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CHAPTER ONE

EXECUTIVE
SUMMARY

Climate change mitigation
ambition needs to be
enhanced to meet
the goals of the Paris
Agreement. This guidance
provides a practical
framework to identify,
evaluate and prioritise
these actions, and details
four opportunities for how
climate change mitigation
ambition can be increased
by taking actions that
reduce air pollution,
and short-lived climate
pollutants, and improve
human health.
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Current Nationally Determined Contributions
(NDCs) pledge greenhouse gas emission reductions
that will not keep global average temperature well
below 2°C above pre-industrial levels set out in the
2015 Paris Agreement, but are estimated to lead
to between 2.3 and 3.7°C of warming by 2100.The
Intergovernmental Panel on Climate Change (IPCC)
report on ‘Global Warming of 1.5°C’ concluded
that to limit warming to 1.5°C, a rapid reduction in
global net emission of CO₂ is needed. In addition to
large-scale CO₂ reductions, substantial reductions
in short-lived climate pollutants (methane, black
carbon and HFC emissions) are also needed to
achieve this goal.
Simultaneously, air pollution is a major and
increasing threat to human health. Exposure to
fine particulate matter air pollution results in
approximately 7 million premature deaths per year
in addition to a wide variety of non-fatal health
impacts, such as asthma exacerbation and adverse
pregnancy outcomes. This makes air pollution the
largest environmental risk factor for human health
globally.
The issues of climate change and air pollution are
closely linked because i) some pollutants (i.e. shortlived climate pollutants) directly contribute to both
climate change and adverse air pollution impacts
on human health as well as vegetation, ii) many
major sources of air pollution are also major sources
of GHGs, and iii) air pollution policies can lead to
either reduced or accelerated warming.
Integrated planning on climate change and air
pollution can help identify the most relevant
actions to mitigate both impacts simultaneously. It
can also align national actions to meet a country’s
international climate change mitigation ambition
and national air quality goals and produce a more
efficient planning process.
Highlighting the local air quality of national climate
change mitigation actions can provide a strong
driver for increased action that also mitigates
climate change, due to the local human health
benefits that can be achieved from implementation
of these actions.

There is substantial potential to enhance climate
change mitigation ambition through SLCP and
integrated air pollution and climate change
mitigation. In the NDCs and accompanying
information developed and submitted in 2015, few
prioritised key methane source sectors, such as
agriculture and waste, or HFC mitigation. Key black
carbon and CO₂ sources such as transport were not
prioritised in many submissions, and the majority
did not mention co-benefits or the link to the
Sustainable Development Goals (SDGs), which air
pollution reductions directly contribute to achieving.
Therefore, as countries are updating their NDCs and
strive to enhance ambition to achieve the goal of the
Paris Agreement, the identification, prioritisation
and inclusion of mitigation measures that improve
local air quality, and benefit human health, as well
as mitigating climate change provides substantial
opportunities for increased ambition.
This guidance document provides a practical
framework that can be used to identify, prioritise
and include mitigation measures that can increase
a country’s climate change mitigation ambition
through actions that improve local air quality.
It also outlines how this can be reflected in the
updated Nationally Determined Contribution and
accompanying information. The proposed framework
is summarised in Figure ES1.
This approach is based on knowledge gained through
the Climate and Clean Air Coalition (CCAC) SNAP
initiative that is supporting countries to undertake
national planning on Short-Lived Climate Pollutants
(SLCPs). It also builds on previous guidance on NDCs
enhancement (Fransen et al., 2017), and the inclusion
of SLCPs (Ross et al., 2018), as well as analytical work
by the CCAC Scientific Advisory Panel to formalise
the “Multiple Benefits Pathway Framework” (Shindell
et al., 2017). This framework emphasises that the path
taken to achieving the Paris temperature targets
matters because i) reducing temperature increases
in the near-term (e.g. next 25 years) can reduce
climate impacts and feedbacks such as snow and ice
melt, sea-level rise and biodiversity loss, ii) reduce
the cost of meeting long-term temperature targets
and iii) contribute to achieving multiple Sustainable
Development Goals through implementation of key
SLCP mitigation measures (Haines et al., 2017; Shindell
et al., 2017). It has been developed to highlight that
action needs to be taken immediately and that there
are strategies that can significantly reduce climate
change and air pollution impacts in the near term
which are synergistic with strategies to safeguard the
climate over the longer term (end of the century).
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Increase climate change mitigation
ambition by including/increasing
actions that improve Air Quality

GOAL

PROCESS

Integrated air
pollution and climate
change analysis

OPPORTUNITIES

CH4
HFC

7-Step process to evaluate air
pollution and climate change
mitigation potential of existing
and additional mitigation
measures

BC

Include measures on CH4/
HFC mitigation

WHY:
• Increase climate change mitigation
by targeting BC
• Achieve air pollution reductions by
reducing PM2.5 and PM2.5-precursor
emissions
• Some measures also reduce CO₂

WHY:
• Increase GHG mitigation potential
• Air pollution benefits from
methane mitigation

OPTIONS FOR
INCLUSION
IN NDCs AND
ACCOMPANYING
INFORMATION
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1.

Add CH4/HFC reductions to overall
GHG mitigation target
• Reflect increased ambition in overall
GHG mitigation target
2. Describe mitigation measures
• Increase clarity and transparency of
how climate change mitigation
commitment will be achieved
3. Add specific supplementary CH4/HFC
reduction goal
• Increase transparency and clarity on
how overall target will be achieved
• Reflects different effect on climate of
SLCPs compared with LLGHGs
4. Report CH4/HFC emission reductions
of measures
• Greater specificity for how measures
will contribute to achieve climate
change commitment
• Allows progress to be monitored
over time as NDC implemented

Include measures on BC

1.

Describe mitigation measures
• The specific measures, and how
they reduce BC and co-emissions,
determines overall effect on warming
• Increase clarity and transparency
of how climate change mitigation
commitment will be achieved
2. Include goal on black carbon in NDC
• Reflect additional commitment
to reduce contribution to climate
change through action on black
carbon (in addition to GHG
commitment)
3. Include estimated BC and co-emission
reductions for each measure
• Allows overall reduction in warming
from BC measures to be evaluated
• Demonstrates co-benefits for air
pollution from measure
• Demonstrates commitment to track
and monitor progress on black carbon
emission reductions, and co-emissions
over time in reporting

Figure ES1 (ONE SPREAD, OVER TWO PAGES). Practical framework and guidance for increasing climate change mitigation
ambition through inclusion of actions that improve air quality and health
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GOAL

Increase climate change mitigation
ambition by including/increasing
actions that improve Air Quality

PROCESS

PROCESS
Process provides outputs that can be
used to identify and prioritise mitigation
measures:
•

List of specific mitigation measures
that mitigate climate change and air
pollution

•

Greenhouse gas, short-lived climate
pollutant and air pollutant emission
reduction potentials for each measure
Estimated reduction in climate change,
air pollution and human health impacts
for each mitigation measure

•

OPPORTUNITIES

CO2

Include CO₂ measures that
achieve air quality goals

Align actions to achieve NDC
with other plans and strategies

WHY:
• Focus on air pollution increases GHG
mitigation potential
• Achieve local air quality benefits from
achieving climate change commitments
• Air pollution benefits can provide
motivation for implementation

OPTIONS FOR
INCLUSION
IN NDCs AND
ACCOMPANYING
INFORMATION

1.

Add CO₂ reductions to overall GHG
mitigation target
• Reflect increased ambition in overall
GHG mitigation target
2. Describe mitigation measures
• The mitigation measures determine
simultaneous reduction in air pollution
and CO₂ emissions
• Increase clarity and transparency
of how climate change mitigation
commitment will be achieved
3. Include CO₂ and air pollution emission
reductions for each mitigation measure
• Greater specificity for how measures
will contribute to achieve climate
change commitment
• Allows air pollution emission
reductions to be included as cobenefits of NDC implementation
• Allows progress to be monitored over
time as NDC implemented

WHY:
Ensure all agreed national actions are
reflected in climate change commitment
Identify/reconcile synergies and trade-offs
between NDC and other strategies
Align implementation across plans and
stakeholders

1.

Add GHG reductions to overall GHG
mitigation target
• Reflect increased ambition in overall
climate mitigation target
2. Describe mitigation measures
• Increase clarity and transparency
of how climate change mitigation
commitment will be achieved
• Show linkage to other plans and
strategies
3. Describe reduction in GHGs, SLCPs
and air pollutants from measures
included in other plans
• Greater specificity for how measures
will contribute to achieve climate
change commitment
• Allows air pollution emission
reductions to be included as cobenefits of NDC implementation
• Allows progress to be monitored over
time as NDC implemented

Figure ES1 CONTINUED... Practical framework and guidance for increasing climate change mitigation ambition through
inclusion of actions that improve air quality and health
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The practical analytical framework presented here
(shown in Figure ES2) includes seven steps for the
development of an integrated climate change and air
pollution mitigation analysis including the assessment
of the effect of different policies and mitigation
measures on GHGs, SLCPs and other air pollutant
emissions. This framework can build on existing

1
2
3
4
5
6
7

analyses, such as national GHG inventories and GHG
mitigation assessment, and will allow the identification
of a package of measures that can simultaneously
achieve a country’s climate change mitigation
ambition alongside local benefits for air quality and
sustainable development.

