5

Non-CO2 green house gases

1.5

CCS

1.22

Heavy Duty Vehicles potential
(efficiency, mode shift)

0.88

Light Duty Vehicles potential
(efficiency, mode shift, electric
vehicles)

2.0

Shipping efficiency

0.7

Aviation efficiency

0.32 - 0.42

Biofuels

0.63 - 0.81

Enhanced weathering
measures

3 (2.3 - 3.7)

0.97 - 2

Renewable heat - bio

Landfill gas recovery
Other

0.2
0.37 - 1.37

0.68 - 0.85

Reducing deforestation

Basic

Sectoral aggregate potential
(GtCO2e)

1.6

Existing buildings

Restoration of degraded forest

Category

0.5 - 1.7

New buildings

Appliances

Energy sector

Emission reduction potential
in 2030 (GtCO2e)

0.4
0.73 - 1.22

Basic (indirect emissions)

5.3 (4.1 - 6.5)
See energy sector
potential

Basic

5.4 (4.2 - 6.6)

Basic

4.7 (4.1 - 5.3)

Basic

0.4 (0.3 - 0.5)

Additional

1 (0.7 - 1.2)

Total basic emission reduction potential

33 (30 - 36)

Total emissions reduction potential including additional
measures

38 (35 - 41)

Note: Although for many emission reduction categories a single point estimate is given, there are always uncertainties, assumed to be ±25%. For the categories peatland
degradation and peat fires, biochar and energy efficiency, the potential in 2030 is more uncertain. Therefore, a higher uncertainty range of 50% is applied to these
categories. In the final column, the categories are aggregated to the sectoral level. The numbers in the third column are not corrected for overlap between measures.
The numbers in the final column are corrected for overlap, and this is also reflected in the total potential. Therefore, the total is smaller than the sum of the individual
potentials in the third column. The aggregate potentials for indirect emission reductions in buildings and industry are reflected in the electricity sector potential.
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4.4 Comparison with results from Integrated
Assessment Models
In this section, the results of the bottom-up sector-by-sector
assessment is compared with the sectoral emissions as
reported by a range of state-of-the-art integrated assessment
models. This is relevant because integrated assessment
models provide information on how a given climate target
can be achieved in a “least-cost” way through a full costcomparison across all sectors, and by taking account of the
interactions between the different reduction options and the
interactions with the wider economy. Since the scenarios by
definition stay within the 2°C or 1.5°C target, they bridge the
emissions gap in 2030 and the difference between emissions
levels associated with the current policy scenario and the
emissions in line with the 2°C and 1.5°C target. Hence, the
package of mitigation measures identified in the scenarios
can be viewed as successful examples of how to close the
gap. Moreover, the scenarios of the integrated assessment
models also provide the foundation for the gap analysis in

other chapters of the Emissions Gap Report. Details regarding
the baseline scenarios for the integrated assessment models
used are provided in Appendix B, available online.
Figure 4.2 compares the emission reduction potentials of
the sector-by-sector technology-based analysis with the
mitigation activities in the integrated assessment model set
for the 2°C scenario, noting that the integrated assessment
models assume a slightly higher total 2030 emission level
as described in Appendix B, available online. The average
total mitigation in 2030 in the integrated assessment model
scenarios is 23 GtCO2e, with a full range of 5 - 42 GtCO2e. The
wide range across the integrated assessment models is caused
by different reduction strategies over time and different
baseline assumptions. Overall, the integrated assessment
model range of reductions are lower than the total emission
reduction potential found in the sector-by-sector analysis,
which supports the technical feasibility of the integrated
assessment model scenarios. The sectoral breakdown
shows that in the electricity sector, emission reductions are

Figure 4.2: Comparison of mitigation in the integrated assessment models under a 2°C pathway with the emission reduction potentials
found in the sector-by-sector analysis.

Avoided Emissions (GtCO₂e/yr)
0

Category

CO₂

2

4

6

8

10

12

Electricity producon
Industry
Transport
Buildings
Other
Deforestaon/landuse change

N₂O and
CH₄

Emissions from staonary
and mobile combuson
Energy supply emissions
Agriculture

Burning of agricultural residues, savanna
burning and open burning of forest clearing
Waste
Other

HFCs

Substutes for OzoneDepleng Substances
Boom-Up Sector by Sector

2 °C IAM

2 °C IMAGE

1.5 °C IMAGE

Note: The integrated assessment model results show the results of 6 models, in terms of the mean and the range (15-85th range, thus each time exlcuding the two most
extreme models). The red dots indicate the reduction in the integrated assessment model IMAGE for both 2 °C and 1.5 °C (in some cases the IMAGE numbers are outside
the indicated range of IAM model results.)

36

The Emissions Gap Report 2017 – Bridging the gap - sectoral greenhouse gas emission reduction potentials in 2030

comparable, although the integrated assessment models
show a very wide range for this sector. This is also true for the
underlying contribution of increased use of renewable and
nuclear power, fossil fuel and CCS, fuel switch and bioenergy
and CCS. Typically, however, integrated assessment models
show a relatively high contribution of bio-energy and fossil
fuel CCS technology, certainly also for the long-term. This
highlights the importance of research and development
with respect to negative emission options, even though
their role might still be limited in the short-term. Chapter 7
further discusses this. For the various end-use sectors, the
integrated assessment models show considerably lower
emission reductions than the sector-by-sector estimates.
In the literature, this is explained by 1) the relatively large
implementation barriers complicating emission reductions
in these sectors, and 2) the possible predominant focus
of integrated assessment models on energy supply. While
the sectoral, bottom up assessment finds energy efficiency
improvements much more important than fuel switching in
the end-use sections, integrated assessment models results
show both measures to be equally important. The emission
reduction potential of biological carbon removal by means
of reforestation and increasing carbon in agricultural soil is
also less in integrated assessment models than in the sectorby-sector assessment. It should be noted, however, that in
general integrated assessment models do not consider the
option of increasing carbon in agricultural soils. Finally, for
non-CO2 greenhouse gases, a similar picture emerges: the
emission reduction in the integrated assessment model 2°C
scenarios is smaller than the total potential of the sector-bysector analysis.
It is not possible to compare the sector-by-sector analysis
with the integrated assessment models for 1.5°C, because
most of these integrated assessment model scenarios are
yet to be published (see Chapter 3). However, focusing on
the results of one integrated assessment model, the IMAGE
model, figure 4.2 shows the IMAGE results for both 2°C and
1.5°C. The figure shows that moving to the more ambitious
target requires scaling up emission reductions in several
sectors, including the electricity sector and most end-use
sectors.
In conclusion, the emission reductions of the integrated
assessment model 2°C scenarios as well as the IMAGE 1.5°C
are typically within the overall sector specific potential
of the bottom up assessment. The electricity sector is an
exception – but here it should be noted that the current
policy emissions in the bottom up assessment were lower
than for the integrated assessment models. The analysis also
suggests that predominantly further emission reductions
in the integrated assessment model scenarios could be
achieved via energy efficiency and biological carbon removal
options.

4.5 Conclusions
The assessment presented confirms that the total emission
reduction potential is more than sufficient to bridge the
emissions gap in 2030, with measures that are technically
and economically feasible, and at a marginal cost of no
more than US$100/tCO2e. The total potential exceeds the
difference between the current policy trajectory in 2030
and the emission levels consistent with a 2°C (>66 percent
chance) and a 1.5°C (50 to 66 percent chance) temperature
target.
All sectors present substantial emission reduction potentials
that add up to a total of 33 GtCO2e/year in 2030 (range:
30 – 36). This does not include emission reduction potentials
of fairly new measures (such as direct capture of atmospheric
CO2, decreasing food loss and waste, and biochar) because it
is uncertain whether these emission reductions potentials
could be realized by 2030.
Notably, six specific categories of measures have the
potential to reduce emissions between 15 to 22 GtCO2e/year
in 2030, which is more than half of the total emission
reduction potential. This is comparable to the estimated
difference in 2030 between the current policy trajectory
and the emissions consistent with the 2°C and 1.5°C target.
These six categories include solar and wind energy, efficient
appliances, efficient passenger cars, afforestation and
stopping deforestation. All these measures can be realized
at modest costs, and countries around the world have
already established policies to implement many of them. By
scaling up these measures that are relatively cheap and easy
to implement, the world could collectively get on track to
bridge the emissions gap by 2030.
To realize the full emission reduction potential, countries need
to implement ambitious policies immediately, to enable and
accelerate the implementation of the full socio-economic
potential of available measures and technologies. Most of
the studies used for the bottom-up assessment of sectoral
emission reduction potentials assume that implementation
of measures start immediately, underscoring the urgency of
pre-2020 mitigation action (see also Chapter 2).
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Chapter 5

Bridging the gap – Phasing out coal
Lead authors: Amit Garg (Indian Institute of Management Ahmedabad), Jan Christoph Steckel (Mercator Research Institute on Global Commons
and Climate Change)
Contributing authors: Jesse Burton (University of Cape Town), Julio Friedmann (Energy Futures Initiative), Frank Jotzo (Australian National
University), Gunnar Luderer (Potsdam Institute for Climate Impact Research), Pao-Yu Oei (German Institute for Economic Research / Berlin
Technical University), Michiel Schaeffer (Climate Analytics), Samantha Smith (Just Transition Centre), Fabby Tumiwa (Institute for Essential
Services Reform), Adrien Vogt-Schilb (Inter-American Development Bank), Paola Yanguas-Parra (Climate Analytics), Xianli Zhu (UNEP DTU
Partnership)

5.1 Introduction
If the temperature increase is to be kept well below
2°C by 2100, the global economy must undergo rapid
decarbonization. The power sector holds a critical role, given
the widely available and relatively cheap decarbonization
options in the sector (Kriegler et al. 2014; Luderer et al.
2017; Sachs et al. 2014; Williams et al. 2012). In most of
the scenarios consistent with limiting warming to below 2°C
in the Intergovernmental Panel on Climate Change’s (IPPC)
Fifth Assessment Report (Clarke et al. 2014), unabated coalfired power not equipped with carbon dioxide capture and
storage (CCS)1 declines rapidly, and is almost completely
phased out by mid-century2 (Audoly, Vogt-Schilb, and
Guivarch 2014; Kriegler et al. 2014; Luderer et al. 2017;
Rogelj et al. 2015; Williams et al. 2012) (Chapter 3). In the
scenarios consistent with a 1.5°C increase in global mean
temperature by 2100, the decline of the power sector’s
carbon emissions has to be even faster (Rogelj et al. 2015),
leading to a faster phase-out of power production from

coal3. The longer the world continues to use coal, the greater
the need for negative emissions technologies in the second
half of the century (Luderer et al. 2013; Riahi et al. 2015)4.
There are currently an estimated 6,683 coal-fired power
plants in operation worldwide, with a combined installed
capacity of 1,964 GW. Emissions from coal alone were
responsible for a major share of past emissions. If run until
the end of their lifetime, and not retrofitted with CCS5,
the stock of operating power plants would emit around
190 GtCO2. Furthermore, they would use a large share of the
available carbon budget for internationally agreed climate
targets figure 5.1 and table 5.1).
Coal-based power generation is the single most important
cause of carbon lock-in (Bertram, Johnson, et al. 2015;
Davis, Caldeira, and Matthews 2010)6. Without additional
policy interventions, the number of coal-fired power plants
would likely continue to increase. In early 2017, across
3

1

2
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Carbon capture, (transport) and storage (CCS) consists of three stages,
beginning with capturing CO2 from large stationary emitters, such as coal
power plants or industrial facilities, then transporting it to an underground
storage site, before compressing it in suitable geological formations.
Scenarios by the IPCC (2014) projected large-scale CCS utilization, particularly
given its potential to provide negative emissions when used in combination
with biomass plants (see also Chapter 6).
Coal is the most carbon-intensive fossil fuel, responsible for about
46 percent of global carbon emissions from fossil fuels (Olivier et al. 2016). It
is commonly categorized as steam coal (5,811 Mt; 75 percent market share),
metallurgical or coking coal (1,090 Mt; 15 percent market share) and lignite
(807 Mt; 10 percent market share), based on its material properties and end
use (IEA/OECD 2016). This chapter and most policies focus on steam coal and
lignite, which are primarily used for generating electricity.

4
5

6
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Without large-scale deployment of CCS, achieving climate targets would also
involve a large transformation of the upstream coal sector (Meinshausen
et al. 2009; Bauer et al. 2016). Between 82 percent and 88 percent
of current coal reserves are considered ‘unburnable’, compared with
33 percent–35 percent of oil and 49 percent–52 percent of gas reserves
(McGlade and Ekins 2015, see also box 5.1).
See also Chapter 7 of this report for a detailed discussion.
Today, there are 17 large-scale CCS projects operating worldwide, mostly
in combination with enhanced-oil recovery (EOR), which inject a total of
22 MtCO2/y. Two of the 17 large-scale CCS projects operating worldwide are
coal power retrofits: Boundary Dam in Saskatchewan and Petra Nova in Texas.
Each of these projects captures and stores >1M tonnes/year, and effectively
decarbonizes a unit by 90 percent. The Petra Nova project costs (‘all in’) are
roughly US$100/tonne, with analysts anticipating second and fourth project
costs for the same technology at US$80/tonne and US$60/tonne respectively.
Although some countries have very little CO2 storage resources, overall there
does not appear to be a shortage of such resources (GCCSI 2017).
Coal power plants have a long economic lifetime, often over forty years,
meaning that every new coal-fired power commits a large amount of CO2
emissions if run over its economic lifetime (Davis and Socolow 2014).

the globe there were an additional 273 GW of coal-fired
capacity in construction, and 570 GW in pre-construction
(Shearer et al. 2017). Ten countries make up approximately
85 percent of the entire coal pipeline, with 700 GW being
built or planned in China, India, Turkey, Indonesia, Vietnam,
Japan, Egypt, Bangladesh, Pakistan and the Republic of
Korea alone (Shearer et al. 2017). While a large amount of
planned power plants were shelved or cancelled in 2016 —
particularly in China and India (with reductions of 54 percent
and 52 percent, respectively, compared to 20157) — other
countries, such as Indonesia, Japan, Egypt, Bangladesh
and Pakistan, announced new investments in 2016 (with
increases of 40, 60, 784, 40 and 100 percent, respectively,
compared to 2015) (Edenhofer et al. 2017). If run until the
end of their assumed lifetime of 40 years, the plants currently
under construction (273 GW) and those planned (570 GW)
would lead to emissions of approximately 150 GtCO2, of
which 50 GtCO2 can be attributed to those currently under
construction (figure 5.1 and table 5.1).

To meet international emissions targets, further lock-ins
should be avoided (box 5.1). Nonetheless, this would
not suffice, as existing stocks and plants currently under
construction would still commit approximately 240 GtCO2
over their lifetime. Closing the emissions gap requires that
these plants run with lower capacity rates, and are phased
out before the end of their lifetime, and/or retrofitted with
CCS facilities.

Figure 5.1: Committed emissions to the atmosphere from coal-fired power plants (existing, under construction and planned) and other
economic sectors, by region.
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Source: Figure based on Edenhofer et al. (2017). Data from: Davis and Socolow (2014) and Shearer et al. (2017).
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The slowdown of China and India is significant because together the two
countries accounted for 86 percent of all new capacity between 2006 and
2016. Both countries face a marked slowdown in the anticipated domestic
demand for new coal power, due to overcapacity in China and a downturn in
solar prices in India (Shearer et al. 2017, see also section 5.3).
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Table 5.1: Committed carbon dioxide emissions for coal-fired power plants, in GtCO2, by status and region
Scenario

Announced

Pre-permitted

Permitted

Construction

Operating

Total

East Asia

12.19

12.34

6.30

30.41

126.41

187.66

South Asia

6.21

9.87

5.89

8.28

27.42

57.67

South-East Asia

7.00

5.78

2.63

5.21

8.95

29.60

European Union

0.60

0.66

0.17

1.14

7.22

9.79

Non-EU Europe

4.86

5.30

1.70

0.44

3.56

15.87

Middle East and Africa

5.83

1.16

1.94

2.14

2.46

13.52

Latin America

0.61

0.17

0.28

0.37

1.74

3.18

Eurasia

1.65

0.00

0.00

0.20

2.69

4.54

North America

0.00

0.00

0.15

0.00

8.85

9.01

Australia and New Zealand

0.00

0.00

0.00

0.00

1.14

1.14

Total

38.97

35.28

19.08

48.20

190.44

331.97

Note:
• The figures take into account the remaining lifetimes of existing plants.
• A lifetime of 40 years is assumed for newly constructed power plants.
• European Union data refers to the current 28 Member States. North America refers to both Canada and the United States.
• It is assumed that not all permitted, pre-permitted and announced power plants come online.
Source: Edenhofer et al. (2017) and Shearer et al. (2017).

Phasing out coal can have important societal benefits, going
beyond climate change mitigation. Key among these are
improved air quality, especially reduced particulate matter
and reduced emissions of sulphur dioxide and nitrogen
oxides (IEA/OECD 2016 and West et al. 2013) (Chapter 6),
and increased water availability (Zhou et al. 2016). However,
a transition away from coal can be expected to be politically
difficult (Vogt-Schilb and Hallegatte 2017). Meanwhile, cobenefits and rapidly decreasing costs of alternatives8 might
not suffice to achieve a transformation of the scale, and at
the speed, that is required to meet international climate
targets. Investment into coal can also be attractive, as it can
support other societal goals, such as cheap energy supply,
energy security or energy access (Jakob and Steckel 2016).
There is also limited evidence that long-term climate targets
alone are impacting current investment decisions. Climate
policy may not be viewed as credible by fossil fuel investors,
for whom returns on continued investment may be assured

8
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by (i) lobbying (Dolphin, Pollitt, and Newbery 2016; Kim,
Urpelainen, and Yang 2016), (ii) market design, or (iii) limited
implementation of domestic policies to meet emission
reduction targets (Nemet et al. 2017). Without credible
additional policies, coal will likely remain attractive in many
countries, due to its technological maturity, wide availability
and relatively low price (ignoring externalities) (Edenhofer et
al. 2017; Steckel, Edenhofer, and Jakob 2015).
If climate policies are to be implemented, they will need to
be supported to ease the social and economic burden of
adjustment (Trebilcock 2014). For example, distributional
effects that might result from such policies, be it by increasing
energy prices (Sterner 2012) or potential job losses in the
industry (Arent et al. 2017), can be a major stumbling block
for a transition away from coal.

In particular, the costs of renewable energy have fallen significantly and faster
than previously expected (Creutzig et al. 2017). In some places, the costs of
renewable energy (on a levelized cost of electricity (LCOE) basis) are now
lower than those of their fossil alternatives (depending on geography and
available finance).
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Box 5.1: Stranded assets
The term ‘stranded assets’ is used to describe various situations (Caldecott 2017):
• Assets that are lost because of the impact of climate change itself.
•	Man-made capital that has to be retired prematurely or is underutilized, because of direct or indirect climate policies
(such as coal power plants that become unprofitable after a carbon price is implemented) (Guivarch and Hood 2011;
Wynn 2016), or which can simply no longer compete against the falling costs of alternative technologies (BNEF 2017;
IEA-RETD 2016).
•	Fossil fuel resources that cannot be burned if a given climate target is to be reached, also called ‘unburnable carbon’
(McGlade and Ekins 2015).
A number of studies have shown that the 2°C target requires early retirement of coal power plants (Guivarch and Hood
2011; Pfeiffer et al. 2016; Rogelj et al. 2013), and that the longer ambitious mitigation action is delayed, the more the
rate of retirement increases (Bertram, Johnson, et al. 2015; Johnson et al. 2015; Luderer et al. 2017). Iyer et al. (2015)
estimate that catching up with 2°C-consistent pathways would involve stranding about 1,500 GW of coal and gas power
plants worldwide after 2030, while Johnson et al. (2015) estimate that a carbon price consistent with the 2°C target
would strand at least US$165 billion worth of coal plants worldwide.
Furthermore, stringent emission reductions translate into substantial upstream unburnable carbon assets, where the
emissions embodied in fossil fuel reserves already exceed extraction budgets consistent with 1.5°C or 2°C (McGlade
and Ekins 2015), while OCI (2016) have calculated that developed coal reserves (that is, current mining areas) already
exceed the budget for the 1.5°C target. The lower capital intensity of coal (compared to oil and gas) means lower
costs of stranding, but does point to both loss of value invested in coal producers (about US$800 billion according to
IRENA (2017b), and potential wasted capex in mining (worth US$177 billion) if climate policies are later implemented
successfully (Carbon Tracker Initiative 2015). Investor-owned firms hold lower reserves than state-owned companies
and nation states, thus state-owned companies and nations may pose a greater risk to exceeding the carbon budget
(Heede 2014; Heede and Oreskes 2016), equity considerations notwithstanding (see also section 2.2).

Market-based instruments

5.2	Incentivizing and managing a smooth
transition
Policy instruments will be needed to incentivize the transition,
both with respect to avoiding lock-ins, and facilitating the
phase-out of existing stocks, including retrofitting them with
CCS where feasible9.

5.2.1 Policy instruments

Global climate policies in general can be organized along
different metrics: market-based economic instruments
(notably taxes and subsidies, tradable allowances or credits,
and border tax adjustments) (Kolstad et al. 2014), regulatory
non-market-based approaches (such as standards, and
non-compliance penalties), and complementary policy
instruments (notably government provision of goods and
services) (Oei and Mendelevitch 2016). It is increasingly
acknowledged that a transition to a low-carbon economy will
require adjustment to a variety of fiscal and normative rules
that have an impact on investment decisions (OECD 2017).
This section assesses possible policy interventions, and how
their introduction can be managed in a socially balanced
way. Coal phase-out would have different requirements in
different geographies for existing coal plants, recently built
coal plants, and those in the pipeline. Therefore, a different
combination of these instruments might be necessary.

9

The economically efficient approach to cutting global coal
use (without CCS), as part of an overall drive to reduce
carbon emissions, would have governments remove coal
subsidies, enforce Pigouvian taxes on local air pollution,
and use a carbon price to internalize the global warming
impacts of burning coal. A carbon price creates incentives
for markets to use all available levers to reduce emissions,
and should theoretically result in a broadly cost-effective
overall emissions reductions outcome (Cramton et al. 2017;
Nordhaus 1991; Pearce 1991; Pigou 1920). Pricing carbon
strongly disincentivizes the use of coal, as it is the most
emissions-intensive fossil fuel.
Many countries have emissions trading and other forms
of carbon pricing schemes in place that, in 2016, covered
13 percent of global greenhouse gas emissions (World Bank
and Ecofys 2016). However, the resulting carbon prices are
typically much lower than the social cost of carbon (the
estimated monetized negative impact of climate change
caused by greenhouse gas emissions) and lower than the
rates required to achieve significant reductions in coal use.
Instead of being taxed, in many countries fossil fuel
consumption and production are subsidized, with fiscal
subsidies to fossil fuel production and use being estimated
to be over US$300 billion, or around 0.4 percent of global

Note that application of CCS in the coal sector might result in a prolonged
usage of coal and therefore allow for a longer transition period.
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gross domestic product in 2015 (Coady et al. 2016)10.
Most of these fiscal subsidies were for oil and gas, with
only a relatively small amount for coal. The picture changes
dramatically once the lack of taxation of negative externalities
of fossil fuel use is accounted for. Comparing actual taxes on
coal with the estimated damage to society from air pollution
reveals an implicit global subsidy to coal of US$2,400 billion
in 2015, or US$3,100 billion (half of total implicit to all fossil
fuels) if the damage to climate is accounted for (Coady et al.
2016).
In the absence of full implementation of carbon prices, coal
taxes could potentially reduce carbon leakage (Collier and
Venables 2014), provide credible long-term price signals, and
reduce (or even avoid) carbon lock-ins (Lazarus, Erickson,
and Tempest 2015). When coordinated among major coalproducing countries, they could raise global coal prices and
lower global coal consumption, and hence reduce emissions
(Mendelevitch, Richter, and Jotzo 2015).

Non-market-based instruments
Implementing carbon prices that are sufficiently high might
not be politically feasible (section 2.2). Hence, complementing
a carbon price — or even temporarily substituting it —
with alternative policy instruments such as performance
standards, feebates, or targeted financial instruments
(such as subsidized loans) that apply only to new, clean
power plants can avoid early retirement of existing plants,
thus preserving vested interests, and ease the phase-out
(Bertram, Johnson, et al. 2015; Rozenberg, Vogt-Schilb, and
Hallegatte 2017). Preventing the construction of new assets
is especially vital in countries that currently invest in coal
(figure 5.1 and table 5.1). In contrast to a high carbon price,
standards, mandates or feebates on new power plants do
not prompt current producers to underutilize existing coal
plants. While they would avoid stranded assets (box 5.1),
they would likely redirect new investments towards greener
options. Stated differently, the stock of coal power plants
would stop increasing, and instead decrease progressively as
plants aged and were retired (Rozenberg, Vogt-Schilb, and
Hallegatte 2017).
Another policy option in this direction is to enact a
moratorium (a ban) on new coal power plants or coal mines
beyond a specific timeline (Bertram et al. 2015; Pfeiffer et al.
2016; Rozenberg, Vogt-Schilb, and Hallegatte 2017). Those
approaches can have advantages in political economy terms,
in that they impact owners of existing coal power plants
and mines less, and hence reduce resistance to change
(Rozenberg, Vogt-Schilb, and Hallegatte 2017). When a high
carbon price is not feasible, typically due to political economy
considerations, a low price coupled with a moratorium and
other complementary policy instruments, such as support
for low-carbon electricity generation capacities, could
indeed help make progress towards the 2°C target, while
drastically limiting stranded assets (Bertram et al. 2015).

10 We added together ‘pre-tax subsidies’ and ‘foregone consumption tax
revenue’ from IMF figures to calculate this total, which we call ‘fiscal subsidy’.
The IMF adds the failure to internalize externalities related to fuel usage to
arrive at its headline ‘fossil fuel subsidy’ figure.
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Complementary instruments
Even if complemented with non-market-based instruments,
carbon prices alone would fail to overcome other market
failures, notably network externalities or imperfections in
the capital market. While usually assumed to play a key role
in future electricity supply, renewable energy technologies,
such as wind or solar power, require additional infrastructure
to provide a reliable electricity supply (IPCC 2014)11. To
support their increased deployment, governments can
invest in improved grid infrastructure and storage facilities to
address variable availability (Hirth, Ueckerdt, and Edenhofer,
2015). Smart grids, including bidirectional power flows and
metering at the individual level, could further enhance
system efficiency, in turn increasing the market share of
clean technologies (Iqtiyanillham, Hasanuzzaman, and
Hosenuzzaman 2017; Meadowcroft et al. 2017; Rifkin 2011).
Being more capital-intensive than coal, low-carbon
technologies are sensitive to perceived investor risks, both
political and financial, and to other capital market constraints.
For example, regional differences in the weighted average
costs of capital play a more important role in evaluating
investments in renewable energy technologies than differing
natural conditions, such as differences in solar irradiation or
wind potentials (Ondraczek, Komendantova, and Patt 2015,
for photovoltaic technologies). These differences can lead to
carbon prices alone being unable to trigger a transition away
from coal (Hirth and Steckel 2016).
To address the existing investor risks, and improve the
attractiveness of alternatives to new coal investments,
instruments for de-risking clean investment are suggested
for all financial institutions and governments across the
world. These include, for example, support for policy
design, identification and removal of regulatory hurdles,
improvement of institutional capacity, and provision of
bridging investment subsidies. Such financial de-risking
instruments can transfer risk from private investors to public
actors. A range of ‘private sector instruments’, such as
guarantees, subordinated debt or equity, is already available
(Torvanger et al. 2016). National or multilateral development
banks could employ public financing to mobilize private
investments, which contribute to a declared development
target. Concessionary climate finance can also be used
to de-risk low-carbon investments (Steckel et al. 2017),
while coal investment could also be made less attractive.
In 2016, public finance by G20 countries for coal projects
outstripped financing for renewable projects by four to one
internationally (Chen 2017).

11 Additional infrastructure investments would also be necessary for increasing
the deployment and use of CCS. Recent trends suggest that a large-scale
utilization of CCS as decarbonization technology for the electricity sector is
unlikely, as the combination of renewables with storage and demand-side
technologies provides the cheaper alternative (Breyer et al. 2017; Löffler et
al. 2017). Nevertheless, large-scale power storage technologies to match
demand–supply mismatches is still a technological challenge and requires
additional research (Annaluru and Garg 2017; Park and Lappas 2017).
Critically, the ministers of 26 countries agree that without overt policy
support (as has been provided in the past to renewable, nuclear, and power
storage technology), CCS will encounter challenges entering the market and
achieving emissions reductions.
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5.2.2 Managing the transition

Some of the stakeholders negatively impacted by the
transition away from coal, including workers, coal owners,
and energy users relying on low prices, may have the power
to veto proposed reforms (Arent et al. 2017; Kern and
Rogge 2016; Sovacool et al. 2016; Trebilcock 2014). As one
example, governments that have tried to pass fossil fuel
subsidy reforms on the grounds of technical soundness and
administrative feasibility, without taking into account the
political economy of reforms, have often failed (Bazilian and
Onyeji 2012; Rentschler and Bazilian 2016; Sdralevich, Sab,
and Zouhar 2014).
A review of previous experience with reforms in the energy
sector provides guidance on measures to navigate the
political economy of phasing out coal (Fay et al. 2015; Louie
and Pearce 2016; Sovacool et al. 2016; Vogt-Schilb and
Hallegatte 2017)12. These include managing the impact on
workers, coal owners, industry and energy users, as well as
the role of communication.

Managing impacts on workers
A transition away from coal affects many different groups of
workers. Historically, transitions away from coal have often
left workers and communities to bear the brunt of job losses
and deindustrialization (Caldecott, Sartor, and Spencer
2017; Trebilcock 1981). While macroeconomic analyses of
the employment impact of switching to more renewable
energy usually find net job creation (Cameron and van der
Zwaan 2015; Perrier and Quirion 2016; Ragwitz et al. 2009;
Wei, Patadia, and Kammen 2010), they may mask job losses
in other locations, and might hence be a poor indicator for
a just transition13. Indeed, case-by-case analyses are often
needed to assess the kinds of jobs created, their wages and
conditions, the skills required by these jobs, and whether
they can be accessed by roughly the same population group
affected by a coal phase-out (Miller, Richter, and O’Leary
2015).
Support, such as wage subsidies (to encourage hiring
in expanding sectors) and unemployment insurance for
displaced workers, can help effectively mitigate most of the
losses at generally modest costs (Louie and Pearce 2016;
Porto 2012). More generally, research on past transitions
shows that social dialogue, social protection and economic
diversification are instrumental in ensuring just transitions
(Caldecott, Sartor, and Spencer 2017; Galgóczi 2014;
Healy and Barry 2017). This can be expected to be more
challenging in developing countries, where resources and
institutional capacities are scarcer and the mining workforce
is semi- or unskilled.

Managing impacts on coal owners and industry
A coal phase-out would lead to a devaluation of existing
coal assets (section 5.1 and box 5.1). In a situation in which
12 Including energy taxation, energy subsidy removal, and carbon taxes, as well
as adjustment packages for, and re-training of, energy sector workers.
13 The International Labour Organization has has produced the Guidelines
for a Just Transition Towards Environmentally Sustainable Economies and
Societies for All (International Labour Organization 2015), which are explicitly
recognized in the Paris Agreement (United Nations 2015).

the competitiveness of other industries was reduced, for
example following a potential increase in energy prices
associated with a coal phase-out process (Branger and
Quirion 2014), the prospects of successfully completing a
coal phase-out process would be compromised14. Model
analyses find that losses incurred by coal owners could
be compensated by governments redistributing a fraction
of the carbon rent15 (Arent et al. 2017; Bauer et al. 2016;
Goulder and Schein 2013; Kalkuhl and Brecha 2013). Several
countries or regions, such as Alberta in Canada, have coal
phase-out agreements, to ensure an efficient, progressive,
and politically acceptable reduction in coal power
generation (Jordaan et al. 2017)16. In the United Kingdom,
compensatory subsidies were given to support the industry
in its efforts to compete in the reformed electricity market
(Oosterhuis and Brink 2014).

Managing impacts on energy users
The negative impacts of a coal phase-out on poor and
middle-class energy users, notably through increased
electricity prices, can also challenge the political feasibility
of reforms, regardless of the progressivity or regressivity
of increased coal prices on consumers (Lindebjerg, Peng,
and Yeboah 2015; Arze del Granado, Coady, and Gillingham
2012)). Compensatory redistributive policies can mitigate
the distributional impacts to a large extent, especially if a
fraction of revenues is recycled into transfers to poor and
middle-class households (Brenner, Riddle, and Boyce 2007;
Burtraw, Sweeney, and Walls 2009; Callan et al. 2009; Coady,
Parry, and Shang 2017; Gonzalez 2012; Liang and Wei 2012;
Rausch, Metcalf, and Reilly 2011; Symons, Proops, and Gay
1994). This can be done through different instruments that
specifically target the subset of the population that is directly
affected. For example, direct cash transfers can be used as
compensatory measures, where appropriate systems exist
(Rentschler 2015; Robles, Rubio, and Stampini 2015; World
Bank 2015). Alternatively, compensation can be offered
through in-kind measures, such as electrification in poor
and rural areas, distributing efficient light-bulbs, improving
public transport, or eliminating fees at government-run
schools (Coady, Parry, and Shang 2017; Fay et al. 2015; Garg
et al. 2017).
Redirecting resources, from coal use to the provision of
public goods, helps governments garner support for coal
phase-out plans (Stiglitz and Stern 2017). For instance,
governments can use revenues from taxation or savings from
avoided fossil fuel subsidies to invest in public infrastructure
(Jakob et al. 2016, 2015), energy infrastructure17, or social
assistance (Hallegatte et al. 2016). Governments can also
14 These kinds of dislocations played a role in the 2016 US elections, where
loss of coal jobs over the past 20–30 years affected entire communities and
states, leading to massive shifts in voting behaviour.
15 The ‘carbon rent’ describes the economic value of being allowed to emit,
which would be captured by governments implementing a carbon price, that
is a tax or an emissions trading scheme.
16 To do so, the government of Alberta committed to “provide transition
payments to the companies which were originally slated to operate their
coal-fired units beyond 2030”. These payments “represent the approximate
economic disruption to their capital investments” (Government of Alberta
2015).
17 See, for example, the case study on India, in Section 5.3.
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use those savings to reduce income taxes and payroll taxes,
to correct impacts on those consumers who do pay taxes
(Metcalf 1999).
Cash transfers (to directly affected communities) and tax
reductions (benefiting all citizens) are not necessarily
mutually exclusive (Parry and Williams 2010). Indeed, a
combination of transfers and a reduction of distortive taxes
funded by energy taxes could foster more progressive income
distribution patterns, and drive a reduction in low-cost coal
usage (Bach et al. 2002).