Estimate annual emissions of all particles and gases affecting climate, PM2.5 and
ozone pollution
Develop baseline scenarios for all sectors contributing to these emissions over the
medium to long-term
Evaluate the mitigation potential of all current national plans and strategies that
will affect emissions
Identify additional policies and measures providing further mitigation potential and benefits
Quantify the change in GHG, SLCP and air pollutant emission from implementing those
measures
Quantify the multiple benefits of implementing those measures (climate, air pollution,
development etc.)
Prioritise and finalise the selection of the package of mitigation measures and define targets

Figure ES2. Seven steps to undertake an integrated climate change and air pollution mitigation analysis
Four specific opportunities are outlined in Figure
ES1 and Figure ES3 explaining how climate change
mitigation ambition can be increased in ways that
will simultaneously in health benefits from reduced
CH4
HFC

OPPORTUNITY 1:

air pollution. It also explains how these opportunities
can be reflected in the NDCs and accompanying
information. These opportunities are shown in Figure
ES3.

OPPORTUNITY 2:

INCLUDE SPECIFIC METHANE

INCLUDE SPECIFIC BLACK CARBON

AND HYDROFLUOROCARBON

MEASURES WHICH HAVE A NET

(HFC) MITIGATION MEASURES

REDUCTION IN WARMING

NATIONALLY DETERMINED CONTRIBUTION

OPPORTUNITY 3:

OPPORTUNITY 4:

INCLUDE ADDITIONAL CO₂ MITIGATION

INCLUDE ADDITIONAL MITIGATION

MEASURES THAT ACHIEVE AIR QUALITY

MEASURES THAT FULLY ALIGN NDC WITH

AND HUMAN HEALTH GOALS

OTHER STRATEGIES (SECTORAL PLANS;
SDGS; KIGALI AMENDMENT; AIR QUALITY

CO2
Figure ES3. Four opportunities to increase ambition
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AND SLCP PLANS ETC.)

BC
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The Paris Agreement encourages all countries to
express their NDCs ( their overall climate change
mitigation ambition) in terms of an economywide GHG reduction target. In addition, the Paris
Agreement and Katowice Climate Package outline
that countries should accompany their NDC with
information necessary for clarity, transparency and
understanding. In line with these, the outputs from
the integrated air pollution and climate change
analysis provide cross-cutting considerations on how
the four opportunities can be reflected in the NDC,
and in the accompanying information on how this
will be achieved in a clearer, more transparent way,
to increase the comparability of a country’s climate
change commitments:
•

Reflect additional methane, HFC and CO₂
mitigation in the overall GHG reduction
target to show clearly the overall increase in a
country’s climate change mitigation ambition
from Opportunities 1 and 3.

•

Include specific mitigation measures to
explain how an overall or sectoral GHG target
will be achieved, to increase transparency
and enable assessment of the full range of
multiple climate change, air pollution and
sustainable development benefits from their
implementation (cf. specific measures related
to opportunities in Figure ES4).

•

Indicate the GHGs, SLCP and air pollutant
emission reductions associated with
implementation of each mitigation measure
to provide greater specificity on how each
mitigation measure will contribute to achieving
a country’s climate change commitment and
be able to evaluate the local air pollution
benefits that result.

•

Consider adding separate, supplementary
methane, HFC, and black carbon mitigation
goals to reflect i) how the NDC will be
achieved through mitigation of methane and
HFCs, and ii) the additional commitment to
mitigating climate change through actions to
reduce black carbon.

This guidance document aims to help national
planners interested in how their climate change
mitigation goals can be achieved, and/or increased,
through actions that result in local human health
benefits through improved air quality. The practical
framework for developing an ‘integrated air
pollution and climate change analysis’ can provide
the quantitative basis for identifying and prioritising
mitigation measures that can increase climate
change mitigation ambition and reduce SLCP
and other air pollutant emissions. This guidance
document outlines how this analysis can inform
and increase ambition of NDC updates, but it can
also be used in the development of other climate
change planning and reporting processes, such as the
development of new climate change actions plans,
Long-Term Low Emission Development Strategies,
National Communications and/or Biennial Update/
Transparency Reports, and facilitate consistency
and integration within climate change planning
processes. This guidance document shows how the
results from this analysis can be reflected in the
accompanying information to the NDC to provide
greater clarity and transparency as to how climate
change mitigation targets will be achieved, so that
ultimately i) more opportunities to access funding
for climate change mitigation measures with local air
pollution and sustainable development benefits are
realised, ii) showing the multiple climate, health, and
other benefits of the NDC broadens the coalition
of stakeholders supporting its implementation in
countries, and iii) monitoring and tracking of GHGs,
SLCPs and other air pollutant emissions are improved
and harmonised to inform future climate change
planning and reporting, and to increase capacity on air
quality management where necessary.

These are four clear
opportunities to increase
climate change ambition
through considering air
pollution benefits and SLCP
mitigation.
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CH4
HFC

OPPORTUNITY 1:

BC
OPPORTUNITY 2:

INCLUDE SPECIFIC METHANE

INCLUDE SPECIFIC BLACK CARBON

AND HYDROFLUOROCARBON

MEASURES WHICH HAVE A NET

(HFC) MITIGATION MEASURES

REDUCTION IN WARMING

Minimise venting, flaring and
fugitive emissions from oil and
gas sector
Minimise methane emissions
from coal mining through premine degasification and recovery
and oxidation of methane from
ventilation air
Minimise methane emissions
from solid waste at landfills sites
Upgrade wastewater treatment
plants with methane gas
recovery
Control of agricultural methane
emissions from livestock enteric
fermentation and manure
management
Reduce methane emissions
from rice production through
intermittent aeration of
continuously flooded paddy
fields

Introduce vehicle emission
standards for diesel vehicles
requiring best available
control technology and
eliminate high emitting diesel
vehicles
Adopt more efficient fuels and
technologies for cooking and
heating
Replace traditional brick kilns
with more efficient brick
production techniques
Eliminate open burning of
agricultural waste

Replace traditional coke ovens
with modern recovery ovens

Eliminate gas flaring in oil and
gas sector

Eliminate HFC emissions
from contained and emissive
applications
Figure ES4 (ONE SPREAD, OVER TWO PAGES). Specific mitigation measures, described in detail in Annex 1,
related to the four opportunities to raise NDC ambition outlined in Figure ES1.
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CO2
OPPORTUNITY 3:

OPPORTUNITY 4:

INCLUDE ADDITIONAL CO₂ MITIGATION

INCLUDE ADDITIONAL MITIGATION

MEASURES THAT ACHIEVE AIR QUALITY

MEASURES THAT FULLY ALIGN NDC

AND HUMAN HEALTH GOALS

WITH OTHER STRATEGIES

Replace fossil fuel-based
electricity generation with
renewable alternatives

Air Quality Strategy/
Air Quality Management
Plan

Implement energy efficiency
standards for industry,
households, commercial sector

HFC reduction strategy to
meet Montreal Protocol
Kigali Amendment HFC
phase-down schedule

Increase percentage of electric
vehicles in vehicle fleet

Improve public transport,
and increases in walking
and cycling, to reduce number
of journeys taken by
passenger cars

Sectoral Strategies
(e.g. road transport
plan, agricultural plan,
sustainable energy for
all strategy etc.)

National Development Plan/
Sustainable Development
Goals Voluntary National
Reviews

Control forest and
peatland fires

Figure ES4 CONTINUED... Specific mitigation measures, described in detail in Annex 1, related to the four
opportunities to raise NDC ambition outlined in Figure ES1.
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CHAPTER ONE

INTRODUCTION

This guidance document
provides practical
guidance to planners in
countries that are revising
and enhancing their
Nationally Determined
Contributions (NDCs).
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This document describes how climate change
mitigation ambition can be increased by considering
the link between actions to reduce emissions
causing climate change and improving air quality and
health. It outlines how specific mitigation measures
achieving simultaneous climate change mitigation
and air quality improvements can be identified,
prioritised and included in an enhanced NDCs, and
the accompanying information on how it will be
achieved, to increase ambition on greenhouse gas
(GHG) mitigation, while at the same time improving
air quality and human health.
The guidance is based on experience under the
Climate and Clean Air Coalition (CCAC) initiative
”Supporting National Action and Planning to reduce
SLCPs” (SNAP). It also builds on previous guidance
on NDC enhancement (Fransen et al., 2017), and
the inclusion of SLCPs (Ross et al., 2018), as well
as analysis by the CCAC Scientific Advisory Panel
(Shindell et al., 2017). While this guidance is focused
on enhancing the mitigation ambition of the NDC,
it does not look at other important aspects such
as those related to adaptation, implementation,
financing and transparency, which are covered
elsewhere (CBIT, 2018; Dodwell et al., 2016; GIZ,
2019; TAAN, 2019; WeADAPT, 2019).
The Paris Agreement adopted in 2015 has the
purpose of limiting global average temperature
increases to ‘well below’ 2°C and to take efforts to
limit the increase to 1.5°C above pre-industrial levels.
The Paris Agreement also makes clear that achieving
the temperature goals should be done ‘on the basis of
equity, and in the context of sustainable development
and efforts to eradicate poverty’ and refers to
obligations to protect “the right to health”. All parties
to the Paris Agreement are required to submit, every
5 years, ‘Nationally Determined Contributions’ that
outline their pledge to help meet this long-term
temperature goal.