Communicating policy packages
Communicating potential benefits and involving stakeholders
is an essential precondition for a successful transition away
from coal (Healy and Barry 2017). Coady et al. (2017),
comparing 32 energy pricing reforms, found that the
absence of an effective communication strategy was decisive
in unsuccessful past reforms.

5.3 Country studies
This section presents policies, measures and instruments
being used by major coal users and producers around
the world, to highlight the challenges and opportunities
associated with coal phase-out. Success rates differ and
major gaps need to be bridged for a quicker phase-out.
However, the breadth of positive experiences is enough to
offer a buoyant outlook on the overall direction.

5.3.1. Australia: coal exports and policy challenges

In Australia, which has relied heavily on its abundant coal
reserves for domestic electricity production, transitioning
away from coal is likely to pose significant policy challenges.
It is widely anticipated that the number of coal-fired power
plants will continue to decline, as plants come towards the
end of their planned lifetimes. A number of older coal-fired
power plants have been shut down, and new coal-fired
capacity is now widely seen as ‘uninvestable’ by the private
sector, due to carbon risks and because renewable energy is
rapidly gaining a cost advantage (Morgan 2017).
Being the world’s second largest coal exporter18, the even
bigger question is the future of coal exports. Thermal coal
exports, which are directly dependent on other countries’
climate change policies, currently stand at around 200
million tonnes per year (Australian Government 2017),
almost double the volume from a decade ago. Large-scale
expansion of coal mining for export from inland areas of
north-eastern Australia is under discussion.

Australia is the only country that introduced a full-scale
carbon pricing scheme (in 2012) and then abolished it (in
2014). Policy uncertainty is deep-seated in the energy sector,
stifling investment (Jotzo, Jordan, and Fabian 2012).

5.3.2 China: slowly turning the wheel

Being the world’s largest consumer of coal (BP, 2017), and
relying largely on coal in its energy supply, China has (in its
Nationally Determined Contribution) committed to achieve
a peak in coal emissions by 2030, and eventually diversify its
energy supply. Since 2013, coal consumption seems to have
stalled, with some claiming that the period of major growth
in China’s coal consumption is already over (IEA 2016) or that
China’s coal consumption has already peaked (Green and
Stern 2017; IEA 2016).
While it is too early to interpret current developments,
China is adopting a wide range of cross-sectoral policies and
measures to reduce its coal production and consumption,
largely motivated by the need to tackle local air pollution
(Chong et al. 2015; Hao et al. 2016). Specific policies include
phasing out coal in key cities and regions to improve air
quality, improving the efficiency of coal-fired power plants
and industrial boilers and furnaces, mandatory closure of old
and inefficient coal mines, as well as coal-fired power plants,
and industrial facilities. For instance, during the 2011–2014
period, 24 GW of coal-fired power plants and 473 million
tonnes of coal production capacity were closed (Hart,
Bassett, and Johnson 2017; NDRC 2016). The Government
also promotes the development of low-carbon energy
sources, for example by feed-in tariffs for renewable energy
and granted grid access. The newly introduced carbon
dioxide emissions trading scheme can also be expected
to make coal consumption relatively unattractive (Swartz
2016). In addition, to address the overcapacity of industries
and power generation, the Government has also halted
the approval of new capacity19, although it remains to be
seen how many of these projects will be cancelled or just
postponed until after 2020. To soften the social side effects of
closing insolvent, polluting and inefficient state-owned coal
mines, an Industry Adjustment Fund has provided Chinese
Yuan100 billion (approximately US$15 billion) to manage
unemployment in the steel and coal sectors (NDRC 2016).

There is currently no policy to accelerate the phase-out
of coal in domestic use, and no systematic framework to
ease the transition away from coal in regions where large
coal-based infrastructure exists, or where coal is mined.
Australia’s experience with climate policy has been a
difficult one, with the issue heavily politicized, and emission
reduction policy instruments the subject of political contest.

Despite those developments, China still added 14 GW of
new coal-fired power generation capacity during the first
half of 2017. Even though this increase is 52 percent smaller
than that during the same period in 2016 (CEC 2017), at the
beginning of 2017 there were still 280 GW in the pipeline,
of which 145 GW were under construction (Shearer et al.
2017). Facing a marked slowdown in new coal capacity
in the country, the central government has encouraged
Chinese coal enterprises to seek opportunities outside the
country (Bal Kishan Sharma 2016). In recent years, China
has become a major player in developing coal-fired power
plants abroad, including providing the funding, equipment
and labour. By the end of 2016, China had been involved in
the construction of a total capacity of 250 GW of coal-fired

18 Note that Australia is the largest exporter of coal when also accounting for
metallurgical coal.

19 In the second half of 2016, 120 GW acronym of power plant capacity under
construction and planned were halted (Zhang 2017).
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capacity at different stages (that is, from the planning phase
to plants that were operational in 2016) across the globe
(Ren, Liu, and Zhang 2017).

address a transformation might also negatively impact future
approaches to European Union climate policy (Marcinkiewicz
and Tosun 2015).

5.3.3. Europe: Learning from past experiences

5.3.4. India: balancing multiple objectives

In terms of managing a coal phase-out, trends in European
countries are diverging, roughly along an east/west divide.
Most Western European countries have either already
phased out coal (Belgium, Cyprus, Luxembourg, Malta, and
the Baltic countries), agreed on a phase-out path within
the next 10 years (Portugal, Finland, the United Kingdom,
Denmark and Austria), or are currently discussing pathways
with declining coal demand in the medium term (Germany,
France, Spain, Italy and the Netherlands) (Graichen, Kleiner,
and Buck 2016). Lessons from these experiences can be
drawn to design future coal phase-out pathways. The closure
of most steam coal mines in Western Europe (located mainly
in the United Kingdom and Germany) at the end of the 20th
century was based on economic reasoning. Public subsidies
were granted with the aim of securing supply and easing the
social impact of reduced coal production (Fothergill 2017;
Galgóczi 2014; Matthes et al. 2015). Local supplies were at
first replaced by steam coal imports, and eventually also by
natural gas. The latter was supported by European Union
policies, in combination with national measures such as the
introduction of a carbon dioxide price floor and emission
performance standards in the United Kingdom (Fothergill
2017; Matthes et al. 2015).
Public financial support in Western Europe has been shifting
from conventional technologies such as coal (or nuclear)
towards renewables. Energy transitions, as seen in countries
such as Denmark (Danish Energy Agency 2017; Gerdes 2016)
and Germany (Matthes 2017; Renn and Marshall 2016), have
been facilitated by cooperation between unions, employers,
governments and research institutions, in a continuous
process spanning several decades (Sovacool 2017).
In Eastern Europe, countries (most notably Poland) continue
to support coal-fired electricity with the aim of backing
up their domestic coal production. Energy security and
energy prices are major political concerns, while European
Union climate policy and the German “transition towards
sustainable energy” are regarded rather critically across
political parties (Bouzarovski and Tirado Herrero 2017;
Marcinkiewicz and Tosun 2015; Szulecki et al. 2016). As
a consequence, coal mining companies, under economic
pressure due to the plummeted global coal prices, are
given (indirect) state subsidies or are renationalized (Jonek
Kowalska 2015; Widera, Kasztelewicz, and Ptak 2016).
Debates on potential coal phase-out scenarios are met with
great scepticism, due to previous negative experiences with
(coal sector) restructuring programmes having resulted in
high unemployment, as they failed to create jobs in other
sectors (Suwala 2010; Szpor 2017). However, missing the
opportunity to start the necessary structured phase-out
process might result in difficulties to transform the industry
in a socially balanced way, risking much bigger complications
in the future for the regions involved. In turn, in some
countries, ongoing lock-ins and related unwillingness to

India’s starting point is the urgent need for poverty alleviation
and more energy for development: in 2016, 21.9 percent of
Indians lived below the national poverty line, while more
than 240 million people lacked access to electricity (ADB
2017; IEA 2016). The country, in line with many others, faces
a dilemma in addressing its developmental goals: it needs to
respond to demands in poverty reduction, energy access and
urbanization, while reconstructing its development pathway
towards a cleaner energy system that has been coupled
historically with fossil fuel use (Arent et al. 2017).
Coal has remained the mainstay of India’s electricity
generation, contributing 61 percent of total national
generation capacity (Central Electricity Authority
Government of India 2016). With the goal of providing
power more efficiently to more people, India is investing in
modernizing its power plant fleet. Since 2006 the country has
added 151 GW of new coal power, making a total of 218 GW
as of June 2017, with about 75 percent of this capacity being
subcritical (Shearer et al. 2017). Coal-based power plants
closed or declared non-functional due to their inefficiency
and pollution amounted to 18.5 GW in 2013–2014, 23 GW in
2014–2015, 26.8 GW in 2015–2016, and 30.5 GW in 2016–
2017) (Ministry of Power, Government of India, n.d.). There
are plans to shut down about 37 GW of antiquated, heavily
polluting subcritical coal plants in the near future (Singh
2016).
Coal use in India is subject to a form of carbon tax. Total
collections of around US$ 9 billion until June 2017 are mainly
used to support renewable energy programmes. India
plans to install 175 GW of renewable power by 2030, which
includes 100 GW of solar photovoltaic power (GoI 2015).
4 GW of solar-powered capacity was added to the grid in
2016, that is double the addition of the previous year (IEA
2017).
Energy security concerns are often presented as a major
barrier for India to quickly and decisively turn away from
domestic coal (Garg and Shukla 2009). In addition, coal
production, transport and usage and ash disposal employ
almost one million people20. Income from coal royalties
constitutes almost 50 percent of total earning of states
such as Chhatisgarh, Jharkhand and Odisha (Mondal 2017),
which are some of the least developed large Indian states.
Therefore, and perhaps more so than in other countries, coal
use policies have strong socio-economic and sociopolitical
linkages. A successful energy transition in India hence
requires a broader perspective that includes economic
development and measures that balance the associated
social transformation, notably protecting displaced workers
(Khosla et al. 2015; Reddy 2016).

20 Coal mining is the second largest employer in India (the largest is the railroads,
which ship coal as their number one product and revenue source).
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5.3.5. Indonesia: covering increasing demand with
domestic resources

In 2015, Indonesia was the world’s fifth largest coal producer
and the largest steam coal exporter in the world, exporting
mainly to neighbouring countries, such as China, India, Japan,
the Republic of Korea, and the Philippines (IEA/OECD 2016).
In the last two decades, coal production has accelerated
sharply, but the most recent years have seen a decrease
in both production and exports, particularly to China and
Japan. Coal contributes to 2.4 percent of Indonesia’s gross
domestic product (GDP), and in 2014 led to US$22 billion in
exports (PWC Indonesia and ICMA 2016).
With Indonesia increasingly using its coal for domestic
purposes, it is now also the world’s eighth largest coal
consumer. About 27 GW of coal capacity provide more than
half of the electricity generated in the country (MEMR 2016).
Existing power plants are comparably inefficient and have
low environmental standards, leading to high emissions of
nitrogen oxides, sulphur dioxide, and particulate matter
(Centre for Science and Environment 2017).
Indonesia’s electricity demand is expected to increase
rapidly, as millions will gain access to electricity (Enerdata
2015). The country aims to provide an increasing share of
energy by domestic sources, including coal, although due
to lower-than-expected economic growth rates, 7 GW of
planned coal-fired power plants were recently deferred in
Sumatra and Java. The state-owned utility (PLN) nevertheless
estimates that, in the next decade, 77 GW of additional
capacity will be needed, of which 32 GW are planned to be
covered by coal plants (MEMR 2017). Building those would
cause coal use for electricity generation to triple by 2025. To
secure domestic supply, the country has announced in its
National Energy Plan that it will regulate exports.
Indonesia is also rich in other energy sources. The country
is a large producer and exporter of natural gas, and has
large potential for renewable energy, not only in solar,
wind and biomass, but also hydropower and geothermal
power, the latter of which could, in some cases, produce
power at a relatively low cost (IRENA 2017a). There are
plans for exploration and possible significant expansion of
hydropower and geothermal power, but implementation
tends to face significant practical hurdles.

5.3.6. South Africa: political lock-in

The lock-in of interests, institutions, and infrastructure may
slow down the process of coal phase-out in South Africa,
despite economics favouring low-carbon alternatives.
South Africa is a good example of how the politics of a
country may make incentivizing a transition away from
coal substantially more difficult. The country depends on
coal for the production of 90 percent of its electricity, in a
sector dominated by the state-owned, vertically integrated
monopoly Eskom (Eskom 2017).

and Eskom is building, new coal-fired capacity at costs that
are approximately 40–50 percent higher than the prices
achieved for wind and solar photovoltaic in recent renewable
energy auctions (CSIR 2016). Independent power producers
will receive 30-year power purchase agreements and
guaranteed minimum off-take (Baker and Burton, in press).
A regulated electricity price, state subsidies, and guarantees
on Eskom’s debt have offset the large cost and time overruns
at plants under construction. Stated differently, although
new coal-fired capacity is no longer competitive, as the
state-owned monopoly Eskom is not subject to competitive
electricity markets, investors in new coal plants are
essentially guaranteed returns on their investments through
the institutional arrangements in the electricity sector.
Furthermore, the grid operator Eskom is able to limit a rapid
transition, as it compares long-term prices for new capacity
against the fuel costs of depreciated coal plants, without a
clear differentiation in the market between overall system
efficiency and Eskom’s financial interests.

5.3.7. United States of America: cheap alternatives

A dramatic reduction in coal use by United States power
utilities was facilitated by several factors. First and foremost
was the availability of abundant low-cost natural gas, and
some expectation that costs would remain low indefinitely.
Two major studies (DoE 2017b; Houser, Bordoff, and
Marsters 2017) support this view, stating that low-cost gas
drove the majority of coal-to-gas fuel changes. Additional
factors included conventional pollution controls (such as
regulations to reduce mercury emissions), concern over
carbon liability (notably through the Clean Power Plan,
but also through shareholder votes), and the age of many
shuttered plants (some over 60 years old). This suggests
that access to sustained low-cost gas can accelerate a coalto-gas transition. Similarly, in regions where gas is scarce or
expensive, that transition would be slower (Citi GPS 2015).
It should be noted that further closures will continue, but
will likely plateau as the oldest, dirtiest, and least efficient
plants close.
Recently, a number of policy proposals have emerged to
incentivize the deployment of CCS. One of the more promising
approaches concerns a production tax credit for CCS, which
pays operators for tonnes stored or used (the FUTURE Act
(US Senate 2017)). By guaranteeing a fully refundable tax
credit for 12 years of US$50 for saline formation and US$30
for carbon dioxide use (including Enhanced Oil Recovery),
its goal is to create markets for CCS technology and projects
such that project financing is possible. Additional proposed
policies include a combination of production and investment
tax credits (White House 2016, 2015), changing renewable
portfolio standards to clean energy portfolio standards (Great
Plains Institute 2016), building CCS pipeline infrastructure
(DoE 2017a), providing access to master limited partnerships
(Coons 2015), and tax-exempt debt financing (Portman
2017).

In scenarios compatible with the 2°C target, coal-fired
electricity is phased out before 2050 (Burton et al. 2016).
Nonetheless, independent power producers are planning,
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5.4. Synthesis and policy discussions
Phasing out coal consumption in the power sector (without
CCS) is an indispensable condition for achieving international
climate change targets, but one that is at odds with recent
developments. At the global scale, the stock of coal-fired
power plants is increasing, as are emissions related to coal.
The existing stocks, in combination with what is currently
planned and built (assuming standard lifetimes and usage
rates), will account for a significant share of the available
carbon budget for a 2°C target, and would make a 1.5°C target
probably infeasible. Avoiding further lock-ins is therefore a
major and urgent requirement, as is phasing out existing coal
use gradually.
Coal is mainly used in the power sector, where cleaner and
mature technological alternatives are available at increasingly
lower costs. However, the low price (ignoring externalities)
of coal, wide domestic availability, and path dependencies
under a business-as-usual scenario could make coal an
ongoing large investment. Its negative externalities, such
as air pollution, land degradation and airborne emissions,
are regularly not priced in, leading to economic incentive
structures that favour the extraction and use of coal over
clean alternatives. Particularly where energy demand is
increasing rapidly, investments in coal are still attractive.
While case studies suggest that new coal plants are being
considered increasingly risky and new investment growth is
slowing down, stronger policy interventions are needed to
turn the tide.
With regard to a transition away from coal, it is hence
pivotal to price in the negative side effects of coal through
appropriate mechanisms. Increasing prices would affect
the current stock as well as future investments, by making
current plants as well as future investments less attractive
than other alternatives. Subsidies for coal, where they apply,
should be phased out immediately. On the other hand, a
carbon price, or pricing coal directly (for example in coalproducing countries) needs to be phased in very soon. This
would generate revenues that in turn could help ease the
transition, for example by financing public infrastructure,
social security systems or investments in clean energy
infrastructure.
Even though getting the prices right is highly important,
a transformation will likely need to be backed by a set of
complementary policy instruments. Their implementation
can be expected to be politically challenging. Even though
they increase global welfare, policies necessary to phase
out coal will negatively affect a society’s important interest
groups; not only producers and owners of coal, but also
workers that are employed in the industry, and households
or energy-intensive industry that benefit from current
low energy prices. These groups might have the power to
veto measures necessary to trigger the transformation.
Therefore, for a transformation to be successful, their
interests need to be taken into account and addressed by
additional measures, be it compensation for higher prices or
lost business models, training for workers or the provision
of alternative employment options. Examples for successful

transformations include introducing phase-out agreements
between important stakeholders in a country, phasing out
inefficient plants first, reducing coal subsidies and promoting
renewable energy.
Scenarios that achieve temperature stabilization well below
2°C do not envisage any further room for new investments
into coal. Given the difficulty of retiring or phasing out coal
once plants are built, it is even more important to ensure
that no new coal-fired power plants are constructed, and
that carbon lock-in from coal is reduced to a minimum.
Financial institutions worldwide should realize that financing
coal is quickly becoming riskier, as these investments
would become stranded. Energy investments are, however,
required to tackle energy poverty in many developing
countries, and to upgrade energy infrastructure even in
many developed countries, which will need to move towards
alternatives. Countries should ensure that alternatives
can enter the market easily. This requires investments in
the smart grid infrastructure and storage capacities that
facilitate the integration of variable, low-carbon alternatives.
Additionally, investments in alternatives to coal (such as
renewable sources of energy) should be supported, for
example by de-risking investments for investors.
Considering the very recent developments of the coal
pipeline (that is, power plants that are planned or under
construction) gives some reason for hope. The pipeline
decreased significantly in 2016 (compared with 2015) and
many power plants that were planned have been shelved
or even cancelled. Important emerging economies that are
largely dependent on coal, such as China and India, have
announced policies that address coal consumption from
various angles, including price mechanisms and policies that
can socially support a transformation.
However, despite the coal pipeline shrinking, there are still
large investments in new coal capacities. Some countries
have recently announced that they will invest more heavily
in coal (often alongside large investments in renewable
energy), primarily to cover their increasing energy demands.
A transition away from coal will only be successful if poor,
fast-growing countries seek low-carbon alternatives to
cover their rapidly increasing energy demand. Making
those alternatives viable will require strong policies around
the globe. Developing and newly industrializing countries
will likely need support from the international community
to design and implement the policies that are needed
to achieve multiple societal objectives, including energy
provision and achieving climate change mitigation targets.
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Chapter 6

Bridging the gap – The role of
short-lived climate pollutants
Lead authors: Zbigniew Klimont (International Institute for Applied Systems Analysis), Drew Shindell (Duke University)
Contributing authors: Nathan Borgford-Parnell (UN Environment), Lena Höglund-Isaksson (International Institute for Applied Systems
Analysis), Steffen Kallbekken (CICERO Center for International Climate Research), Johan Kuylenstierna (Stockholm Environment Institute
at York), Luisa Molina (Molina Center for Energy and the Environment/ Massachusetts Institute of Technology), Leena Srivastava (TERI
University), Shu Tao (Peking University), Chandra Venkataraman (Indian Institute of Technology Bombay)

6.1 The contribution of SLCPs to climate
change – Introduction and framing
This chapter outlines the opportunities to reduce the
emissions gap afforded by limiting emissions of short-lived
climate pollutants (SLCPs). This is a topic that has not been
included in previous Emissions Gap Reports.
Greenhouse gas (GHG) emission reduction policies
contribute to varying degrees to reducing emissions of SLCPs:
while methane sources are covered, black carbon sources
are only partially covered (for example, through policies
to regulate emissions from diesel engines). In light of this,
and given that SLCPs have a relatively short residence time
in the atmosphere, implementing targeted SLCP reduction
measures can provide rapid reductions in global warming.
For this reason, this chapter focuses on measures that are
specific to SLCPs.
Anthropogenic climate change is largely driven by humaninduced changes in the composition of the atmosphere,
including long-lived GHGs (that have lifetimes of
approximately eight years or more) and short-lived climate
pollutants (that have lifetimes of approximately 20 years
or less) (Myhre et al., 2013)1. The most recent assessment
report by the Intergovernmental Panel on Climate Change
(IPCC) found that increases in carbon dioxide (CO2) were the
largest single contributor to climate change. However, other
compounds also play large roles and, for this reason, it is
standard practice to include all climate drivers in analyses
of historical and projected trends2. In sum, although some
SLCPs — particularly black carbon — are not explicitly part
1
2
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These groupings of pollutants by lifetime are consistent with the IPCCs Fifth
Assessment Report (AR5), and methane is included within both groups.
This extends to allowable carbon budgets, for which the IPPC’s Fifth
Assessment Report presented analyses for both CO₂ alone and all climate
drivers.

of the Paris Agreement, which targets long-lived GHGs only,
SLCPs are routinely included in analyses aimed to identify
emission trajectories that are consistent with temperature
targets.
This report defines the ‘emissions gap’ as the difference
between the emission trajectories resulting from
implementation of Nationally Determined Contributions
(NDCs), and the trajectories associated with emission
scenarios that are consistent with temperature targets, such
as the 2°C target. For some SLCPs, however, such a definition
is problematic. For example, emissions of black carbon can
increase relative to current policies under a 2°C pathway,
due to a greater reliance on biofuels, or growing numbers of
diesel vehicles without particulate filters and/or stringent fuel
quality standards. In light of this, the definition of ‘emissions
gap’ that applies to this chapter is “the difference between
emission levels that are consistent with emission trajectories
resulting from NDC implementation, and the lowest emission
levels achievable using current mitigation technologies and
policies”. For methane and hydrofluorocarbons, results
are presented in CO₂ equivalents (CO₂e). Additionally, the
temperature response associated with mitigation measures
covering all SLCPs is presented3.
Strategies to reduce SLCPs will typically target methane,
tropospheric ozone, black carbon and hydrofluorocarbons.
Other short-lived climate forcers, such as sulphur dioxide
and organic carbon, lead to cooling and are therefore not
targeted. These SLCP reduction strategies will sometimes
affect only a single pollutant, for example intermittent
rice irrigation affects methane alone. Nonetheless, most
strategies to reduce SLCPs will affect multiple pollutants.
It follows that an evaluation of mitigation measures must
3
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The analysis presented in this chapter cannot assess the emissions gap in
terms of national pledges, as most countries pledged reductions in CO₂e.

examine emissions of both long-lived GHGs and all SLCPs, to
assess the net impact on warming.
Sustained SLCP reduction strategies can help limit long-term
warming, especially when combined with CO₂ reduction, and
therefore contribute to closing the emissions gap. A complete
separation between SLCP and CO₂ reductions is not possible
for two reasons. Firstly, decarbonization strategies will
lead to a reduction of some SLCPs, including black carbon,
about one third of which originates from fossil fuel sources
(Bond et al., 2013; Klimont et al., 2017). Secondly, efficiency
increases can reduce all types of emissions, but many SLCP
mitigation strategies are distinct from strategies to reduce
CO2, especially in the near term, as many decarbonization
measures require lengthy structural changes.
Reductions in SLCPs have the potential to decrease the rate
and degree of warming in the next few decades, with SLCP
mitigation having a rapid effect on temperature. In contrast,
reducing CO2 (and associated emissions, which often include
cooling agents such as sulphur dioxide or nitrogen oxides)
tends to reduce warming more slowly. Hence, the climate
impact of mitigating SLCPs is not equivalent to reducing CO2,
which is a much longer-lived GHG, owing to the differing
temporal evolution of the radiative forcing response to these
emissions (Myhre et al., 2013). It has been estimated that
SLCP mitigation has the potential to avoid up to 0.6°C of
warming by mid-century (for example Hu et al., 2013; Rogelj
et al., 2014; Shindell et al., 2012), while aggressive CO₂
mitigation in a comparable scenario leads to less than half
as much near-term reduction in warming (Hu et al., 2013).
SLCPs will also affect long-term global mean temperatures.
In that context, the impact of sustained emissions changes
of SLCPs can be usefully compared with pulse emission
changes of long-lived GHGs (Allen et al., 2016). Furthermore,
existing air quality and CO₂ mitigation policies will reduce
emissions of sulphate and nitrogen oxides, which will drive
up warming in the near term (despite improving air quality).
Enhancing SLCP mitigation measures can help counteract
this unmasked warming.
When considering opportunities to reduce the emissions
gap, it is also important to consider how the measures and
strategies adopted to cover the temperature gap will affect
societies, human well-being and health, as well as ecosystems.
The text of the Paris Agreement commits the world to
an ambitious long-term temperature target (Article 2a
and 4.1), but places this ambition within the context of
“sustainable development and efforts to eradicate poverty.”
Through the lens of sustainable development, the path that
the world choses to reach the long-term climate target is
as important as achieving the target itself, particularly for
those that are already suffering from the impacts of climate
change (Shindell et al., 2017a).
In this context, near-term mitigation of SLCPs is perhaps
even more important. In addition to the fast temperature
response, reductions of SLCPs would contribute to reducing
climate change impacts that are based on cumulative heat
uptake (for example, sea-level rise, and glacier and ice

sheet melting). They would also help reduce the likelihood
of passing irreversible thresholds and triggering large
positive feedbacks. In doing so, they would strengthen other
climate change mitigation efforts (Shindell et al., 2017a; Xu
and Ramanathan, 2017). SLCP reductions also improve air
quality, with benefits for human health, agricultural yields,
rainfall stability and other environmental and social policy
goals (section 6.5).
Finally, cutting levels of black carbon and other SLCPs
delivers short-term benefits, which may help governments
to increasingly view collective action on climate change as
feasible (Victor et al., 2015). Capitalizing on efforts such as
the Climate and Clean Air Coalition or the Montreal Protocol
on Substances that Deplete the Ozone Layer can increase the
momentum for climate change mitigation (Sabel and Victor,
2015).

6.2 Recent SLCP emissions trends and
outlook towards 2030
Efforts to estimate emissions of SLCPs and their future trends
have intensified, following a global assessment of emission
trends for black carbon and tropospheric ozone precursors
(UNEP/WMO, 2011). Many recent studies have focused on
improving the understanding about emissions from poorly
quantified sources4, with a secondary focus on large emitting
regions5.

6.2.1. Historical estimates

Recent work has led to revised global estimates of SLCP
emissions (Crippa et al., 2016; Höglund-Isaksson, 2017;
Höglund-Isaksson et al., 2017; Klimont et al., 2017; Purohit
and Höglund-Isaksson, 2017; Wang et al., 2014), and to the
re-estimation of historical emissions of SLCPs that were
used to develop the Representative Concentration Pathways
(Lamarque et al., 2010) and Shared Socio-Economic
Pathways (Rao et al., 2017)6. While estimates of SLCP
emissions remain uncertain, the revised historical estimates
are higher than previously assumed (Hoesly et al., 2017;
Klimont et al., 2017). This is especially important with regard
to black carbon, where the inclusion of emissions from
kerosene lamps, open burning of waste, gas flaring, and
regional data on coal use in China results in emission levels
that are over a million tonnes (over 15 percent) higher in
2010 than in the integrated assessment models used in the

4

5
6

These include black carbon from kerosene lamps (Jacobson et al., 2013;
Lam et al., 2012), gas flaring (Conrad and Johnson, 2017; Stohl et al., 2013;
Weyant et al., 2016), brick manufacturing (Cardenas et al., 2012; Maithel et
al., 2012; Weyant et al., 2014), open burning of residential waste (Christian
et al., 2010; Wiedinmyer et al., 2014), open burning of agricultural residues
(Stockwell et al. (2016), and methane from the oil and gas industry (HöglundIsaksson, 2017).
Notably China, India, Russia and the Arctic (Evans et al., 2017, 2015; Huang et
al., 2015; Kholod et al., 2016; Kondo et al., 2011; Kurokawa et al., 2013; Lu et
al., 2011; Shen et al., 2012; Winiger et al., 2017).
See Hoesly et al. (2017) for additional details concerning past trends on
anthropogenic emissions of reactive gases and aerosols.
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Representative Concentration Pathways and Shared SocioEconomic Pathways scenarios7.
Asia’s role in emissions of black carbon and methane is
ever-increasing, while North America and Europe (including
Russia) combined represented nearly one third of global
methane emissions in 2010, primarily via emissions from the
oil and gas sector. Although sectoral structures of emissions
vary greatly across pollutants, a few sectors tend to
dominate. For black carbon, residential combustion (cooking
and heating in solid fuel stoves) has been a key source of
emissions, with transport and industry gaining importance
in recent years (Hoesly et al., 2017).

6.2.2. Projected emissions (including NDCs)

Within Nationally Determined Contributions (NDCs),
identifying particular compounds is usually difficult or
impossible. This is because emissions reduction targets
are expressed in CO2e, often without specific targets for
methane, hydrofluorocarbons or black carbon, but rather
providing a list of target sectors. Only Mexico, Chile, Nigeria
and Canada name SLCPs (black carbon) in their NDCs (and
only Mexico specifies a target)8. It follows that NDCs are
unsuited to analyses of SLCP projections. For this reason,
the assessment below relies upon air pollutant and GHG
emissions modelling that provides pollutant-specific
estimates.
Recent projections of black carbon emissions indicate a
change in trends (figure 6.1), driven by legislation developed
to address primarily the health impacts of particulate matter9.
Following the introduction of diesel particulate filters, black
carbon emissions from diesel engines in OECD countries
have continued to decline since about 2005. A similar impact
is expected in developing countries, where comparable
legislation has been recently introduced (DieselNet, 2015;
GOI, 2014; MoRTH, 2016) in addition to measures to reduce
smoke exposure among rural populations cooking with
biomass and using kerosene for lighting (Venkataraman
et al., 2010). Finally, China’s policy to reduce coal use in
households and small industries is likely to play an important
role in near-future emissions of black carbon.
Recent scenarios reflect these policies to curb emissions
of black carbon. figure 6.1 shows how projected emissions
of black carbon (and methane and hydrofluorocarbons)

7

8

9
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A recent study by Höglund-Isaksson (2017) reports a considerably higher
release of methane and ethane from global oil and gas systems for the period
1980 to 2012, with oil production emerging as a much larger contributor
than natural gas production. The results of this study show much closer
consistency between bottom-up and top-down estimates of global ethane
emissions from fossil sources than existing bottom-up inventories (EC-JRC/
PBL, 2013; US EPA, 2012).
By 2030, Mexico aims to achieve a 51 percent reduction in emissions of
black carbon, compared to the country’s emissions levels in 2013. This
is an ambitious goal, requiring significant reductions in transport (over
70 percent), residential combustion (nearly 60 percent), and industry
(50 percent), and the enforcement of a ban on open burning of residues
(INDC-Mexico, 2015). Beyond developing the strategy, the government
issued new legislation regarding the transport sector requiring improved
efficiency and emission standards.
Reductions in emissions of black carbon is an ancillary benefit of policies
aimed to curb particulate matter emissions.

compare with Shared Socio Economic Pathways scenarios10.
In addition to the three Shared Socio-Economic Pathways
scenario ranges, an ‘updated policy’ pathway is shown,
reflecting the latest policy assessments11. In the period prior
to 2030, this pathway is consistent with all the Shared SocioEconomic Pathways trajectories associated with a radiative
forcing of 2.6 Watts/m2 (which corresponds to a 2°C increase
in global mean temperature at the end of this century).
After 2030, the ‘updated policy’ pathway is consistent with
Shared Socio-Economic Pathway – narrative 3 trajectories
associated with a radiative forcing of 3.4 Watts/m2. Unlike
recent estimates, the Shared Socio-Economic Pathway –
narrative 3 (reference - no mitigation) scenario does not
include the most recent policies in the transport sector.
Considering the latest developments with respect to diesel
engines (notably stricter standards, bans in cities, and
the development of alternative propulsion systems), the
projected decline in emissions from diesel engines over the
next decades appears plausible. Finally, it is worth noting
that the estimated near-term baseline developments do not
consider some of the ongoing discussion that could bring
further commitments to reduce SLCP emissions12.