Scientific studies have concluded that the level of
GHGs emission mitigation achieved through current
NDCs needs to be increased if the Paris Agreement
long-term temperature goals are to be achieved.
Estimates of future warming based on emission
pledges in current NDCs, assuming they are fully
implemented, vary between 2.3 and 3.7°C of warming
by 2100 (Gütschow et al., 2018; Jeffery et al., 2018;
Robiou du Pont and Meinshausen, 2018; Rogelj et
al., 2016). The necessity for substantially enhanced
and fast emission reductions is emphasised by the
Intergovernmental Panel on Climate Change (IPCC)
Report on 1.5°C of Global Warming (IPCC, 2018). The
report concluded that to limit warming to 1.5°C, there
is a requirement for global net anthropogenic CO₂
emissions to be reduced by 45% from 2010 levels
by 2030, and reach ‘net zero’ emissions by 2050.
This is in addition to substantial (35%) reductions
in methane, black carbon, and hydrofluorocarbons
(HFCs) emissions (UNEP, 2011).
Emissions to the atmosphere do not just contribute to
climate change. Exposure of people to air pollutants
(primarily fine particulate matter (PM2.5) and ozone),
is associated with many serious health impacts. Air
pollution is the largest environmental risk factor for
human health, with approximately 7 million premature
deaths attributable to air pollution exposure every
year (WHO, 2016), caused by an increased risk of
respiratory and cardiovascular diseases, and lung
cancer. Air pollution exposure is also associated
with non-fatal health impacts, including asthma
exacerbation (Anenberg et al., 2018), and adverse
pregnancy outcomes such a preterm birth (Malley et
al., 2017). Ozone pollution also damages vegetation,
reducing agricultural crop yields and natural
vegetation such as forests (Mills et al., 2018).

13

CHAPTER ONE

AIR
POLLUTANTS
Nitrogen Oxides (NOx)
Non-methane Volatile Organic
Compounds (NMVOCs)
Sulphur Dioxide (SO2)
Ammonia (NH3)
Particulate Matter
(PM2.5, PM10)
Carbon Monoxide (CO)
Heavy metals
Persistent Organic Pollutants (POPs)

GREENHOUSE
GASES

SHORT-LIVED
CLIMATE
POLLUTANTS

Black Carbon
(BC)

Methane
(CH4)

Tropospheric
Ozone (O3)

Hydrofluorocarbons (HFCs)

Carbon Dioxide (CO₂)
Nitrous Oxide (N₂O)
Perfluorocarbons (PFCs)
Sulphur Hexafluoride (SF₆)
Nitrogen trifluoride (NF₃)
Chlorofluorocarbons (CFCs)
Hydrochlorofluorocarbon (HCFCs)

Figure 1: List of air pollutants (defined based on those reported under the Convention on Long-Range
Transboundary Air Pollution (CLRTAP), SLCPs, and GHGs (defined as those considered by the Intergovernmental
Panel on Climate Change), showing the overlap between these categories. Methane, although it is not an air
pollutant itself, is the most important precursor determining background levels of tropospheric ozone.

The recent focus on air pollution provides an
opportunity for enhanced action on climate change.
This is because the issues of climate change and air
pollution are substantially linked, as i) some pollutants
(i.e. the ‘SLCPs’: methane, tropospheric ozone and
black carbon) contribute to both warming of the
atmosphere and to adverse impacts on human health
and vegetation, ii) many major sources of air pollution
are also major sources of GHGs and, iii) some
necessary air pollution policies, required to reduce
PM2.5 to protect human health and the environment,
will lead to the unwanted effect of accelerated
warming, because of the removal of the ‘cooling’
effect of these aerosols on climate. The three groups

Taking action on air
pollution can reduce
GHG emissions
14

of pollutants considered here, GHGs, SLCPs, and
other air pollutants, are shown in Figure 1.
Targeting SLCPs is an opportunity to address
climate change and air quality simultaneously,
especially reducing the rate of near-term warming.
The SLCPs include methane, tropospheric ozone
and hydrofluorocarbons (HFCs), which are all also
GHGs, and black carbon, a component of PM2.5 which
warms the atmosphere, but which is not a GHG.
They have been grouped together due to their i)
relatively short atmospheric lifetime (days to a couple
of decades), ii) warming effect on the atmosphere
and iii) effects on human health and agricultural

Opportunities for Increasing Ambition of Nationally Determined Contributions through Integrated
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countries and regions where the emission reductions
occur. Simultaneously, implementing these measures
was estimated to avoid 0.5°C of global temperature
increase making an important contribution to limiting
global temperature rises in the near-term. When
combined with fast and ambitious CO₂ mitigation,
SLCP strategies can help to limit the rate of
temperature rise to achieve the Paris targets (Figure
2) (IPCC, 2018). The mitigation measures identified
to reduce SLCPs have also been shown to contribute
to achieving multiple Sustainable Development
Goals(Haines et al., 2017).

crop yields as air pollutants (except HFCs). The
UNEP/WMO (2011) Integrated Assessment of
Black Carbon and Tropospheric Ozone identified
sixteen measures targeting the main sources of
black carbon and methane in key sectors such as
residential, agriculture, transport, industry, waste
and oil and gas. The air quality benefits from full
implementation of these measures globally by 2030
was calculated to be 2.4 million premature deaths
avoided in 2030 compared to the reference scenario,
as well as avoiding the loss of 52 million tonnes of
4 staple crops (rice, wheat, maize and soy), due to
less crop damage from ozone exposure. These air
quality benefits are mainly achieved locally, in those

CLIMATE MITIGATION
PATHWAYS
Avoided global warming by 2050

Business
as usual

3°
Early action
on SLCPs only
Early action
on long-lived
greenhouse
gases only
Delayed SLCP
action
Early action
on both long-lived
greenhouse gases
and SLCPs

2°

2°

1.5°

1°

1900

1950

2000

2050

°C

Figure 2: Progression of global
average temperature change from
2010 to 2070 for a reference
scenarios (purple), implementation
of CO₂ mitigation measures (red),
implementation of 16 black carbon
and methane measures (blue),
and implementation of CO₂, black
carbon and methane measures
together (green).
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More broadly, action on climate change mitigation
can achieve air quality benefits (Vandyck et al.,2018)
calculated that implementation of the mitigation
measures included in the first NDCs in all countries
could avoid 77,000-91,000 premature deaths
attributable to air pollution exposure globally in 2030.
Additional GHG mitigation to limit global temperature
increases to below 2°C could yield even larger
benefits of 178,000-346,000 avoided premature
deaths in 2030, and over 1 million premature deaths
in 2050 (Vandyck et al., 2018).
These are strong arguments to look at GHGs, SLCPs
and other air pollutants in an integrated way to ensure
that the most efficient measures for both climate
change and air pollution mitigation are selected, and
possible trade-offs are considered and compensated
for, where possible. As countries undertake revisions
to their NDC, the consideration of integrated air
pollution and climate change mitigation provides
a substantial opportunity to enhance their climate
change mitigation ambition to achieve the Paris
temperature targets. This guidance document outlines
how this can be done through the identification,
and prioritisation of actions which mitigate climate
change, but which also simultaneously contribute to
improvements in human health through improved air
quality, and to achieving other nationally determined
high-priority sustainable development goals.
This guidance document focuses on the opportunities
for how integrated air pollution and climate
change mitigation can be mainstreamed into the
NDCs, and on the mitigation measures that can
be considered to achieve this (described in detail
in Annex 1). However, this guidance could also be
applied to the development of other relevant plans
and policies, including national climate action plans,
long-term low-GHG emission strategies, air quality
management plans, national development plans and
sectoral plans, and climate change reporting, such
as National Communications, and Biennial Reports/
Biennial Update Reports. Examples of this integration
are included in Ghana’s Fourth Greenhouse Gas
National Inventory Report, Mexico’s 6th National
Communication and Chile’s Third Biennial Update
Report.
The Paris Agreement encourages all countries to
express their NDC, their overall climate change
mitigation ambition, in terms of an economywide GHG reduction target. In addition, the Paris
Agreement, and Katowice Climate Package, outline
that countries should accompany their NDC with
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information necessary for clarity, transparency
and understanding. However, recognising that
countries have different priorities, considerations and
approaches when revising their NDC, this guidance
provides a menu of options, within the parameters of
the Paris Agreement and Katowice Climate Package,
for how integrated air pollution and climate change
mitigation measures can be used to enhance the
mitigation ambition of an NDC.
Firstly, a framework for assessment of the potential
of mitigation measures to mitigate GHGs, SLCPs
and other air pollutants is presented that can be
used to identify and prioritise those measures with
multiple air pollution and climate change benefits
(Section 2). Then, four specific opportunities,
informed by the results obtained from such an
assessment, for how an NDC can be enhanced
through the inclusion of specific mitigation measures
that achieve simultaneous air pollution and climate
change mitigation are presented (Section 3). Annex
1 provides more detail on each of the mitigation
measures outlined in Section 3. The mitigation
measures included are based on those identified as
having air pollution and climate change benefits in
previous assessments (CCAC, 2018; UNEP/WMO,
2011; UNEP, 2018).
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TAKING ACTION ON AIR POLLUTION CAN REDUCE
GHG EMISSIONS: THE CASE OF THE ASIA-PACIFIC
REGION