10 The figure shows projected emission ranges for three Shared Socio-Economic
Pathways scenario groups. Shared Socio-Economic Pathway – narrative 3
(reference - no mitigation) assumes a focus on national and regional policies,
slow economic growth, lack of collaboration, large population remaining
in poverty, and low priority for environmental policies, leading to strong
environmental degradation in some regions. Shared Socio-Economic Pathway
– narrative 3 (3.4 Watts/m2) assumes the same socio-economic pathways,
except that they include aggressive policies to curb climate change. Shared
Socio-Economic Pathways 1-5 (2.6 Watts/m2) trajectories are consistent with
the 2°C target that is achieved for all Shared Socio-Economic Pathways except
Shared Socio-Economic Pathway – narrative 3 (reference – no mitigation)
(Rao et al. 2017; Riahi et al. 2017).
11 Updates include recent emission legislation (as of 2015) and updated energy
projections, as described in IEA (2016).
12 Four commitments are especially significant:
• The member states of the Arctic Council have pledged to reduce black
carbon emissions by between 25 percent and 33 percent of 2013 levels by
2025.
• Black carbon is covered by the Gothenburg Protocol to the United
Nations Economic Commission for Europe’s Convention on Long-Range
Transboundary Air Pollution. While no specific target is set, the Convention
requires parties to prioritize important sources of black carbon emissions in
their strategies to reduce emissions of particulate matter.
• The International Maritime Organization is considering options to reduce
emissions of black carbon from the maritime industry.
• Thirty-eight partner countries to the Climate and Clean Air Coalition have
pledged to develop or refine inventories of black carbon (55 countries are
now partners in the coalition, which targets SLCPs, including black carbon).
Other non-state actors have also made commitments, with the state of
California in the United States adopting specific legal targets for reductions
of each of the major SLCPs.

The Emissions Gap Report 2017 – Bridging the gap – The role of short-lived climate pollutants

Figure 6.1: Global annual emissions of methane, black carbon (including forest and savannah fires) and hydrofluorocarbons.
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For methane and hydrofluorocarbons, the baseline
trajectories (labelled ‘current policy’ in figure 6.1) relying
on near-term energy projections (IEA, 2016; Purohit and
Höglund-Isaksson, 2017) appear similar to the Shared SocioEconomic Pathway – narrative 3 trajectories. Numerous
parties to the United Nations Framework Convention on
Climate Change (including the top three global consumers of
hydrofluorocarbons, China, the United States and European
Union) are already taking action to reduce emissions through
national policies and legislation. In their Intended Nationally
Determined Contributions INDCs/NDCs, 99 countries
pledged to reduce emissions of hydrofluorocarbons13.

6.2.3. Impact of the Kigali Amendment

A 2015 study found that phasing down hydrofluorocarbons
could avoid between 4.0 GtCO2e and 5.3 GtCO2e per year
by 2050, compared to a reference scenario (Velders et al.,
2015). A related study from 2017, which uses more up-to13 Three sets of initiatives are worth noting:
•
In May 2014, as part of an action plan to implement the energy conservation
and emission reduction targets of its 12th five-year plan, the State Council of
China announced that it would strengthen emission reduction requirements
for hydrofluorocarbons, and accelerate their phase-out and replacement.
In its INDC/NDC, China has stated that it will completely phase out
hydrofluorocarbon-123.
•
The European Union’s regulation 842/2006 on fluorinated greenhouse
gases, which entered into effect on 1 January 2015, envisages that, by 2030,
hydrofluorocarbon levels will have reduced by 79 percent of the levels
registered in the period between 2009 and 2012.
•
The United States considered federal-level measures to reduce the
manufacture and use of hydrofluorocarbons. In August 2017, a court struck
down part of a 2016 decision by the country’s Environmental Protection
Agency, which sought to revoke approval for several of the most potent
hydrofluorocarbons. However, it is unclear how much impact this ruling will
have, as it returned the decision to the Agency, for further justification. In
parallel, several state administrations in the United States are regulating
hydrofluorocarbons. For example, California has set a new emissions
reductions target for hydrofluorocarbons (a 40 percent reduction to 2013
levels by 2030).

date assumptions about emission reduction policies and
a revised reference scenario, found that full compliance
with the Kigali Amendment to the Montreal Protocol
could reduce global hydrofluorocarbon emissions by 0.7
Gt CO2e per year by 2030, and up to 2.7 Gt CO2e per year
by 2050 (Höglund-Isaksson et al., 2017). This would avoid
cumulative emissions of 39 GtCO2e between 2018 and 2050
(figure 6.1)14. Strengthening phase-down efforts (that is,
pursuing a reduction in emissions that goes beyond that
afforded by the implementation of the Kigali Amendment
and that seeks to reach the maximum potential) could
provide about 30 percent greater cumulative benefits
(figure 6.1), while avoiding additional future emissions by
precluding a build-up of storage hydrofluorocarbon banks
(Velders et al., 2014).
In addition to efforts to avoid direct emissions of
hydrofluorocarbons, additional indirect CO2e mitigation
is likely through parallel improvements in the energy
efficiency of refrigeration and air-conditioning appliances
and equipment. Past phase-outs under the Montreal
Protocol have catalysed significant improvements in the
energy efficiency of appliances — up to 30 percent in some
subsectors (US EPA, 2002). Höglund-Isaksson et al. (2017)
found that full compliance with the Kigali Amendment
could reduce global electricity consumption by between

14 These estimates are based on a 100-year global warming potential.
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0.2 percent and 0.7 percent over the period 2018 to 2050, due
to the adoption of more energy-efficient technologies15,16.

6.3 SLCP mitigation potential
Some of the reduction potential for black carbon identified
in early studies (Shindell et al., 2012; UNEP/WMO, 2011) is
expected to be realized in the updated baselines (Section 6.2).
Nonetheless, significant additional opportunities exist,
which could reduce black carbon emissions by about
70 percent by 2030 (and more, in the longer term) (figure
6.1). Provided that strong targeted SLPC policies are
introduced, these reductions in emissions could be achieved
quickly17. While the illustrated potential was estimated for
an energy scenario with CO2 emission levels similar to the
Shared Socio-Economic Pathway – narrative 3 trajectory, the
shown potential appears comparable with, or even larger
than, the strict climate mitigation strategies that assume
significant structural changes in the energy system. However,
these strict climate policy scenarios are not compatible
with the socio-economic developments associated with
Shared Socio-Economic Pathway – narrative 3. Therefore,
the intermediate climate target scenario results (reaching a
3.4 Watts/m2 forcing level, or approximately a concentration
of 550 ppm of CO2) were added. These results illustrate the
co-benefits of climate policies on black carbon emissions.
Indeed, under this scenario emissions are reduced by about
30 percent by 2050, compared to the Shared Socio-Economic
Pathway – narrative 3 trajectory.
Any further mitigation of black carbon emissions would
require either tightened air quality standards, and/or
strengthened development policy. These are included in
the SLCP mitigation case, and in the strict climate policies
case (as shown in the 2.6 Watts/m2 scenarios). By 2030, very
limited reduction is demonstrated in this scenario, contrary
to the SLCP mitigation case, where effective technological
solutions and tested policy approaches afford much larger
emission reduction potentials. In general, the new global
set of scenarios (Shared Socio Economic Pathways) shows a
fairly large span of emissions, even within the same Shared
Socio Economic Pathways (Rao et al., 2017). This differs from
the Representative Concentration Pathways data set, where
assumptions that economic growth automatically leads to
decreases in pollution were uniformly used across all the
models for projecting changes in emissions of air pollutants,
including SLCPs (Amann et al., 2013).

15 This would result in a cumulative reduction of about 5.5 GtCO₂e due to
electricity savings when using country-specific emission factors that take into
account country-specific transformation and distribution losses (Brander et
al., 2011).
16 A 2015 study suggested that, in the air conditioning sector alone, improving
the energy efficiency of equipment by 30 percent, while simultaneously
transitioning to alternatives with low global warming potential, could provide
cumulative mitigation of nearly 100 GtCO₂e by 2050 (Shah et al., 2015).
17 Past experience on a regional and local scale exists, demonstrating fast
and effective implementation, provided that appropriate enforcement
mechanisms are set in place along the regulation; several examples are
provided in, for example, Coaen (2012); Klimont et al. (2017); Kodjak (2015);
Saikawa (2013); Shindell et al. (2012).
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In the Shared Socio-Economic Pathway – narrative 3
scenarios, the global technical mitigation potential for
methane is estimated at about 45 percent by 2030, provided
that an appropriate policy environment is introduced18.
Most of the emission reduction opportunities are in the
exploration and distribution of coal, oil and gas, and in the
waste sector19. The reductions available are comparable with
those in the deep climate mitigation scenarios (figure 6.1). In
general, policies to reduce emissions of CO2 will effectively
cover a large portion of methane emissions.
Technical measures could bring about fast and significant
reductions in emissions of black carbon and methane (for
example Amann et al., 2013; Höglund-Isaksson, 2012;
Klimont et al., 2017)20. However, introducing such measures
has proven problematic in some instances. For example,
programmes that focus on substituting cooking stoves with
clean alternatives have often had disappointing results,
with declining penetration rates over time (Aggarwal
and Chandel, 2004; Pine et al., 2011; Ruiz-Mercado et al.,
2011; Venkataraman et al., 2010; Wickramasinghe, 2011)21.
Nevertheless, some other types of programmes have been
successful, including emissions reduction strategies for
motor vehicles, such as those focused on diesel particulate
filters or emissions standards (CAI-Asia, 2011; Chambliss et
al., 2013; Coan, 2012; Kodjak, 2015; Saikawa, 2013; US EPA,
2017).
This chapter presents estimates of technical mitigation
potentials, since they are more widely used, and therefore
more abundant, than estimates of economic mitigation
potentials. Notwithstanding, it is acknowledged that
economic potentials may be more relevant with regard to
understanding the political feasibility of mitigation actions22.

18 In figure 6.1 this is coded ‘maximum reduction’, and represented by the
following symbol: .
19 The emissions reduction potential associated with rice and anaerobic
digestion is only significant in certain regions.
20 Emission reduction rates would be faster than those brought about by
transformational changes associated with low CO₂ strategies.
21 Nonetheless, locally tailored projects, often embedded in a larger scale policy
process, and coupled with awareness-raising efforts, have proven successful
(GACC, 2015; Sinton et al., 2004; Thomas et al., 2015). Political feasibility
depends strongly on the design of the programme, its local sustainability, the
strong involvement of local stakeholders, and on the incentives for national
governments to act.
22 The economic potential of SLCP mitigation differs substantially from the
technical potential of CO₂ mitigation for two main reasons: (i) the total
benefits of SLCP mitigation are typically larger, because they include nonclimate benefits; and (ii) with SLCP mitigation, a large share of the benefits is
nationally appropriable, in particular for black carbon. Shindell et al. (2017b)
estimate that the social cost of methane (that is, the monetized societal
damages resulting from a tonne of emissions incorporating climate and air
quality related impacts) is 50 to 100 times greater than the corresponding
social cost of CO₂. Estimates of the net benefits that are nationally
appropriable are not yet available in the literature. Research programmes are
ongoing to bridge this research gap.
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6.3.1 Methane

The technical mitigation potential identified through the
integrated assessment models used to develop Shared SocioEconomic Pathways scenarios draws primarily on the work
of United States Environmental Protection Agency (US EPA,
2013). The estimates for methane have been further updated
(Höglund-Isaksson, 2012; UNEP/WMO, 2011) to include
explicit consideration of unconventional gas production,
new regional characteristics for oil and gas production
(Höglund-Isaksson, 2017), and waste management. For coal
production, a structural update was made, to allow for the
separate estimation of emissions and mitigation potentials
from pre-mining operations (de-gasification), mining
operations (ventilation air methane oxidation), and postmining activities. Finally, current model implementation
includes impacts of animal feed and manure management
options as described in FAO (2013), but does not include
changes in consumer preferences or behaviour, which could
add mitigation potentials in the agricultural sector through
reduced consumption of meat (especially beef) and reduced
food waste generation (Stehfest et al. (2009) (Chapter 4).
Figure 6.2 shows regional estimates of ‘Current policy’

emission trajectories and reduction potentials in the coming
decades. These estimates are consistent with International
Energy Agency projections of energy use (IEA, 2012), and
integrate the refinements highlighted above23.
Mitigation potentials vary across regions, and are often
characterized by a dominating source sector24. Nonetheless,
solid waste separation and treatment offers opportunities
across all regions. In Europe and Brazil, reduction potentials
are smaller, as agriculture is the dominating methane
source, and there are relatively limited technical mitigation
opportunities. The comparison with the ‘Climate policy’
scenario (based on the IEA (2012) 450 ppm CO2 mitigation
strategy) shows that most of the near-term emissions
reduction potential appears to require dedicated SLCP
measures.

23 In terms of CO₂ emission levels, the International Energy Agency’s scenario is
comparable to Shared Socio-Economic Pathway – narrative 3 (reference - no
mitigation) and ‘Current policy’, shown in figure 6.1.
24 For example, capturing ventilation air methane from coal mines represents
the key mitigation opportunity in China.

Figure 6.2: Regional baseline methane and black carbon [shaded background] emissions and mitigation potential by 2030 [Mt per year].
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6.3.2 Black carbon

Figure 6.2 gives estimates of mitigation potentials for black
carbon in a number of world regions. The estimates reflect
updates referred to above (Klimont et al., 2017; Stohl et al.,
2015). With regard to black carbon, key updates include
improved characterisations of the gas flaring sector, kerosene
lighting, diesel generators, and the brick-manufacturing
sector.
The ‘Current policy’ trajectory varies greatly between
regions, depending on the structure of emissions and current
policies. Consequently, the mitigation potential varies too.
For the European Union and the United States, a strong
decline is observed (owing to strict transport legislation),
which explains the limited mitigation potential that remains.
In China, the transformation in the coke sector, ever-more
stringent policies in transport, and reductions of coal use in
the residential sector lead to significant reductions relative to
the reference scenario emission levels. Therefore, mitigation
potential is larger in China than in the European Union and
the United States. In some of the other regions with a large
share of emissions from biomass cooking (notably India),
significant opportunities exist.
While the overall global potential by 2030 was estimated
at over 70 percent (figure 6.1), the regional potentials
vary from about 40 percent to over 80 percent. In regions
where solid fuel cooking and heating dominates emissions
of black carbon, the emissions reduction potential increases
significantly beyond 2030 (not shown)25.

6.3.3 Hydrofluorocarbons (HFCs)

Full compliance with the Kigali Amendment would achieve a
61 percent decrease in hydrofluorocarbon emissions in the
period between 2018 and 2050, compared to the emission
levels in a reference scenario (Höglund-Isaksson et al., 2017).
Transitioning to available low global warming potential
alternatives faster and more thoroughly than contemplated

by the Kigali Amendment represents a major opportunity to
reduce emissions of hydrofluorocarbons. Such accelerated
transition is feasible. In countries with high ambient air
temperatures, almost 70 percent of sectors currently
using hydrochlorofluorocarbons can leapfrog past high
global warming potential hydrofluorocarbon refrigerants,
directly to low global warming potential alternatives with
equal or better energy efficiency (Zeiger et al., 2014). The
same study notes that other low global warming potential
alternatives are in development, and expected to be ready
to replace the remaining uses by 2025. Höglund-Isaksson
and colleagues (2017) report that the maximum technical
abatement potential, relying on existing technologies,
is 85 percent below the reference scenario emission
levels (in the period between 2018 and 2050) (figure 6.1).
They further note that, towards the end of the period,
the mitigation potential could represent as much as
98 percent of the annual reference scenario emission
levels. Interestingly, most of the model realizations of the
Shared Socio-Economic Pathways scenarios consistent
with the 2.6 W/m2 trajectories assume even faster and
steeper reductions than the Kigali Amendment (figure 6.1).

6.4 Implications for the emissions gap
Compared to the Shared Socio-Economic Pathway –
narrative 3 trajectories, assessments of the impact of
updated policies show weaker growth or, depending on the
pollutant, greater decreases in emissions of methane, black
carbon, organic carbon, and sulphur dioxide (and CO2). These
trends can be translated into likely changes in temperature26.
Recent policies lead to roughly 0.09 ± 0.04°C less warming
due to methane, 0.04 ± 0.02°C less warming due to CO2, and
0.17 ± 0.11°C less cooling due to sulphate in 203027. These
results evidence that, in the near term, the net warming due
to reductions in CO2 and co-emissions (primarily sulphur
dioxide) is roughly offset by reductions in SLCP, primarily
methane. Modelling results highlight that SLCP holds a
substantial additional emission reductions potential, as
described in section 6.3.