A 2018 Assessment ‘Air Pollution in the Asia-Pacific: Science-Based Solutions’ highlights that air
pollution in the Asia-Pacific region is higher than in any other region of the world (UNEP, 2019).
The report identified and prioritised mitigation measures based on the extent to which they
reduced PM2.5 air pollution exposure. In total, 25 ‘clean air’ measures were selected as having
the largest benefits, and were categorised as i) conventional clean air measures (e.g. industrial
emission controls, vehicle emission standards), ii) next-generation clean air measures (e.g. related
to emissions reduction from more distributed sources such as crop residue burning, open burning
of waste, fertilizer application, livestock, brick kilns etc.), and iii) measures that are development
priorities with clean air benefits (focusing on more structural changes to change sources of energy,
increase efficiency and included clean cooking and heating, renewable electricity generation,
energy efficiency etc.). Full implementation of these 25 mitigation measures across Asia would allow
1 billion people to breathe air with PM2.5 concentrations below the WHO guideline in 2030, and
could reduce crop loss of maize, rice, wheat and soy by 45% in 2030.
Even though the criteria for selection of the measures focused on their ability to reduce air
pollution, their implementation would also reduce GHGs, including CO₂ emissions by 20%, methane
emissions by 40% and HFC emissions by 80%. This means that in 2050, actions to improve air
quality in Asia could result in avoiding 0.3°C of warming globally, according to modelling undertaken
in this Asian assessment. This mainly resulted from those measures that are structural changes, such
as increased efficiency and shifting from fossil fuel to renewable energy.
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A PRACTICAL
FRAMEWORK FOR
INTEGRATED AIR
POLLUTION AND
CLIMATE MITIGATION
ASSESSMENT
OF OPTIONS TO
ENHANCE NDCs
This section outlines a
practical framework to
undertake an integrated
air pollution and climate
change mitigation analysis,
including assessment of the
effect of different policies
and mitigation measures
on GHGs, SLCP and other
air pollutant emissions.
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This framework can build on existing climate change
analyses, such as the national GHG emission inventory
or GHG mitigation assessment, and can be applied as
part of a climate change planning/reporting process
to:
•

•

•

Ensure that the climate change mitigation
impacts of all existing plans and policies
in a country are reflected in the NDC and
ensure their coherence towards achieving the
national climate objectives
Understand the local air quality and health
benefits of planned mitigation actions to
strengthen the case for implementation
of existing mitigation measures to achieve
climate change mitigation goals
Identify additional mitigation measures with
greatest benefits for climate change and
air pollution mitigation and those that can
help slow the pace of climate change in the
near-term, in addition to achieving long-term
temperature targets.

The Climate and Clean Air Coalition’s (CCAC)
Scientific Advisory Panel formalised this approach
as the “Multiple Benefits Pathway Framework”.
This framework is an integrated approach that links
strategies to reduce emissions of CO₂, SLCPs, and
other air pollutants. It allows for the identification
of mitigation strategies that can maximise health
improvements and other key local development
priorities, and at the same time significantly reduce
the rate of warming in the near- (e.g. next 25 years)
and long-term (e.g. 2100), contributing to the
achievement of the Paris Agreement temperature
targets.
This framework emphasises that the path taken to
achieving the Paris temperature targets matters.
It has been developed to highlight that we need to
take action immediately and that there are strategies
that can significantly reduce climate change and air
pollution impacts in the near term – reducing health
impacts immediately – which can be synergistic
with strategies that will safeguard the climate over
the longer term (end of century), and importantly
emphasise the need to follow the most sustainable
path on the way to achieving Paris targets.

This section outlines a practical application of the
framework for practitioners in countries, subnational regions or cities. An application of the
Multiple Benefits Pathway Framework first estimates
baseline emission scenarios, and then the emissions
estimated for the implementation of different
mitigation scenarios. These mitigation scenarios can
represent a range of different existing, proposed
and new strategies and mitigation measures related
to GHG mitigation, air pollution abatement, energy
planning, sustainable development, or sectoral
strategies. These scenarios are then evaluated in
terms of their reductions in GHG, SLCP and other
air pollutant emissions. The benefits of implementing
the mitigation measures in these scenarios can
be evaluated in terms of reduced global average
temperature change, the number of avoided
premature deaths from reduced air pollution, and/or
avoided crop losses.
This approach is consistent and builds on assessments
that are commonly undertaken for assessment of
GHG mitigation options for climate change planning.
The distinction between this approach and modelling
typically undertaken by countries for climate change
planning (Weitzel et al., 2019) is that i) in addition
to assessing baseline and the mitigation potential
of GHG emissions, emissions of SLCP and other air
pollutants are explicitly included in the analysis, and ii)
the specific impacts of all of these emissions (GHGs,
SLCPs and other air pollutants) on air pollution
concentrations, human health, crop yield loss and
climate change (global average temperature change)
are quantified.
The key point is that, regardless of the primary
purpose of a plan, strategy or mitigation measure, the
analysis shows the overall effect of these mitigation
measures on both climate and air quality, allowing
mutually beneficial strategies to be developed.
Therefore, while the framework is relevant for
revision and enhancement of NDCs, it is also relevant
for other climate change planning processes, such
as the development of long-term low GHG emission
development strategies encouraged in the Paris
Agreement (United Nations, 2015).
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PRACTICAL APPLICATION OF THE FRAMEWORK
The Multiple Benefits Pathway Framework can be
practically applied by a country by modelling emission
reduction scenarios to concretely demonstrate the
emission reduction possibilities for GHGs, SLCPs
and other air pollutants. It also allows practitioners
to calculate the potential near- and long-term
temperature reductions for the world, and the
social and economic benefits that will accrue from
mitigation measures in the country taking action
especially, but not only, related to reducing air
pollution.
The process can be synthesised in the 7 main
steps outlined below. Each step will likely require
consultation with key stakeholders, particularly
the planning and sectoral Ministries for example to
identify available data to undertake the analysis, and
to identify mitigation measures and to define their
targets and timelines. This framework is focused on
the analytical process and does not address other
key elements such as the set-up of the process, the
consultation with stakeholders, the institutional setup for implementation, the financing, the Monitoring,
Reporting and Verification (MRV) framework, etc.
Many elements of the climate change planning
process may be well set up to facilitate the integration
of SLCPs, and other air pollutants into this process.
For example, because GHGs, SLCPs and other air
pollutants share many of the same source, forums for
consultation on climate change planning will likely
include many of the same stakeholders required to
discuss mitigation of SLCPs and air pollutants. As this
practical framework outlined, the data and methods
to assess GHG, SLCP and other air pollutant emissions
have substantial overlap, and therefore it can be more
efficient to integrate assessment of these pollutants.
However, increased coordination across agencies
with responsibility for climate change planning and

This 7 step process outines
practically how air pollution
and SLCP can be integrated
into climate change planning.
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air quality management may be essential to facilitate
the integration of SLCPs and other air pollutants
into process for revising and updating NDCs. These
institutional and governance issues have been
discussed previously (Akahoshi et al., 2019; CCAC
SNAP, 2016; Zusman and Amanuma, 2018).
The climate change planning process, including
the NDC revision process, will differ between
countries based on the political context, institutional
set-up, and technical and human capacity in the
division responsible for climate change planning.
The analytical process to support the NDC revision
may be institutionalised within the climate change
planning division, or it may be a one-off exercise, in
some cases undertaken by international consultants.
Each country and national planner will therefore have
to determine how or whether this analytical process
can be implemented within their specific process
for climate change mitigation planning, and NDC
revision.
As outlined in Hohne et al. (2014), there are different
approaches to defining the mitigation ambition of an
NDC. These range from the definition of a national
GHG mitigation target at a political level, i.e. a
top-down approach (e.g. a percentage reduction
in economy-wide GHG emissions) or a bottom-up,
‘technology-driven’ definition of an overall GHG
mitigation target through the aggregation of GHG
mitigation potential for individual plans, strategies,
policies, regulations, measures and other actions. This
framework can be equally applied to identify i) the
specific mitigation measures that can be implemented
to achieve a top-down GHG mitigation target (and to
identify and prioritise those mitigation measures that
will achieve a GHG reduction target while maximising
air quality, health and sustainable development
benefits), and ii) the overall GHG mitigation potential
(and associated air pollution and health benefits) for
a group of specific mitigation measures included in
plans, strategies, regulations etc considered in the
‘bottom-up’ approach.
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STEP 1:

ESTIMATE ANNUAL EMISSIONS
OF ALL PARTICLES AND GASES
AFFECTING CLIMATE, PM2.5 AND
OZONE POLLUTION
In order to assess the potential of specific mitigation
measures to reduce emissions that affect the
climate and air quality, it is necessary to start with
an understanding of the present emission levels, and
the major sources, of all species that contribute to
both issues (GHGs, SLCPs and other air pollutants
are shown in Figure 1). To facilitate understanding of
the major sources of each pollutant, and therefore
the options for mitigation, it is necessary to calculate
all emissions should be calculated in mass units (e.g.
tonnes).
It is also useful to develop these historical emission
estimates of GHGs, SLCPs and other air pollutants
together, in a single ‘integrated’ analysis, rather
than relying on independently developed GHG
and air pollutant emission inventories. Separate
emission inventories may use different activity data
to represent different sources, making comparison
difficult. Developing an integrated emission inventory
can also be more efficient, as there is substantial
overlap in the data needed to estimate GHG, SLCP
and air pollutant emission inventories. The overall
aim of the framework presented in Steps 1-7 is to
evaluate the emission reductions associated with
the implementation of specific measures. In order
to obtain a consistent estimate of how emissions are
likely to change for a baseline (Step 2) and mitigation
scenarios representing specific measures (Steps 3 and
4), then a common starting point for GHG, SLCP and
air pollutant emissions is necessary. This integrated
emission inventory could build on the existing national
GHG emission inventories that have already been
developed in many countries due to the substantial
overlap in methodologies and activity data required
to estimate emissions of GHGs, SLCPs and other air
pollutants.
The IPCC guidelines for national GHG inventories
(IPCC, 2006), and their 2019 refinement
(IPCC, 2019a) provide default globally relevant
methodologies, and default emission factors for
estimating GHG emissions from all major source
sectors. For air pollutants, the IPCC guidelines
currently recommends that the EMEP/EEA air

pollutant emission inventory guidebook (EMEP/EEA,
2016) is used as a default source of data where locallyspecific emission factors are not available. Therefore,
setting up or extending a national inventory system
to includes all GHGs and air pollutants is consistent
with IPCC recommendations. In June 2019, the IPCC
decided that it will extend the methodologies covered
in its guidance on estimating GHG emissions to also
include guidance on estimating emissions of shortlived climate forcers (SLCFs, which include SLCPs and
short-lived substances that cool the atmosphere like
SO2, and organic carbon) (IPCC, 2019b). This work
will assess the consistency of methods for estimating
GHG, SLCP and other air pollutant emissions, and
develop recommendations for estimating emissions
of SLCPs and air pollutants. This work (which will take
place between 2019 and 2022-2023) will provide
a globally relevant guidance on how emissions of
GHGs, SLCPs and air pollutants can be estimated in
a consistent way. This will build on the current IPCC
recommendation to quantify air pollutant emissions
using EMEP/EEA methodologies by default, and
further enhance the ability to undertake the type of
integrated air pollution and climate change analysis
described in Steps 1-7 for the NDC revision cycle
ending in 2025.

STEP 2:

DEVELOP BASELINE SCENARIOS
FOR ALL SECTORS CONTRIBUTING
TO THESE EMISSIONS OVER THE
MEDIUM- TO LONG-TERM (AT LEAST
BEYOND 2030)
The implementation of mitigation measures take time
(e.g. for a regulation to be developed and robustly
enforced, for the penetration of a new technology,
or for a change in behaviour to occur). It is therefore
necessary to assess how emissions are likely to
change into the future through the development of
projections or scenarios. A projection or scenario is a
consistent storyline of how the drivers of emissions
in each sector are likely to change into the future,
and the resultant consequences for GHG, SLCP
and air pollution emissions. The development of a
baseline, reference or ‘business-as-usual’ scenario
provides a future projection of emissions without the
implementation of any mitigation measures, against
which scenarios that include mitigation measures can
be compared. Even without mitigation measures that
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are yet to be implemented, emissions in a country
are unlikely to stay constant, as socio-economic
development (e.g. changes in demographics and
economic output), and the implementation of
legislation, regulations and policies that have already
been agreed will affect how emissions progress into
the future. The baseline scenario aims to capture
these changes, in the absence of additional policy
interventions, and show how emissions are likely to
progress.
Developing scenarios beyond 2030 increases
uncertainty in the longer-term emission estimates,
but it also enables practitioners in countries to
assess potential synergies and trade-offs between
near and long-term emission reduction plans, and
to capture emission reductions that occur from the
successful implementation of a mitigation measure
beyond 2030. To develop the baseline scenario,
projections should be made based on how each sector
is expected to develop without further intervention.
There are a range of methods that are commonly
used to create future projections (both for baseline
and mitigation scenarios), including activity analysis,
econometric analysis, macroeconomic modelling,
stock-turnover analysis, and optimisation modelling
(Danish Energy Agency, 2013). All of these methods
are compatible with the Multiple Benefits Pathway
Framework outlined here. The key point is that for
their application in this 7-step ‘integrated air pollution
and climate change mitigation’ analytical framework
requires that the emissions of GHGs, SLCPs and other
air pollutants are quantified in the application of these
methods for developing future projections.

STEP 3:

EVALUATE THE MITIGATION
POTENTIAL OF ALL CURRENT
NATIONAL PLANS AND STRATEGIES
THAT WILL AFFECT EMISSIONS
Countries are already developing a wide range of
plans, strategies and regulations that will affect the
trajectory of GHG, SLCP and air pollutant emissions
into the future, including climate change and air
quality plans, and national development plans, but
also sectoral strategies, such as road transport
plans, waste management strategies, agricultural
plans, industrial strategies, renewable energy and
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energy efficiency plans etc. The mitigation measures
included in these plans and strategies may have been
developed in a coherent way, or separate plans and
strategies may reflect different levels of ambition in
terms of the mitigation measures that will be taken to
reduce emissions in a particular sector.
A database of mitigation measures from all plans and
strategies, including the NDC, other climate change
strategies, air quality management strategies, national
development plans, sectoral plans, etc. could usefully
be compiled to understand how these interact.
Opportunity 4 (described in Section 3) which outlines
the ability to enhance the mitigation ambition of
the NDC through alignment with other plans and
strategies, is relevant to this stage of the process.
If the GHG emissions reductions from mitigation
measures included in other plans and strategies
are not already included in the NDC, then their
inclusion can increase the overall GHG mitigation
target and better reflect all actions the country will
take to reduce their contribution to climate change.
Synergies between measures included in different
plans and strategies can be maximised to ensure
effective implementation of all plans and strategies
and trade-offs can be identified and compensated for
where possible.
The effect of these mitigation measures should then
be modelled in the analysis to allow assessment of
i) the overall GHG, SLCP and other air pollutant
emission reduction potential of mitigation measures
included in existing plans and strategies in the
country, and ii) any synergies and/or inconsistencies
between the mitigation measures, level of ambition
and timeline for implementation included in different
plans and strategies. The purpose of this assessment
is to estimate how much emissions of GHGs, SLCPs
and other air pollutants will change as a result of the
implementation the particular mitigation measure.
The methodologies described above under Step 2
can also be used to develop scenarios that model
the effect of implementing a particular mitigation
measure. In order to undertake this assessment,
it is necessary that the list of mitigation measures
compiled includes a specific target and timeline for
achieving their stated goals (e.g. all new vehicles meet
the Euro 6 emission standard starting in 2022; 50% of
households cook using LPG or electricity by 2030).
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STEP 4:

IDENTIFY ADDITIONAL POLICIES
AND MEASURES PROVIDING
FURTHER MITIGATION POTENTIAL
AND BENEFITS
When aiming to increase climate change mitigation
ambition or to identify how a top-down GHG
mitigation target can be met, it is useful to assess
whether there are additional mitigation measures
that are not currently considered in existing plans,
strategies and regulations but which could yield
further climate change mitigation and air quality
benefits. There may also be mitigation measures
for which the level of ambition could be increased,
or where the timeline for implementation could be
brought forward, yielding greater benefits than being
considered in existing plans. It may only be required
after Steps 5 and 6 have been completed and the
extent of the GHG, SLCP and air pollutant emission
reductions from mitigation measures in existing plans
and strategies have been quantified.
Additional mitigation measures not included in
current plans may be identified from various
sources, including plans and strategies developed
in other countries, as well as global (UNEP/WMO,
2011) and regional (CCAC, 2018; UNEP, 2018)
assessments of the emission reduction potential
of different mitigation measures. For the purpose
of this document, to provide guidance on specific
mitigation measures that can simultaneously improve
air quality and mitigate climate change, a list of
relevant mitigation measures is provided in Annex 1,
grouped into three categories. These three groups
correspond to the Opportunities 1-3 to enhance
the mitigation ambition of the NDC described in
Section 3, and focus on mitigation of methane and
hydrofluorocarbons, the second group on mitigation
of black carbon and co-emitted pollutants with a
net reduction in atmospheric warming, and the third
group on reduction of CO₂ and air pollutants.
Including additional mitigation measures that were
often overlooked in the first NDCs in these three
categories at this stage in the process allows options
for increasing the contribution of methane to overall
mitigation, HFCs and black carbon to increase the
ambition of the revised or subsequent NDC. It also
allows the local air pollution benefits of mitigation
measures that target CO₂ to be quantified. These

estimated air quality benefits can then be used in
the prioritisation of mitigation measures to meet the
NDC mitigation target, and/or to increase ambition
of CO₂ mitigation measures because of the additional
local benefits that could be achieved.
Additional mitigation measures that target only
GHGs (e.g. measures to reduce N₂O, SF₆ and PFCs),
or that only reduce air pollutant emissions (e.g.
flue-gas desulfurisation (FGD) or Selective Catalytic
Reduction (SCR) fitted to power stations to reduce
SO₂ and NOx emissions, respectively), as well as
broad-based market instruments such as carbon
pricing, are not listed in this guidance document
but could also be included as part of an integrated
analysis to evaluate the effect of the whole range of
mitigation measures being considered.
As with Step 3, a list of additional mitigation measures
should be compiled, alongside a specific target and
timeline for implementation. Various criteria can be
used to determine the additional mitigation measures
evaluated and the level of ambition and timeline
for implementation that are assigned to them. The
criteria used to determine the level of ambition of
additional mitigation measures could include cost,
technical effectiveness of the measure, difficulty of
implementation, availability of the technology, time
to introduction and benefits, and contribution to
other national priorities and development goals (e.g.
as expressed in SDGs). Once the list of mitigation
measures has been developed, they can be included as
mitigation scenarios in the integrated analysis in the
same way as mitigation measures included in existing
plans described under Step 3.