Table 6.1: Warming mitigation resulting from SLCP emission reductions
Additional SLCP mitigation

Change in temperature (°C)
2030

2050

All SLCPs (HFCs following the Kigali Amendment)

0.22 ± 0.11

0.59 ± 0.27

Methane

0.09 ± 0.03

0.30 ± 0.12

HFCs following Kigali Amendment

0.005 ± 0.002

0.07 ± 0.02

HFCs Maximum Feasible Reduction

0.02 ± 0.01

0.10 ± 0.03

Black carbon-rich sources

0.1 ± 0.1

0.2 ± 0.2

Note: The estimates in the table represent departures from the estimates associated with the International Energy Agency’s ‘current policies’ scenario (see the main
text for details). HFCs stands for hydrofluorocarbons. HFCs Maximum Feasible Reduction includes Kigali Amendment.
Source: Own elaboration.

25 This is due to the assumptions made about the effectiveness of cooking stove
programmes, and the large increases in diesel vehicle emissions in some
regions.
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26 To do so, we used the complementary analyses described in Shindell et al.
(2017b) that included:
•
a simple energy-balance calculation, incorporating climate response
functions based on the CMIP5 models (Geoffroy et al., 2013);
•
estimate of the impact of emissions on the carbon cycle (Gasser et al., 2017);
•
updated radiative forcing for methane, including shortwave absorption
(Etminan et al., 2016).
27 Smaller changes due to other pollutants are not reported here.
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Figure 6.3: Temperature trajectories from 2015-2050 in response to historical emissions and post-2017 projections
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Additional SLCP mitigation could avert a large fraction of
projected warming over the near term (figure 6.3 and table
6.1). By 2050, methane reductions contribute the largest
share (table 6.1). Realizing the maximum emission reduction
potentials for emissions of hydrofluorocarbons, thus going
beyond what is envisaged in the Kigali Amendment to
the Montreal Protocol, would lead to fourfold additional
savings by 2030 (figure 6.1)28. The remaining half to
one third of the benefits stem from the net impact
of the measures targeting black carbon-rich sources.
Figure 6.1 illustrates the near-term mitigation potential for
black carbon using 20-year global warming potentials. By
2030, such near-term mitigation potential is roughly three
quarters that of methane. As noted, however, understanding
the full impact of measures to mitigate black carbon requires
an assessment of the impact of all pollutants affected.
Compared to methane, changes in emissions of black carbon
lead to faster changes in concentrations of black carbon.
When the effects of organic carbon and carbon monoxide
from black carbon-rich sectors are taken into account, the net
impact on 2030 temperatures is also about three quarters that
of methane. This fraction decreases over time, as methane
concentrations adjust more fully to emissions changes. By
2050, the black carbon mitigation potential is approximately
two thirds that of methane, but the temperature response is
just over 50 percent (again, including co-emissions of black
carbon). This shows that mitigation potentials using 20-year
global warming potentials can be a useful, but only rough,
guide to near-term temperature impacts. For the longer
term, the 2030 additional mitigation potential for methane
is about 3 GtCO₂e per year (using a 100-year global warming

28 With hydrofluorocarbons, emissions reductions are phased in early: in 2050,
additional gains would reach about 30 percent, which represents a much
more moderate rate in reductions, compared to those achievable by 2030.

potentials of 21), and roughly 5 GtCO2e per year (using
updated 100-year global warming potentials of 34)29.
The relatively large near-term warming mitigation potentials
presented above are similar to those in several prior studies.
Excluding hydrofluorocarbons, they are similar to the
results presented in (UNEP/WMO, 2011) and Shindell et
al. (2012). Warming mitigation values are slightly larger in
2050, consistent with the inclusion of additional mitigation
measures in this analysis, along with the extension of
SLCP mitigation through 2050, which offset the decrease
in benefits associated with the later start in mitigation.
Including hydrofluorocarbons, values for 2050 are similar to
those reported elsewhere (Xu et al., 2013)30.

29 A reduction of that magnitude, sustained for 100 years, would be equivalent
to reducing CO₂ emissions by 170 GtCO₂ in one year (Allen et al., 2016).
30 Other research found smaller warming mitigation from SLCPs, although
compared to reference cases with reduced SLCP emissions. For example,
Smith and Mizrahi (2013) used a model that assumed that (i) all control
measures with a negative cost automatically happen based on ‘rational
economic behaviour’, and (ii) projected increases in wealth worldwide lead
to automatic adoption of strict emission control standards. Therefore, in
essence this study calculated benefits of additional efforts to remove SLCPs
after many of the available emissions control had already happened. Another
study explored many possible reference cases, unsurprisingly reporting
smaller SLCP-related benefits in comparison to reference cases with relatively
low SLCP emissions, and similar values in comparison with high-SLCP emission
reference cases akin to those seen in the detailed modelling presented
above (Section 6.2) (Rogelj et al., 2014). In comparison with reference cases
incorporating stringent climate mitigation policies focused on CO₂, that
study found a substantial decrease in the mitigation potential for SLCPs. This
reflects the overlap mentioned previously between stringent CO₂ controls
that transition away from fossil fuel use (covering energy-related methane
emissions and diesel-related black carbon emissions). Those results are
consistent with the drop in black carbon emissions under the Shared SocioEconomic Pathway – narrative 3 3.4 W/m2 scenario relative to the Shared
Socio-Economic Pathway – narrative 3 reference scenario shown in figure 6.1,
although such scenarios also include structural changes (for example, with
regard to renewable sources of energy, energy access or electric vehicles),
and increased energy access for the poor, which may be more difficult to
realize than technical SLCP control measures, and would likely take longer to
materialize.
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Given the potential for enhanced SLCP reductions to reduce
warming substantially in the near term, relative to current
policies, such reductions could clearly help to close the
emissions gap defined by long-term global mean annual
average temperature. They could also help offset near-term
warming caused by CO₂ mitigation strategies. Near-term
SLCP mitigation is also a critical lever for slowing the rate
of change in the next few decades, which is particularly
important for reducing cumulative climate impacts, such as
sea-level rise. Hu et al. (2013) found that curbing emissions
of SLCPs immediately can reduce the rate of sea-level rise
by approximately 18 percent by 2050, while immediate
reductions in CO2 would yield minimal benefits with regard
to sea-level rise. Delaying SLCP mitigation by 25 years
could decrease the impact of both CO2 and SLCP mitigation
on sea-level rise by approximately 30 percent. Not least,
reducing near-term warming can also decrease risks of lowprobability, high-impact climate change effects (Xu and
Ramanathan, 2017).

6.5 Implications for the Sustainable
Development Goals and other policy goals
This chapter assesses the role of SLCPs, including black
carbon (a component of particulate matter) and methane, in
bridging the emissions gap. In addition to the climate change
mitigation benefits associated with curbing emissions of
SLCPs, a reduction in emissions of these pollutants would
contribute significantly to the achievement of several of the
United Nations’ Sustainable Development Goals (SDGs)31.
The SDGs capture key human and planetary needs and
challenges, and achieving them by 2030 requires coordinated
actions on diverse fronts. Implementing SLCP mitigation
measures can clearly contribute to the achievement of
multiple SDGs, because of the impact of SLCPs on climate
change and air pollution32.
Residential combustion of solid fuels in traditional cooking
stoves and the use of kerosene for lighting in the AsiaPacific and African regions results in very high levels of
indoor air pollution (Karekezi et al., 2006). The World Health
Organization has estimated that indoor and ambient air
pollution cause 6.5 million premature deaths, recognizing
it as “the single most important environmental health risk
factor worldwide”, and noting that it is driving a global health
emergency (WHO, 2016). The provision of modern and
clean energy forms for meeting these basic requirements,
particularly those of rural households, would not only help
reduce the emissions gap, but would also help achieve SDG 3
on ensuring healthy lives and promoting well-being, SDG 4

31 The majority of black carbon emissions are accounted for by the AsiaPacific region (including China), followed by Africa. Emissions come largely
from residential combustion of fuels and diesel burning in the transport
sector. Sources of black carbon also emit a large proportion of precursors of
tropospheric ozone globally. Methane is another significant precursor of the
increasing background levels of ozone.
32 SLCP mitigation is also complementary to CO₂ mitigation: many SLCP
mitigation strategies can yield CO₂ mitigation co-benefits, and vice versa
(Haines and et al., under review).
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on ensuring inclusive education, SDG 5 on empowering women
and girls, and SDG 15 on sustainable forests (Griggs et al., 2014).
Tropospheric ozone is also harmful to human health. Recent
estimates show that the significance of this pollutant as a
cause of premature mortality is higher than had previously
been estimated (Malley et al., 2017). In addition, tropospheric
ozone is the pollutant that causes the most significant crop
yield losses. Therefore, early action on sources of SLCPs could
lead to a rapid reduction in these adverse impacts.
Another key area of global concern is the increasing levels of
pollution in urban areas. Urbanization is a global megatrend,
and it is expected that nearly 70 percent of the world’s
population will be living in urban areas by 2050 (compared
with 54 percent in 2014). The major causes of urban air
pollution, namely transportation and industrial activity, are
also major contributors to SLCP emissions. Improving fuel
and technology choices in the transport sector, banning
the open burning of biomass and waste in urban areas, and
improving energy efficiencies, all contribute to reducing
SLCPs. In doing so, these initiatives would also contribute to
achieving several SDGs (Cherian, 2015): SDG 2 on sustainable
agriculture, SDG 3 on health, SDG 7 on energy, SDG 11 on
inclusive and sustainable cities, and SDG 12 on sustainable
production and consumption.
Actions to reduce SLCP emissions can be synergistic with
efforts to improve energy efficiency. For example, when
coupled with energy efficiency policies, measures to phase
out hydrofluorocarbon-based refrigerants can save between
340 GW and 790 GW of peak power load globally, while also
avoiding about 98 Gt of CO₂ emissions by 2050 (Shah et al.,
2015).
Despite widespread efforts to reduce emissions of several air
pollutants, especially sulphur dioxide, nitrogen oxides, and
particulate matter, in several regions air pollution will not
improve enough to reduce the burden on human health (IEA,
2016). On the contrary, regional demographics, rising energy
use and urbanization may lead to growth in the number of
premature deaths due to outdoor air pollution, especially in
Asia. However, introducing efficient reduction measures in
the power sector, industry, and transport, and accelerating
access to clean energy for cooking — measures that are
compatible with an SLCP mitigation strategy — could reduce
the number of premature deaths significantly (IEA, 2016).
These results are consistent with those of Schmale et al.
(2014), who estimated that, by halving the concentrations of
SLCPs in the atmosphere, more than 40 million deaths from
respiratory and cardiovascular diseases could be avoided by
2030.
Compared to introducing policies to mitigate SLCPs,
introducing policies to implement the SDGs is often more
feasible politically. For this reason, the latter can be used to
exploit the opportunity of reducing emissions of SLCPs.
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Reductions in emissions of SLCPs offer significant potential
to slow the rate of near-term warming, contribute to the
achievement of the long-term Paris Agreement temperature
targets, improve well-being via improved air quality, and
facilitate the achievement of several SDGs. Although
technical control measures already exist and have been
demonstrated, scaling up those measures to their full
potential would require dedicated policy efforts beyond
those embodied in either current policies or low-carbon
policies. Ideally, by aggressively reducing both SLCPs and
CO₂, policies would optimize the societal welfare associated
with efforts to curb climate change, improve air quality and
achieve sustainable development.

6.6 Key messages
Large reductions in emissions of short-lived climate pollutants
(SLCPs) are an important part of mitigation efforts in virtually
all scenarios that meet the 2ᵒC target, and especially those
that meet the 1.5ᵒC target.
Reductions in SLCP emissions cannot be considered
equivalent to reductions in long-lived greenhouse gases, as
many impacts are not directly proportional to global mean
temperature change at a given point in time. For this reason,
climate change mitigation policies need to consider these
two classes of emissions separately.

Significant SLCP mitigation potential, beyond existing
commitments, is available via proven technologies. However,
to unlock that potential requires dedicated policy action to
strengthen legal frameworks and institutional capacities.
This is because many SLCP mitigation strategies are distinct
from strategies to reduce CO2 emissions.
Over the period 2018–2050, stringent SLCP reductions
based on existing, demonstrated technical measures could
reduce warming by between 0.3ᵒC and 0.9ᵒC relative to
current emissions projections. Roughly half of the mitigation
potential is associated with methane, one third with black
carbon, and the remainder with hydrofluorocarbons. As
some policies that reduce CO2 emissions also reduce SLCP
emissions, a substantial portion of SLCP reductions could
be achieved through CO2 mitigation efforts. However,
compared with policies specifically targeting SLCP controls,
the reductions in SLCP emission resulting from CO2 mitigation
efforts would be slower.
Reduction of SLCP emissions, specifically black carbon, might
play an important role in mitigating the regional impacts of
climate change.

Early reductions in SLCP emissions would provide substantial
health benefits, limit the short-term rate of climate change,
slow self-amplifying feedbacks, and facilitate the achievement
of the Paris Agreement’s long-term temperature target.
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Chapter 7

Bridging the Gap – Carbon
dioxide removal
Lead authors: Pete Smith (University of Aberdeen), Julio Friedmann (Carbon Wrangler, LLC)
Contributing authors: Sabine Fuss (Mercator Research Institute on Global Commons and Climate Change), Noah Deich (Center for Carbon Removal), Giana Amador (Center for Carbon Removal), Jan Minx (Mercator Research Institute on Global Commons and Climate
Change), Mark G. Lawrence (Institute for Advanced Sustainability Studies, Potsdam), Mercedes Bustamante (Departamento de Ecologia,
Universidade de Brasília), Omar Masera (Institute for Ecosystem Research and Sustainability, Universidad Nacional Autónoma de Mexico),
Annette Cowie (New South Wales Department of Primary Industries/University of New England), Oliver Geden (German Institute for
International and Security Affairs)

7.1 Introduction
Carbon dioxide removal (sometimes called carbon removal
or CDR) refers to a cluster of technologies, practices and
approaches that remove and sequester carbon dioxide

from the atmosphere. Despite the common denominator
of removing carbon dioxide, these technologies can be
very different. To put it simply, one can distinguish between
biological and engineered options. For some of the

Major
strategies
for negave emission technologies
Figure 7.1: Major strategies for negative
emission
technologies.
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former (such as afforestation, reforestation or soil carbon
management), experience has been accumulated over
decades. Conversely, experience is limited with regard to
the latter (notably direct air capture, or bioenergy combined
with carbon dioxide capture and storage). Some approaches
would be more difficult to implement than others, for
example, using the ocean as a common-pool resource,
which would require coordination on an international scale.
The leading technologies and approaches considered here
are shown in figure 7.1.
Importantly, carbon dioxide removal is not the same as solar
radiation management (Royal Society, 2009). This distinction
is critical and was emphasized by the United States National
Academy of Sciences, which has reviewed approaches to
solar radiation management (USNAS, 2015a) and to carbon
dioxide removal (USNAS, 2015b). While solar radiation
management may prove important for mitigating climate
change in the future (Keith et al., 2017), it is not the subject
of this chapter. Instead, this chapter focuses on reducing
carbon dioxide concentrations in the atmosphere through
active management.
Carbon dioxide removal options have become a common
feature in climate change mitigation scenarios that are
consistent with the goals of the Paris Agreement (Clarke et
al., 2014; van Vuuren et al., 2013; Fuss et al., 2014). Given
that carbon budgets are tight and rapidly being depleted
(Rogelj et al., 2016; IPCC, 2014), carbon dioxide removal

options are more widely used to compensate for temporary
budget overshoot.
Carbon dioxide removal and the deployment of negative
emissions approaches must be employed in addition to other
mitigation options (such as those discussed in Chapter 4).
Stated differently, carbon dioxide removal is concerned
with the management of overshoot, even in the event that
all mitigation options are pursued. For example, limiting
deforestation and improving forest management are key
undertakings to reduce current emissions and avoid future
emissions. However, necessary as they are, these practices
are quite different to afforestation, which is the practice of
adding forests to areas where there are none today.
In many scenarios, net negative emissions occur in the
second half of the 21st Century. However, negative emissions
are introduced much earlier, and to a greater extent, in those
scenarios. This is done to compensate for residual emissions
that are too difficult or too expensive to reduce at the
level of climate policy ambition that the scenario seeks to
characterize. Taken together, both climate dioxide removal
options represent the total or gross negative emissions
required in a particular scenario (figure 7.2).
From a wider portfolio of mitigation options, integrated
assessment models select negative emissions technologies
based on cost-minimization considerations1. Naturally,
the deployment of negative emissions technologies varies

Figure 7.2: The role of carbon dioxide removal in climate change mitigation.
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scenario used is different from the scenarios used in Chapter 3, which leads to small variations in emission levels and timing of negative emissions.
Source: Jérôme Hilaire (Mercator Research Institute on Global Commons and Climate)
1

Specifically, integrated assessment models determine the least-cost pathway
for the global economy to meet a given climate target (before additional
benefits are accounted for). They do so on the basis of assumptions about
technology costs and availability, alongside other macroeconomic factors (for
example, demand for energy and food).
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greatly from one scenario to the next, due to differences
in scenario design and the specifications of the particular
model. Nevertheless, some robust patterns emerge across
clusters of scenarios:
• Scenarios consistent with the 1.5°C target depend
on the large-scale availability of negative emissions
technologies. There are no scenarios available that can
keep warming below 1.5°C by 2100 without removing
carbon from the atmosphere via negative emissions
technologies (Fuss, 2017; Minx et al., 2017).
• In general, the deployment of negative emissions
technologies in the second half of the century occurs on
a large scale, and with a very rapid scale-up to 8 GtCO2
per year by 2050 (range 5–15). By 2100 the median
(2010–2100) removal of carbon dioxide via negative
emissions technologies is 810 GtCO2 (range 440–1,020).
This corresponds to about 20 years of global emissions at
current emission rates.
˚ In the 2°C scenarios with immediate climate action, the
median (2010–2100) deployment of negative emissions
technologies is considerably lower: 670 GtCO2 (range
320–840). In addition, the scale-up towards mid-century
is much slower.
• Delay in adequate near-term climate action swiftly
locks 2°C pathways deeply into negative emissions. To
limit warming to 2°C, current Nationally Determined
Contributions lead to pathways that are fundamentally
dependent on the large-scale availability of negative
emissions technologies (like 1.5°C pathways today, and
with similar deployment rates and technology upscaling
requirements).
• Compared to emissions pathways that are less efficient
in energy use, 1.5°C and 2°C emissions pathways that
feature aggressive energy savings are less dependent on
negative emissions technologies.
It is worth noting that a few scenarios can meet the 2°C target
without the deployment of negative emissions technologies.
If the models select these technologies, it is because they
represent a cheaper mitigation option overall. This means
that even in scenarios that are consistent with the 2°C
target, there is scope to considerably limit the deployment
of negative emissions technologies, compared to what we
see in economic optimization scenarios.