The Annex describes concrete
policies and measures that
have climate mitigation and
air pollution benefits.
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STEP 5:

QUANTIFY THE CHANGE IN
GHG, SLCP AND AIR POLLUTANT
EMISSIONS FROM IMPLEMENTING
THE MITIGATION MEASURES
This step estimates the reduction in GHG, SLCP and
other air pollutant emissions from implementing
different mitigation measures disaggregated into
separate pollutants. The emission reduction potential
estimates for each measure and for each pollutant are
based on the targets and timelines defined for each
measure in Step 3 and 4, as well as the assumptions
used to translate the measure into a scenario in the
analysis. The key to achieving this Step in the analysis
is that the methods used to develop the projections
for a baseline scenario (Step 2), and for the mitigation
scenarios that model the implementations of different
plans, strategies and mitigation measures (Steps
3 and 4), need to include quantification of GHGs,
SLCPs and other air pollutants, for example using the
emission quantification approaches developed by
IPCC (2006) and EMEP/EEA (2016), as outlined in
Step 1. Commonly, analysis of the emission reduction
potential of mitigation measures as part of climate
change planning considers only GHGs. The inclusion
of SLCP and air pollutant emission reduction potential
of mitigation measures is therefore the key difference
between the integrated air pollution and climate
change analytical framework and a traditional climate
change mitigation assessment.
It is this step that provides the emission reductions
of GHGs, SLCPs and air pollutants that can be used
to revise the NDC according to the four options
outlined in Section 3. When revising the NDC, it can
be useful to report mitigation targets or estimated
emission reductions separately for each pollutant
(in mass units, e.g. tonnes) and for each sector and/
or mitigation measure included, in addition to an
overall GHG reduction target expressed in CO₂e. The
advantages are: i) it increases transparency and makes
tracking progress on NDC implementation clearer;
ii) it allows assessment of the different effects on
climate change and air pollution health effects that
the various substances (e.g. CO₂, methane, black
carbon) have; and iii) the specific contribution of a
particular mitigation measure to achieving a country’s
climate change commitment can be clearly shown
(See Section 3).
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STEP 6:

QUANTIFY THE MULTIPLE BENEFITS
OF IMPLEMENTING THOSE MEASURES
In addition to estimating the emission reduction
potential of each GHG, SLCP and other air pollutant
from the implementation of particular mitigation
measures, it can also be useful to estimate the specific
changes in climate change and air pollution impacts
that could result from the implementation of each
measure.
Different substances have different effects on the
climate and on concentrations and exposure to air
pollution. Similarly, different mitigation measures
will have differing effects on emissions of different
pollutants. Extending the analysis to quantify the
changes in climate change and air pollutant impacts
can therefore provide an overall assessment of the
effectiveness of a mitigation measure on the overall
impact, accounting for the change in emissions
of all GHGs, SLCPs and air pollutants. This impact
assessment analysis can be used to prioritise those
measures which lead to the largest simultaneous
reductions in air pollution and climate change impacts
(in addition to other prioritisation criteria described
below in Step 7). It can also be an effective tool to
communicate the ambition of mitigation measures
and plans to a broader audience.
There are well-established methodologies to quantify
the impacts of mitigation measures on climate change
and air pollution. The following are metrics that are
commonly quantified as part of an integrated analysis.
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METRICS COMMONLY QUANTIFIED AS PART OF
AN INTEGRATED ANALYSIS

a. Global average temperature change in the near-

and long-term: It is possible to use approaches to
estimate the impact of all emissions (GHGs, SLCPs and
cooling substances) on global average temperature
change over time to understand the impact of emission
changes over the near- (e.g. next 25 years) and longterm (e.g. 2100). The global average temperature
change, can be quantified using various methods,
including the global or regional average temperature
potentials (Shine et al. 2005; Shindell 2012). These
metrics quantify the impact of all emissions (both
warming and cooling substances) on climate on a
common scale, and can evaluate the effectiveness of
a mitigation measure on global average temperature
changes in the near- (e.g. next 25 years) and longterm (e.g. 2100). The IPCC Special Report on 1.5°C
of Global Warming emphasizes the need for large and
fast reductions of CO₂, and therefore CO₂ emission
reductions should be included in the prioritisation
of mitigation measures. However, estimating the
effect of changes of all emissions on global average
temperature change can be used to identify those
measures that will be most effective in reducing a
country’s overall contribution to climate change in the
near- and long-term, based on changes in emissions of
all substances. It can therefore be a useful metric to
assess the pathway that a country is taking to achieving
its long-term climate change mitigation goal, and as
an additional metric to inform the prioritisation of the
mitigation measures selected for the NDC.

b. Population exposure to air pollutants: Emissions of

pollutants are transported by weather patterns in the
atmosphere, and chemically react to form different
pollutants, which both determine the resulting
exposure of a population to emissions of a particular
pollutant from a particular location. The health effects
of air pollution are based on the concentration of
an air pollutant that a population is exposed to, and
hence the World Health Organisation guidelines for
protection of human health are defined in terms
of ambient (outdoor) air pollutant concentrations
(WHO, 2006). Population-weighted concentrations
of the pollutants most associated with negative health
effects (i.e. fine particulate matter (PM2.5) and ozone
(O3)) can therefore be quantified from precursor
emissions to show how exposure of populations to air
pollutions could be reduced from implementation of
mitigation measures. Methods to convert emissions
to concentrations include atmospheric-chemistry

transport models, and reduced form versions of these
models (Anenberg et al., 2016).

c.

Air pollution-related health impacts: Air pollution
is associated with a range of fatal and non-fatal
diseases in adults and in children, particularly of the
respiratory and cardiovascular systems. There are
published exposure-response functions that can be
used to quantify the effect of air pollution exposure
on different health outcomes (Héroux et al., 2015;
WHO Regional Office for Europe, 2013). The most
common metric used to quantify air pollution health
impact is premature mortality. It can be quantified
with approaches developed by the World Health
Organisation and Global Burden of Disease Project
commonly applied globally, which requires that
emissions are converted to estimates of PM2.5 and
ozone concentrations to quantify this exposure (see
Step 6). The PM2.5 and/or ozone exposure, and the
associated health impacts show the overall effect
of changes in air pollutant and SLCP emissions on
air quality from implementing one or a package of
mitigation measure(s).

d.

Air pollution vegetation impacts:
Ozone air pollution has toxic effects in plants,
which results in decreased yields for some crops
(including staple crops wheat, rice, maize and
soybean), as well as reductions in biomass growth
in forests. Concentration-response functions have
been developed that quantify the effect of ozone air
pollution exposure of plants on agricultural crop yields
and other vegetation (Van Dingenen et al., 2009). The
most common metric used to quantify air pollution
impacts on vegetation is the tonnes of rice, wheat,
maize and soybean lost due to exposure to ozone.

e.

Other development benefits: Other impacts can
also be quantified, or qualitatively assessed, including
the economic damages from air pollution health and
vegetation impacts, and climate change. The specific
measure evaluated will in many cases determine the
associated sustainable development benefits from
its implementation. The Sustainable Develop Goals
impacted by Haines et al. (2017), and are summarised
in Annex 1 for each mitigation measures included in
this guidance. The connections between the actions
and measures included in the first NDC and the 17
SDGs (and their targets) can be explored through
the NDC-SDG Connections tool.

Box 1: Impact metrics commonly used to assess air pollution and climate change analysis.
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STEP 7:

PRIORITISE AND FINALISE THE
SELECTION OF THE PACKAGE OF
MITIGATION MEASURES AND
DEFINE TARGETS
This step assesses all the measures included and
identifies the ‘package of measures’ that will
be included in the revised NDC. An integrated
assessment of the climate change and air pollution
mitigation potential of a range of mitigation measures
included in current plans, and additional mitigation
measures (described in Steps 1-6) provides the
quantitative analysis of how effective these mitigation
measures could be in improving air quality and
reducing a country’s impact on climate change. It is
important to note that the overall mitigation potential
of the package of measures selected may not simply
be the summation of emission reductions from each
individual measure due to interactions between
measures which may enhance or offset emission
reductions. For example, the emission reduction
potential of a mitigation measure to increase the
proportion of electric vehicles in a country’s vehicle
fleet will depend not only on the reduction in tail-pipe
emissions from the replacement of gasoline and diesel
vehicles. It will also depend on the actions specified
in the electricity generation sector, and specifically
what technology (fossil fuel or renewable) that will be
used to generate the electricity to power the electric
vehicles. Therefore, the analysis should assess the
overall effect of all measures selected for inclusion in
the revised NDC together.
The decision on which of the analysed mitigation
measures to include in a revised NDC will require
consideration of additional aspects on top of the
mitigation potential and co-benefits (air quality,
health, social, gender, etc.) and prioritisation based

This 7 step process outines
practically how air pollution
and SLCP can be integrated
into climate change planning.
26

on nationally determined criteria. Additional criteria
could include feasibility of implementation of a
mitigation measure, barriers to implementation, costs
of implementation, resource mobilisation options, etc.
This step is also the opportunity to identify potential
synergies and conflicts between mitigation measures
that can achieve different air quality and climate
change goals. This step will also likely require further
consultations with stakeholders and the consideration
of possible implementation pathways for each of the
measures. It may also require additional analyses to be
undertaken, e.g. cost-benefit analysis to determine
those mitigation measures with the greatest benefit
for the cheapest cost (Bollen et al., 2009; Schucht et
al., 2015).
After the application of Steps 1-7, this integrated
analysis can provide the quantitative basis to
define the economy-wide GHG emission reduction
target, and/or the mitigation measures that will be
implemented to achieve it.
Section 3 outlines how the results obtained from an
integrated air pollution and climate change analysis
can be used to enhance the climate change mitigation
ambition of an NDC while achieving air pollution
reductions. For each of these options, in addition to
the economy-wide GHG emission reduction target
expressed in CO₂e, the integrated analysis of climate
change and air pollution mitigation could provide a
range of other outputs. These can be the basis for
providing greater detail on the ambition and effect
of implementing the revised NDC and demonstrate
its effectiveness in achieving important national air
quality goals. These other outputs could be used to
define economy-wide targets for individual pollutants
and SLCPs in the revised NDC or define sectoral
targets for the reduction of individual pollutants.
In addition, the results from Steps 1-7 could be used
to indicate the expected reduction in emissions of
pollutants (GHGs, SLCPs and air pollutants) that could
result from the implementation of the measures
selected for the revised NDC, as well as the expected
co-benefits in terms of reduced national contribution
to global temperature change, reduced exposure to
air pollutants and reduced health and crops impacts.
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AVAILABLE TOOLS
The CCAC and its partners have developed and
applied tools, such as the CCAC Scientific Advisory
Panel (SAP) Pathway Tool and LEAP-IBC, that can be
used to estimate the impact of emission scenarios
on global temperature. There are also a range of
other tools available that can also contribute to
different elements of the 7-steps in an integrated
air pollution and climate change analysis describe
above, including the development of emission
inventories or analysing in detail one source sector.
While not complete, a selection of the tools
available to undertake this analysis are:

EMISSIONS

1. THE CCAC SCIENTIFIC ADVISORY
PANEL TEMPERATURE PATHWAY
CALCULATOR
The SAP Temperature Pathway Calculator needs the
input of all relevant emissions affecting temperature
and then calculates the change in temperature in
annual timesteps for the globe and for four latitudinal
bands. It also shows the degree of influence of
different warming and cooling substances over time.
It uses globally averaged coefficients to calculate the
temperature changes.

TRANSPORT OF
POLLUTANTS IN
ATMOSPHERE

IMPACTS: CLIMATE

EXPOSURE

IMPACTS: HEALTH & VEGETATION

Figure 3. Model pathway for LEAP-IBC tool linking emission estimates to air pollution and climate
change impacts

2. THE LONG-RANGE ENERGY
ALTERNATIVE PLANNING SYSTEM
AND ITS INTEGRATED BENEFITS
CALCULATOR (LEAP-IBC)
LEAP-IBC is an integrated modelling and scenario
planning tool that can be used to calculate emission
scenarios – both baseline and mitigation scenarios
from different sectors for GHGs, SLCPs and other
air pollutants emissions. It then uses comparable
calculations to the SAP Pathway Tool to calculate
temperature responses. The difference is that the

LEAP-IBC tool takes into account the location of
emissions, which affects the impact on temperature
change in different latitudinal bands and hence the
globe. Both tools show the influence of different
pollutants and GHGs on temperature in annual time
steps. Further to that, LEAP-IBC can also calculate
the impact of emissions on national population
weighted PM2.5 concentrations using linear
coefficients derived from the GEOS-Chem Adjoint
model. These are used with concentration-response
functions to estimate changes to national premature
mortality (the LEAP-IBC modelling pathway is shown
in Figure 3).
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3. GREENHOUSE GAS – AIR
POLLUTION INTERACTIONS AND
SYNERGIES (GAINS)
The GAINS model is a tool that assesses emissions of
GHGs and air pollutants from all major source sectors.
It can be used to assess the effect of implementing
different ‘emission control strategies’ on air pollutant
and GHG emissions. The GAINS model has been
developed for 165 regions globally.

4. SOLID WASTE EMISSIONS
ESTIMATION TOOL (SWEET)

The SWEET tool, develop by the United States
Environmental Protection Agency quantifies
emissions of GHGs, SLCPs and other air pollutants
from the municipal solid waste sector. It is a scenario
analysis tool, and so can be used to estimate historical
emissions for this sector, to develop a baseline
projection, and to evaluate the change in emissions
expected from implementation of specific policies,
measures and projects aimed at reducing emissions
from the waste sector.

5. ROADMAP MODEL
Developed by the International Council on Clean
Transportation (ICCT), Global Transportation
Roadmap model estimates emissions of GHGs, SLCPs
and other air pollutants from the road transport
sector. The model can be used to develop a historical
emission inventory from the road transport sector,
as well as to project emissions into the future for
a baseline scenario, and to evaluate the emission
reductions achievable through implementation
of different policies and mitigation measures
implemented in this sector. Other similar tools to
assess emissions in the road transport sector include
COPERT and MOVES.

6. GLOBAL LIVESTOCK

ENVIRONMENTAL ASSESSMENT
MODEL (GLEAM)

The GLEAM model, developed by the Food and
Agricultural Organization of the United Nations (FAO)
is a tool that allows the emissions from the livestock
production system to be estimated. It can estimate
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emissions from historical years as well as evaluate
the change in emissions for a baseline, and mitigation
scenarios to assess the effect of interventions in the
livestock sector. In addition, the GLEAM model is also
capable of assessing multiple other environmental
impacts of these policies, including on feed use, land
use and degradation, nutrient management, water use
and biodiversity.

7. AIR POLLUTION HEALTH IMPACT
ASSESSMENT TOOLS

A number of tools (in addition to LEAP-IBC, described
above) can be used to quantify the impact of air
pollution on human health. These tools vary in terms
of the input data required.
Some, like LEAP-IBC and GAINs, estimate the air
pollution exposure of a population based on the
emissions of air pollutants estimated using these
tools for different scenarios. Other tools require
that the user input the estimated air pollution
concentration that a population is exposed to,
calculated exogenously to the tool. Examples of
these tools include BenMAP, and Air Q+, which
can be used to estimate the human health and
associated economic impacts of ambient (outdoor)
air pollution exposure. The Household Air Pollution
Intervention Tool (HAPIT), can be used to estimate
the health and economic impacts of household air
pollution, e.g. from cooking using solid biomass fuels,
and interventions to reduce household air pollution
exposure.
A database of over 500 tools and resources for
climate change planning is also available as part of the
NDC Partnership Climate Toolbox.
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APPLICATION OF THE FRAMEWORK: GHANA’S
PLANNING PROCESS ON SLCPS
Ghana has produced a national plan to reduce
short-lived climate pollutants with the support
of the CCAC that considers the implications of
different national strategies on global temperature
until 2040 and on premature deaths from air
pollution exposure nationally. Using LEAP-IBC, they
estimated the change in emissions of GHGs, SLCPs
and air pollutants for different mitigation strategies
representing the implementation of different policies
and mitigation measures (shown in Table 1), compared
to a baseline scenario up to 2040. Importantly, Ghana
has identified the specific mitigation measures to
achieve its NDC GHG emission reduction pledge,
which makes it possible to undertake the analysis of
the wider benefits of the strategy.
Examples of the change in emissions of three
substances (carbon dioxide, black carbon and
methane) are shown in Figure 4. If Ghana implements
the measures to achieve its NDC, there will be
substantial reduction in total CO₂ and CH₄ emissions,
but also in black carbon emissions. Additional
measures focussing on SLCPs further reduce black
carbon and methane emissions, and also reduce
carbon dioxide emissions further, even though these
additional measures were not initially included with
the goal of mitigating CO₂. It was estimated that the
achievement of Ghana’s NDC and National SLCP
Plan would collectively avoid approximately 1,000
premature deaths per year from reduced air pollution
exposure (27% of the air pollution health burden from
Ghana’s emissions) and reduce Ghana’s contribution

to global temperature increase (accounting for all
emissions affecting climate. i.e. GHGs, SLCPs, and
cooling substances) by 36% in 2040.
The application of the approach described in
Section 2 in Ghana therefore highlights that: i)
mitigation of SLCPs can increase climate change
mitigation ambition through direct reduction in
SLCPs (black carbon and methane), but also through
additional GHG (i.e. CO¬2) emission reductions
associated with implementation of specific SLCP
mitigation measures; ii) there is substantial air
pollution and SLCP mitigation potential that derive
from implementation of the measures included
to achieve Ghana’s NDC, providing local benefits
to Ghana from meeting its international climate
commitments, and iii) the integration of different
plans and strategies on air pollution and climate
change can lead to increased ambition for mitigation
of GHGs and improvement of air quality.
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SECTOR

MITIGATION MEASURE

PLAN OR
POLICY

Energy

50% households using LPG for cooking by 2030

NDC measure

Energy

10% of installed electricity generation capacity renewable by 2030

NDC measure

Forest

40% of regularly burnt areas in savannah and transition zone avoided by
2040

NDC measure

Waste

Promote adoption of biogas institutional stoves in schools

NDC measure

Transport

800 public buses powered by CNG in four cities in Ghana

NDC measure

Waste

Reduce total amount of waste openly burned by 80% by 2040 compared
with 2010 levels

NDC measure

Waste

Recover 350,000 tonnes of methane per year from landfill sites by 2030

NDC measure

Energy

Improved stoves used in 2 million households and 1 million distributed in
commercial sector by 2030

NDC measure

Energy

80% grid electricity produced from natural gas-fired power plants instead
of heavy fuel oil

NDC measure

Energy

Avoid proposed 770 MW super critical T5 coal plant

NDC measure

Agriculture

Increase by 20% livestock feeding with high quality feed

SLCP Plan
measure

Transport

Enforcement of Ghana vehicle emission standards for road transport fleet SLCP Plan
measure

Energy

Increased penetration of more efficient wood and charcoal stoves for
cooking

SLCP Plan
measure

Industry

Promote using LPG instead of diesel for combustion in the plastic
industry.