7.2. Land-based carbon dioxide removal
options
Land-based carbon dioxide removal involves technologies,
practices and approaches that harness the carbon removal
potential of land-based ecosystems, including forests,
wetlands, agricultural land and soils. As these systems
have been managed by humans for many years, there is
a wealth of knowledge that can be readily applied today
with confidence. In addition, these approaches present
opportunities to meet other global sustainability goals,
such as improved water quality, ecosystem restoration,
biodiversity preservation, food and nutrition security, job
creation and improved crop yields.
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For these land-based options to contribute to carbon removal
at the scale of gigatonnes, new management approaches
that impact large land areas and ecosystems will be required
in some cases. In others, traditional, sustainable practices
such as agroforestry may need to be applied2.
Many substantial uncertainties exist regarding effective
carbon dioxide removal rates, the volumes stored, the
duration of effective sequestration under a changing climate
and the implications for ecosystem services provided
by the land in question. In this regard, carbon dioxide
removal in these systems may prove very different to other
current efforts. Ultimately, each option has its strengths,
uncertainties and constraints.

7.2.1 Afforestation and reforestation

Afforestation refers to planting trees on land not afforested in
recent history (usually 50 years or longer), while reforestation
refers to the replanting of trees on more recently deforested
land (Hamilton et al., 2010). Agroforestry practices entail the
integration of trees into agricultural systems, in combination
with crops, livestock or both. Afforestation, and reforestation,
and agroforestry projects form part of several voluntary and
mandatory carbon-offset trading schemes worldwide (Diaz
et al., 2011; Miles and Sonwa, 2015).
Globally, the carbon dioxide removal potential for
afforestation and reforestation options is quite significant—
it has been estimated at between 4 and 12 GtCO2 per year
(Smith et al., 2016), with other recent estimates even higher,
at up to 28 GtCO2 per year (Griscom et al., 2017). Preparation
and deployment can be done at a relatively modest cost3,
with the potential for co-benefits. The existence of various
projects today, and the experience of forest managers
worldwide, provide a high level of technical readiness for
afforestation and reforestation options4. As such, afforestation
and reforestation are considered established carbon dioxide
removal options and projects could feasibly be launched soon.
Ultimately, achieving large carbon removal rates and volumes
would require very large tracts of land (Houghton et al.,
2015; Kriedenweis et al. 2016) and potentially huge volumes
of water (Trabucco et al., 2008), although vegetation density
is positively correlated with the strength of precipitation
sheds and has a moderating effect on the volatility of water
availability—in this regard, distant effects might be different
and as such, more research is required. Competition for
land and water used for food production is a development
concern, but could be minimized through agroforestry5 or
careful selection of appropriate land areas for afforestation
and reforestation. There are significant uncertainties around
2

3
4
5

While agroforestry is widely present in the tropics, there are many
agroforestry systems in temperate and even boreal regions. For example,
according to Aertsens et al. (2013), 90 percent of Europe’s mitigation
potential in the agriculture sector stems from agroforestry.
For example, Nielsen et al. (2014) report that, within the United States of
America, up to 730 MtCO2 per year might be sequestered at a carbon price
below US$50 per tonne of carbon.
Political and planning readiness varies between countries.
Such competition is avoided in agroforestry systems, which allow integrated
management of agricultural landscapes for food production and the delivery
of ecosystem services (Zomer et al., 2016; Kimaro et al., 2011; WilliamsGuillén et al., 2008).
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the impacts on non-carbon dioxide greenhouse gases
(Benanti et al., 2014), albedo (Kirschbaum et al., 2011;
Zhao and Jackson, 2014), evapotranspiration, emissions of
volatile organic compounds and other issues6. Obstacles may
also arise with regard to monitoring, sustaining sequestered
carbon in the long term due to sink saturation, changing
practices among forest managers and farmers, and creating
market and policy contingencies. Despite these uncertainties
and obstacles, experience with managing forests stands in
our favour for adopting these options, which, as previously
mentioned, also have the potential to contribute to other
global sustainability goals.

7.2.2 Other ‘natural’, land-based solutions

Other natural, land-based carbon dioxide removal solutions
rely on the restoration or construction of high carbon density,
anaerobic ecosystems, including “inland organic soils
and wetlands on mineral soils, coastal wetlands including
mangrove forests, tidal marshes and seagrass meadows,
and constructed wetlands for wastewater treatment”
(IPCC, 2014). Hereinafter, these solutions are referred to
as wetlands. It is increasingly critical to not only preserve
existing wetlands, but also to restore and construct these
ecosystems for use as carbon dioxide removal solutions.
Peatlands and coastal wetlands store up to 44 to 71 percent
of the world’s terrestrial biological carbon pool (Zedler and
Kercher, 2005). While the carbon stocks in peatlands and
coastal wetlands are now vulnerable to reversal (Parish et
al., 2008), these ecosystems also have significant carbon
sequestration capacity (Page and Hooijer, 2016).
Compared to afforestation and reforestation options, much
less is known about wetlands. Roughly one third of global
wetland ecosystems had been lost by 2009 (Hu et al., 2017),
suggesting there are a number of locations where work could
begin. Long-term sequestration rates in wetlands range from
0.1 to 5 tonnes of carbon per hectare and per year, a rate
that significantly improves when emissions avoided from
(previously degraded) restored wetlands are counted (Parish
et al., 2008; Mitsch et al., 2012; Smith et al., 2008). However,
estimating global rates and volumes is challenging. Carbon
dioxide abatement costs for wetland restoration range from
US$10 to US$100 per tonne of carbon dioxide (Worrall et
al., 2009), suggesting potential low-cost options for projects.
Little is known about the total land and water requirements
needed to achieve substantial and sustainable levels of
carbon dioxide removal through wetlands. However, noncarbon dioxide greenhouse gases represent a substantial
risk. While wetlands store significant amounts of carbon in
above- and below-ground biomass, and in soil, they have
also historically been a significant source of methane, with
estimates ranging from 20 to 25 percent of global methane
emissions (Mitsch et al., 2012). As such, restoring some
wetlands could induce a short-term net warming effect
(Mitsch et al., 2012) due to increased emissions of methane
6

These uncertainties could be reduced or better characterized through a
dedicated science programme aimed at understanding the issues across
ecosystems, latitudes and climate zones.

and nitrous oxide7. In addition, while some sites may be
suitable for early remediation, in other instances, sites of
former wetlands have been converted to ports, industrial
sites and other high-value capital assets, which limits
the extent to which they can be used for carbon dioxide
removal. Griscom et al. (2017) estimate that avoided coastal
wetland impacts, avoided peat impacts and peat restoration
could deliver 0.3, 0.7 and 0.8 GtCO2 per year, respectively, by
2030. As with forest management, wetlands and peatlands
have been managed by humans for many years, which
provides an opportunity to capitalize on existing knowledge
and on the readiness to implement measures (Griscom et
al., 2017). There is also the added potential to contribute
to other global sustainability goals such as improved water
quality, ecosystem restoration, biodiversity preservation and
job creation.

7.2.3 Soil carbon sequestration

Soil carbon sequestration occurs when a change in land
management practices increases the carbon content of soil,
thus resulting in a net removal of carbon dioxide from the
atmosphere. Since the level of carbon in the soil is a balance
of carbon inputs (for example, from litter, residues, roots
or manure) and carbon losses (mostly through respiration,
which is increased by soil disturbance), practices that either
increase inputs or reduce losses can promote soil carbon
sequestration. Lal (2011, 2013) and Smith et al. (2008, 2014)
cite a large number of land management practices that can
promote soil carbon sequestration, some of which can also
promote carbon sequestration in above-ground biomass.
Soil carbon sequestration uses agricultural and land
management practices that are generally well known by
farmers and land managers, and for the most part, does not
require additional machinery or infrastructure. It therefore
represents a readily available option to be implemented.
Rates for soil carbon sequestration vary considerably,
depending on land management approaches, soil type
and climate region (Smith, 2012; Lal, 2013). When scaled
globally, the technical potential for soil carbon sequestration
is estimated at 4.8 GtCO2e per year (Smith, 2016)8. Assuming
unit costs between US$20 and US$100 per tonne of carbon,
the global carbon emissions mitigation potential of soil
carbon sequestration ranges between 1.5 and 2.6 GtCO2e
per year (Smith et al., 2008; Smith, 2016). It is worth noting
that for some systems, such as croplands and grazing lands,
soil carbon sequestration costs range from minus US$45 to
plus US$10 per tonne of carbon (Smith, 2016), suggesting
there are revenues and cost savings to be made from some of
these practices9. Smith (2016) estimated that carbon dioxide
removal through soil carbon sequestration at a rate of

7
8
9

Dedicated and sustained research is needed to resolve or reduce these
uncertainties.
Other estimates range between 0.4 GtCO2e per year (Powlson et al., 2014)
and 11.4 GtCO2e per year (Lal, 2011; Lal, 2013; Minasny et al., 2017).
Most of the annual estimates are based on sequestration values calculated
over 20 years. Given that sinks saturate, annualized sequestration estimates
should be multiplied by 20 to derive the total cumulative sequestration
potential.
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2.6 GtCO2e per year would save US$7.7 billion, comprising
US$16.9 billion of savings and US$9.2 billion of costs.
Although the apparent energy costs for soil carbon
sequestration appear low, and in many cases, soil carbon
sequestering practices would benefit soil ecosystems and
agribusinesses, implementing these practices involves a
significant range of potential land requirements (Smith et al.,
2010). While emissions from methane may be limited, soil
carbon sequestration may result in emissions of nitrous oxide
(Smith, 2016). As for wetlands, dedicated and continued
research on these uncertainties and challenges could help
reduce risks and improve performance.
Barriers to implementation include lack of knowledge
among farmers, lack of policy incentives, monitoring and
verification of practices and costs and crucially, reversibility
of stored carbon. Dedicated pilot projects and programmes
could help to identify the measures required to overcome
these barriers, with an emphasis on learning-by-doing and
resolving key uncertainties through data acquisition and
development of practices. Since soils have been managed for
millenniums, there is a high level of knowledge and readiness,
with the potential to contribute to other global sustainability
goals such as improved water quality, ecosystem restoration,
biodiversity preservation, job creation and increased yields
and food security.

7.2.4 Biochar

potential for carbon dioxide removal through biochar. Energy
and water are also required to produce the crop feedstocks,
although producing biochar can also produce power and
fuels12. While the land use for carbon dioxide removal
through biochar appears relatively modest (between 26 and
95 million hectares), estimates are dependent on land and
crop quality. Not least, carbon dioxide-reduction benefits
may be mitigated by albedo reduction (Bozzi et al., 2015).
Although the risks of reversibility and difficulty of monitoring
are lower than for soil carbon sequestration, barriers such
as limited knowledge of practice or policy support remain.

7.3 Combined land/technology-based option:
bioenergy with carbon dioxide capture and
storage
Bioenergy with carbon dioxide capture and storage removes
carbon dioxide from the atmosphere through the cultivation
of biomass (bioenergy), and stores carbon dioxide from
energy generation in deep, geological formations (carbon
dioxide capture and storage), providing net carbon removal.
So far, this is the carbon dioxide removal technology that has
featured most prominently in the mitigation scenarios by
the Intergovernmental Panel on Climate Change (Fuss et al.,
2016; Fuss, 2017).
Many integrated assessment models estimate the availability
of sustainable bioenergy at 100 exajoules per year (Creutzig
et al., 2015; Slade et al., 2014)13; fewer models accommodate
estimates above 300 exajoules per year.

Biochar is produced through pyrolysis of biomass into a
stable, long-lived product, such as charcoal. Biochar is
resistant to decomposition (Lehmann et al., 2015) and can
stabilize organic matter added to soil (Weng et al., 2017).
It can form long-term carbon pools in the soil and provide
a range of soil fertility and soil quality co-benefits, such
as improved water and nutrient retention, increased soil
porosity and higher crop yields.

With regard to carbon dioxide capture and storage, estimates
for geological storage capacity are well above 5,000 GtCO2.
However, the estimated capacities are not viable in all
locations (Scott et al., 2015; De Coninck and Benson, 2014;
Lassiter and Misra, 2016; Global CCS Institute, 2016).

While biochar can be applied at high rates (Genesio et al.,
2012; Zhang et al., 2010), the net benefits of biochar are likely
to be higher if applied in low volumes in the most responsive
soils10. The carbon dioxide removal potential through
biochar is high: it has been estimated at between 1.8 and
3.3 GtCO2e per year (Woolf et al., 2010). However, the
efficacy of biochar for carbon dioxide removal is disputed11.
Costs range between US$18 and US$166 per tonne of
carbon dioxide-equivalent per year (Woolf et al., 2010),
although economic benefits and revenues could offset part
of this cost.

The combined potentials of bioenergy and carbon dioxide
capture and storage in 2050 are estimated at between 2 and
18 GtCO2 per year (Kemper, 2015; USNAS 2015a; McLaren,
2012). To achieve this scale, the demands on land use are
significant: a level of carbon dioxide removal consistent with
average 2°C emissions pathways would require between
0.38 and 0.7 billion hectares of crops purpose-grown for
bioenergy with carbon dioxide capture and storage (Smith
et al., 2016)14. Under more conservative assumptions, the
demands on land use would be even higher (Monfreda et
al., 2008).

Although biochar is an established technology, it is not
yet widely applied, in part due to costs and the (limited)
availability of infrastructure. Additional infrastructure
(namely pyrolysis facilities) would be required for large-scale
implementation. Indeed, the quantity of biomass available
for biochar production is a key factor limiting the global

Use of agricultural and forest residue as a feedstock for
bioenergy does not require competition for land, although
its extraction can adversely impact soil carbon stocks
(Smith et al., 2016). The potential competition for land
from widespread use of bioenergy with carbon capture and

10 Notably after enhancement through co-composting or nutrient addition
(Joseph et al., 2013).
11 Interestingly, biochar can reduce non-carbon dioxide greenhouse gases,
notably nitrous oxide (Cayuela et al., 2015).
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12 Net energy balances remain controversial and dependent on process,
feedstock and products.
13 Roughly, this represents 15 percent of global primary energy consumption
today.
14 For comparison, global agriculture today, including both farming and grazing,
requires roughly 5 billion hectares of land.
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storage remains a major issue for large-scale bioenergy with
carbon capture and storage deployment and policymaking.
In a scenario consistent with the 2°C target, infrastructure
investment costs associated with bioenergy with carbon
dioxide capture and storage in 2050 are estimated at
US$138 billion per year for power and US$123 billion
per year for fuels (Smith et al., 2016). Nonetheless, there
are significant variations in unit costs for bioenergy and
with carbon dioxide capture and storage, depending on
assumptions about feedstock, technology, supply chains and
logistics15.
For a level of bioenergy with carbon capture and storage
deployment consistent with a 2°C target, 170 exajoules per
year of energy would be generated from bioenergy with
carbon capture and storage by 2100 (Smith et al., 2016).
Bioenergy with carbon dioxide capture and storage could
have a large impact on water use, requiring about 720 km3
per year or roughly 3 percent of the fresh water currently
appropriated for human use (Smith et al., 2016). Non-carbon
dioxide greenhouse gas impacts are value-chain specific and
uncertain, as are global albedo effects (Bright et al., 2015;
Jones et al., 2015). Taken together, these considerations
suggest that (i) over the next 10 to 20 years, carbon reduction
using combined land- and technology-based options will be
challenging; and (ii) there are risks associated with largescale implementation of these options.
Three main barriers stand out with regard to large-scale
implementation of bioenergy with carbon dioxide capture
and storage. Firstly, carbon dioxide capture and storage
and bioenergy enjoy little public acceptance (Benson et al.,
2012; Upham and Roberts, 2011; Wallquist et al., 2012; de
Best-Waldhober et al., 2009). Secondly, whether there are
substantial, or even any carbon reductions when accounting
for displaced activities is unclear (Havlík et al., 2011; Frank
et al., 2013; Searchinger et al., 2009; Plevin et al., 2010,
Creutzig et al., 2015; Popp et al., 2012). Thirdly, the lack of
economic incentives and the regulatory barriers related to
underground storage hamper large-scale implementation
(De Coninck and Benson, 2014)16.
McLaren (2012) reports a technological readiness level of 4
to 6 for bioenergy with carbon dioxide capture and storage
from combustion and co-firing, and a technological readiness
level of 5 to 6 for bioenergy with carbon dioxide capture
and storage from ethanol fermentation (technological
readiness level 6 corresponds to “prototype demonstration
in the ‘relevant’ real-world environment” and technological
readiness level 4 to the stage of “component validation”).
Although individually, both bioenergy and carbon dioxide
capture and storage are relatively mature technologies, in
combination they have seen very little demonstration and
15 Estimates of cost per tonne of carbon dioxide range from US$60–250 (Kemper,
2015), to US$70–250 (McLaren, 2012), to as little as US$15–45 for bioenergy
and carbon dioxide capture and storage from ethanol fermentation.
16 Current low carbon prices deter investments in bioenergy with carbon dioxide
capture and storage. The withdrawal of public support for these technologies
(as was the same effect.

deployment, especially at a large scale. Whether bioenergy
with carbon dioxide capture and storage can thus be scaled
up in the manner required to achieve ambitious climate
change targets remains questionable, given the lag in actual
carbon dioxide capture and storage deployment, compared
to the requirements associated with emissions pathways
that are compatible with the 2°C target (Peters et al., 2017;
Peters and Geden, 2017).

7.4 Technology-based carbon dioxide removal
options
Man-made technologies to remove carbon dioxide from the
air have been in use for many years, mostly in submarine,
aerospace and medical applications. Consideration of them
as global-scale carbon removal agents is recent (USNAS,
2015a). They offer specific benefits in that they use very
little land or water, they do not emit non-carbon dioxide
greenhouse gases and they have very high levels of certainty
regarding the flux and long-term fate of the carbon dioxide
removed. Some approaches also produce materials that can
be used commercially, for example, cements and aggregates.
However, many approaches are expensive. Most have not
been deployed at scale and have a low level of technical
readiness. Investment in developing these options will likely
yield breakthroughs in material science and manufacturing,
and could spur new industries and a circular carbon
economy (McDonough, 2016; Center for Carbon Removal,
2017), as was true for lithium-ion batteries 25 years ago (The
Economist, 2017). Nonetheless, among the 23 countries
committed to undertaking large-scale research and
development programmes in this and related areas, only
the United Kingdom has financed technology-based carbon
dioxide removal programmes, and at a modest level of £8.6
million (approximately US$11.3 million) per year (NERC,
2017).
Each option has strengths, uncertainties and constraints. The
low level of readiness facing many technologies is perhaps
the most pressing issue.

7.4.1. Direct air capture

Direct air capture is the practice of separating carbon dioxide
from ambient air, typically through chemical or physical
separation (Lackner et al., 1999; Sanz-Peres et al., 2016). Early
approaches to this process have been applied in aerospace
and submarine settings, to provide environmental controls
(Keith et al., 2006). To achieve carbon removal and negative
emissions, direct air capture would have to be combined
with carbon-dioxide capture and storage or carbon dioxide
conversion to long-lived materials (see below)17.
To yield negative emissions, direct air capture combined
with carbon dioxide capture and storage must be powered
predominantly by zero-carbon energy sources (wind, solar,
17 Several companies have fielded direct air capture units (Marshall, 2017;
Lassiter and Misra, 2016). Most of these produce fresh water as a by-product
(American Physics Society, 2011). Niche applications could include the food
and beverage industry, semiconductor manufacturing and remote sites for
enhanced oil recovery (Lassiter and Misra, 2016).
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geothermal, hydro and nuclear). Although this approach has
a technical potential above 20 GtCO2 per year, actual global
deployment is likely to result in reductions of between 2 and
5 GtCO2 per year (USNAS, 2015a).
Cost remains the largest barrier to deployment. Since direct
air capture involves separating carbon dioxide from air, and
the partial pressure of carbon dioxide in air is low, costs
can be between US$200 and US$600 per tonne (American
Physics Society, 2011)18. Like bioenergy with carbon
dioxide capture and storage, direct air capture combined
with carbon dioxide capture and storage would require
functional scale deployment of carbon dioxide capture and
storage, which represents both a potential limit and cause
for renewed commitments to the technology (Center for
Carbon Removal, 2017).
It is worth noting that it is possible to directly separate
dissolved carbon dioxide from ocean water and from air.
This could provide an additional benefit as a local or global
countermeasure to ocean acidification. However, research
on dissolved ocean carbon dioxide is very recent and at very
low technical readiness levels (Willauer et al., 2014)19.

represented in the literature, thus necessitating additional
research in this area.
Since carbon dioxide is bound indefinitely in chemical form,
there is both high confidence in carbon dioxide retention
for many years, and robustness in accounting and validation
of carbon storage and removal. For ex situ approaches,
revenues from product sales, including agricultural inputs or
aggregate and cement for construction offer an additional
benefit (Monkman and MacDonald, 2015; CO2Sciences,
2016)21.

7.4.3. Ocean alkalinity enhancement

The addition of alkaline materials to sea water enhances
the amount of carbon stored in the ocean. It draws carbon
dioxide from the atmosphere by shifting the equilibrium
between atmospheric carbon dioxide and dissolved
inorganic carbon in the ocean, which also serves to counter
ocean acidification. While ocean alkalinity enhancement
has received very little attention, compared to other carbon
dioxide removal options, it has the potential “to sequester
hundreds of billions to trillions of tonnes of [carbon]”
(Renforth and Henderson, 2017).

7.4.2. Accelerated weathering of minerals

Ocean alkalinity can be enhanced in a number of ways:
• Weathering of silicate and carbonate minerals on land,
resulting in the introduction of calcium and magnesium
ions into ocean waters (Hartmann et al., 2013; Rau et al.,
2007).
• Introducing calcium ions into ocean water by adding
calcium oxide or calcium hydroxide to sea water, a
procedure often referred to as ocean liming (Kheshgi,
1995; Renforth and Kruger, 2013).
• Electrolysis of sea water, often referred to as
electrochemical splitting, to increase aqueous sodium
hydroxide (House et al., 2007) or to accelerate the
dissolution of calcium carbonate (Rau et al., 2004).

While the technical potential of accelerated weathering
is, in theory, unlimited (IPCC, 2005), the effective technical
potential is not. This is due to the kinetics of most carbon
dioxide mineral reactions, which are slow and limit the viable
rates for carbon dioxide removal. Not least, the technical
potential can be limited by the rate at which the ground
material can be applied to land (Smith et al., 2016, Taylor
et al., 2016). Global estimates of potential for accelerated
weathering of minerals are in the range of 0.7 and 3.7 GtCO2
per year (Lenton, 2014; Smith et al., 2016).

Few techno-economic assessments of these approaches
exist. Preliminary estimates range from US$10 to US$600
per tonne of carbon dioxide for weathering of silicate and
carbonate minerals, US$72 to US$159 per tonne of carbon
dioxide for ocean liming and US$14 to US$190 per tonne of
carbon dioxide for electrochemical splitting (Renforth and
Henderson, 2017).

It has long been known that natural weathering of most
rocks (silicates, carbonates and oxides) binds carbon dioxide
from the atmosphere (Chamberlain, 1899; Raymo, 1991).
Accelerated weathering has been proposed as a means
of either drawing carbon dioxide from the air, binding it
permanently, or both (Lackner et al., 1995; Chiang and Pan,
2017). Much of this research proposes using rocks that are
very rich in iron, calcium and magnesium (ultramafic rocks)
as the primary feedstock, and reacting these in situ or ex situ
with carbon dioxide to form carbonate rocks and minerals,
locking away atmospheric carbon dioxide in the process
(Kelemen and Matter, 2008).

While kinetics can be improved by grinding, drilling and
deep, in situ injection, adding heat or other energy sources,
or adding chemicals (such as strong acids), these approaches
dramatically increase costs and can increase the carbon
intensity of the overall process20. These estimates are poorly

The availability of suitable minerals close to oceans would
limit deployment. Notwithstanding, environmental concerns
and governance considerations may prove to be the primary
barrier to implementation. Regarding the former, the
consequences of increased alkalinity on marine ecosystems
are poorly understood (Henderson et al., 2008)22.
Regarding the latter, the addition of alkaline materials to
the ocean would fall within the remit of the International

18 Specialized companies claim much lower prices today (a maximum of US$500
per tonne) and cost reductions of about 50 percent in the next 10 years.
19 Nonetheless, the United States Senate recently asked the National Academies
to undertake an assessment on the matter (Whitehouse, 2017).
20 Costs would range between US$20 and US$1,000 per tonne of carbon dioxide
(USNAS, 2015a).

21 Early niche applications are likely at diamond, base-metal and asbestos
mines with tailings of carbon dioxide-reactive rocks that have already been
processed for primary mineral extraction.
22 Note that the addition of alkaline materials would counteract ocean
acidification.
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Maritime Organization, through the London Protocol to
the “Convention on the Prevention of Marine Pollution by
Dumping of Wastes and Other Matter” (also known as the
“London Convention”)23.

dioxide-reduction approaches24. And finally, they would
have to develop international agreements with regard to the
transboundary effects of these technologies (Schäfer et al.,
2015).

7.4.4. Conversion of carbon dioxide to long-lived
products

There is currently limited discussion on carbon dioxide
removal issues in most subnational and international climate
policy forums. Policymakers might consider giving attention
to the importance of carbon dioxide removal, the risks
and challenges faced by leading carbon dioxide removal
solutions and the policy options for addressing these risks
and challenges (Williamson, 2016). This is because, to
achieve the objectives of the Paris Agreement, mobilizing
a rapid reduction of greenhouse gas emissions will be
essential. Carbon dioxide removal can play an important role
in meeting these objectives. However, to do so, enabling
actions on carbon dioxide removal will be required, including
more extensive policy discussions and focus on specific
barriers to deployment (Peters and Geden, 2017).

The concept of using carbon dioxide to produce chemicals
and materials was already being developed in the context of
chemical research in the 1970s, long before climate change
and the possibilities for removing CO2 from the atmosphere
entered the public debate (Aresta, 2010; Bruhn et al., 2016).
Most of these technologies have not been developed with
long-term storage of carbon dioxide in mind. In addition,
most materials based on captured carbon dioxide (for
example, polyurethane foams or fuels such as ethanol) only
have limited lifetimes in the context of the timescales that
are relevant to climate change (Aresta, 2013; CLCF, 2011). An
exception to this is carbonates, which are used to produce
cement-like construction materials in which long-term
(decades to centuries) sequestration of carbon dioxide can
be achieved (von der Assen, Jung et al., 2013; Bruhn, 2016),
as noted above.
Recently, there has been new research and commercial
activity focused on converting carbon dioxide directly to
other long-lived materials, including polymers, carbon fibre
composites, graphene, carbon black and even diamond (ICEF,
2017). Although these companies and research efforts are
in their infancy, they have attracted substantial commercial
interest. Due to the early stages of development, it is
difficult to estimate the upscaling potential of the various
approaches. A recent estimate puts the annual market for
these materials between 1 and 7 GtCO2 per year, although
this is contingent on policy- and market-support actions
(CO2Sciences, 2016).

7.5. Governance issues for carbon dioxide
removal
Realizing the potential of carbon dioxide removal would
require large-scale investment in research (to reduce key
uncertainties), and development and deployment incentives
(to reduce costs). Governments can play a key role in
providing the funding and incentives needed to achieve
these investments (Lomax et al., 2015; Peters and Geden,
2017).

Many key uncertainties can be explored using a learning-bydoing approach, notably by undertaking research and smallscale deployment activities (Lomax et al., 2015). All of the
approaches described in this chapter have initiated or can
initiate small- and large-scale pilot projects, from which data
on cost, performance and improvement opportunities can
be drawn (IEA, 2017). Some efforts, such as afforestation
or reforestation projects, have begun under the jurisdiction
of United Nations programmes that could be expanded or
rapidly scaled up. Scenarios that show net emissions turning
negative in the second half of the 21st Century can give
the false impression that there is no urgency. However, to
achieve those scenarios will require significant amounts of
gross negative emissions by 2030 at the latest (Rogelj et al.,
2015; Anderson and Peters, 2016), and advancing techniques
to maturity usually takes decades.

7.6 Conclusions and recommendations
Carbon dioxide removal remains an important set of
undertakings following the Paris Agreement, to supplement
immediate and aggressive mitigation action. In order to
achieve the goals of the Paris Agreement, to keep the global
mean temperature increase well below 2°C (or even below
1.5°C), carbon dioxide removal is likely a necessary step.

Firstly, government policy can work to protect communities
from any potential, negative side-effects (environmental,
economic, social, political and ethical) associated with largescale deployment of carbon dioxide removal solutions (Buck,
2016). Secondly, governments can set consistent standards
for transparency, notably with regard to the measurement
and verification of carbon stored from a given carbon dioxide
removal solution (Zakkour et al., 2014). Thirdly, they can
require that standards accept products arising from carbon

Although there is much ongoing work worldwide on this
topic, the field of carbon removal remains very young
(particularly for technology-based solutions), with relatively
little scholarship on the direct topic of carbon dioxide
removal. In some cases, efforts aimed at strengthening
approaches to carbon dioxide removal can build on deep
understanding and experience from other industries, for
example, agribusinesses or heavy industry. Nonetheless,
specific questions concerning current and future costs of
carbon dioxide removal options, the longevity of carbon
retention, the environmental consequences of scale-level

23 The London Convention is examining ocean alkalinity enhancement.

24 For example, the International Civil Aviation Organization (ICAO) standards
do not currently accept synthetic fuels made from carbon dioxide derived
from direct air capture.
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deployment of carbon dioxide removal and other key
questions remain largely unexplored. Critically, only one
country in the world (the United Kingdom) has a government
programme aimed explicitly at supporting carbon dioxide
removal (NERC, 2017).
In light of the above, there are four key recommendations
for consideration:
• Governments around the world might carefully assess
the potential role of carbon dioxide removal in achieving
the goals of the Paris Agreement. They would benefit
from understanding these technologies and the potential
ancillary benefits they may provide to commerce and
trade, such as improved crop yields.
• Governments and other stakeholders could launch joint
research and development programmes on the many
pathways for carbon dioxide removal. Such programmes
would be appropriate, given that some carbon
dioxide removal options are only at the early stages of
development, and in light of the role they could play in
curbing climate change. Both core scientific undertakings
(for example, a decade-long science programme on
the carbon cycle in soil) and technology development
efforts (focused, for example, on novel materials and
processes for direct air capture) could be included,
possibly structured around pilot programmes and earlydemonstration activities, where progress can be made
quickly and early-action opportunities can be identified
and investigated.
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• Carbon dioxide removal presents specific challenges for
life-cycle accounting, which will directly affect accounting
standards, industrial standards, industrial and financial
practice, and regulation. Emissions trading in particular
would be complicated by carbon-negative approaches.
Overt and dedicated analysis and efforts would be
required to develop, refine and incorporate carbon
dioxide removal approaches into these commercial and
governmental endeavours.
• Some approaches raise questions around global
governance in the near term (for example, ocean
alkalinity enhancement vis-a-vis the London Convention).
In addition, wide deployment of carbon dioxide removal
raises fundamental questions about how to appropriately
stabilize atmospheric carbon dioxide concentrations and
how to manage interests globally and among nations.
Dedicated working groups, perhaps modelled on the
Climate and Clean Air Coalition and their work on shortlived climate pollutants, could be formed and begin
discussing these issues.
• Since the land-based systems relevant for carbon dioxide
removal have been managed by humans for many years,
there is a wealth of knowledge that can be readily applied
today with confidence. Furthermore, these approaches
present opportunities to meet other global sustainability
goals, such as improved water quality, ecosystem
restoration, biodiversity preservation, food and nutrition
security, job creation and improved crop yields.
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