SLCP Plan
measure

Table 1. Mitigation measures included in Ghana’s NDC and National SLCP Action Plan
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CARBON DIOXIDE
120,000

METHANE

120,000

BLACK CARBON

Figure 4. National total
emissions of a) carbon dioxide,
b) methane and c) black
carbon in Ghana between
2010 and 2040 estimated
for a baseline scenario (grey
line), for the implementation
of Ghana’s NDC measures
(blue line), and for the
implementation of the NDC
measures and four additional
measures included in Ghana’s
National SLCP Action Plan
(orange line).
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OPPORTUNITIES
FOR ENHANCING
NDCs THROUGH
INTEGRATED
AIR POLLUTION
AND CLIMATE
CHANGE
MITIGATION
In order to achieve the
long-term temperature
goals agreed in the Paris
Agreement, it is necessary
that countries increase the
climate change mitigation
ambition of their NDCs.
However, there is not only
one way by which countries
might choose to enhance
their NDC.
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In order to achieve the long-term temperature goals
agreed in the Paris Agreement, it is necessary that
countries increase the climate change mitigation
ambition of their NDCs. However, there is not only
one way by which countries might choose to enhance
their NDC. Choosing how to revise an NDC will
depend on multiple factors such as: i) the content of
the current NDC of the country; ii) progress made in
achieving the goals of the current NDC; iii) changes in
the country that have occurred since the submission
of the current NDC; iv) current national priorities,
plans and strategies that are relevant for achieving,
exceeding and/or revising NDC goals and v) recent
scientific and technological findings.
Reflecting the different ways that countries could
choose to revise their NDC, Fransen et al. (2017)
present a ‘menu of options’ for how NDCs could be
enhanced. These options cover mitigation, adaptation,
implementation and communication. An NDC
that has enhanced mitigation ambition is defined
as one in which there would be lower cumulative
GHG emissions than the current NDC. This can be
achieved through the addition or strengthening
i) a GHG target, ii) a non-GHG target, iii) policies
and actions to achieve mitigation ambition, and iv)
aligning implementation of the NDC with long-term
goals, plans and strategies. There are various ways in
which each of these four options can be achieved.
It is emphasised that these options are not mutually
exclusive, and a combination of these options can be
used to enhance the mitigation ambition of the NDC.
The options identified in Fransen et al. (2017) are
designed for increasing GHG mitigation ambition in
general.
In terms of enhancing an NDC through consideration
of mitigation measures that reduce SLCPs and/or
integrated air pollution and climate change mitigation,
four specific opportunities have been identified that
are aligned with the general options for enhancing
NDC ambition outlined by Fransen et al. (2017). They
have the specific goal of ensuring that NDCs are
enhanced in a way that maximises climate change
mitigation in the near-term, air quality and associated
health benefits, and other sustainable development
benefits, as well as GHG emission reductions.

The opportunities for enhancing an NDC in ways that
will lead to simultaneous benefits for climate change
and air pollution reflect the two broad linkages
between air pollution and climate change. The
first linkage is that some pollutants directly impact
climate change and air pollution, and therefore
increasing ambition to mitigate these substances can
simultaneously improve air quality while mitigating
climate change. The second linkage is that major
sources of GHGs may be major sources of SLCPs
and other air pollutants. Identifying those mitigation
measures that target major sources of air pollutants
and GHGs, thereby reducing emissions of GHGs,
SLCPs and other air pollutants is therefore another
way to enhance mitigation ambition of an NDC to
achieve simultaneous air pollution and climate change
mitigation. The focus on local benefits of action that
also reduce global climate change can be a powerful
way to enhance ambition as local development is the
main priority for many nations.
The aim of this section is to describe i) the four
specific opportunities that can be considered and
developed in the analysis described in Section 2
to increase climate change mitigation ambition in
an NDC and also improve air quality, and ii) how
the enhanced climate change mitigation ambition,
and air pollutant reductions resulting from each
opportunity can be reflected in the revised NDC, and
accompanying information that describes how the
NDC will be achieved.
The four opportunities are not mutually exclusive and
can be combined to enhance the NDC climate change
mitigation ambition:
Opportunity 1: Include specific methane and
hydrofluorocarbon (HFC) mitigation measures.
Opportunity 2: Include specific black carbon
measures which have a net reduction in warming.
Opportunity 3: Include additional CO2 mitigation
measures that achieve air quality and human health
goals.
Opportunity 4: Include additional mitigation
measures that fully align NDC with other strategies
(sectoral strategies, SDG programmes, Kigali
Amendment, air quality strategies, SLCP plans, etc.)

33

CHAPTER THREE

The four opportunities are consistent with analysis of
the first NDCs and areas for increasing their climate
change mitigation ambition. The results from the
NDC Explorer tool (Pauw et al., 2016) show that
while many NDCs ‘consider’ the key source sectors
that can achieve simultaneous climate change and air
pollution mitigation, few make them a ‘focus area’. For
example, as NDCs are revised, there is a substantial
opportunity to increase action on reducing methane
emissions (Opportunity 1), as agriculture and waste
sectors were only made a ‘focus area’ for mitigation in
11 and 16 NDCs, respectively. Only 19 NDCs included
transport as a focus area, despite being a major
source of CO₂, black carbon and other air pollutant
emissions (Opportunities 2 and 3). While more NDCs
included renewable energy (86) and energy efficiency
(54) as a focus area compared to agriculture, waste
and transport, many did not and actions in these areas
could be strengthened by considering and prioritising
based on air pollutant reductions alongside CO₂
mitigation (Opportunity 3). A majority of NDCs (98)
referred to other domestic plans and strategies in
their mitigation section. Ensuring that as NDCs are
revised they continue to reflect all relevant plans
and strategies that affect emissions in a country can
ensure that the full extent of national mitigation
ambition is reflected in the revised NDC (Opportunity
4).
The majority of NDCs submitted in 2015 did not
mention co-benefits (120), or the Sustainable
Development Goals (128). Co-benefits for sustainable
development are important to highlight local benefits
that can be achieved by a country from achieving its
international climate change commitment. Due to
the substantial link between air pollution and climate
change, and the large burden air pollution exposure
has on human health, among the largest potential
co-benefits of climate change mitigation actions
come from air pollution reductions. In addition,
Haines et al. (2017) highlighted for key short-lived
climate pollutant mitigation measures, the other
Sustainable Development Goals that these measures
can contribute to achieving, in addition to mitigating
climate change and air pollution. In particular, SLCP
mitigation measures can contribute to achieving i)
Goal 1: End poverty in all its forms, ii) Goal 3: Ensure
healthy lives and promote well-being, iii) Goal 7:
Ensure access to affordable, reliable, sustainable and
modern energy for all, iv) Goal 8: Promote sustained,
inclusive and sustainable economic growth, full and
productive employment and decent work for all,
v) Goal 9: Build resilient infrastructure, promote
inclusive and sustainable industrialization and foster
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innovation, and Goal 11: Make cities and human
settlements inclusive, safe, resilient and sustainable.
However, these have not been considered, and
particularly not quantitatively, in the vast majority of
the first NDCs. The integrated climate change and air
pollution analysis described in Section 2 provides a
framework for quantifying the air pollutant reductions
that could be achieved from climate change action.
Highlighting these quantified co-benefits for air
pollutant reductions, and other development benefits
in the NDC revision process can engage a broader
range of stakeholders and build a wide coalition
of support within a country and the international
community, for implementation of the NDC.
The Paris Agreement states that countries submitting
their NDC should do so to ‘provide the information
necessary for clarity, transparency, and understanding’
(United Nations, 2015). However, it has been
highlighted that the first NDCs submitted in 2015
were difficult to analyse and compare in terms of the
mitigation ambition (Pauw et al., 2018). In 2018, the
Katowice Climate Package was agreed during COP24,
and includes additional information to be included in
country’s NDC to ‘facilitate clarity, transparency and
understanding of nationally determined contributions’
(United Nations, 2018). The integrated climate change
and air pollution analysis outlined in Section 2 can
provide the necessary outputs that can be included in
the revised NDC to increase transparency and clarity
on how the climate change mitigation ambition will
be achieved, in line with the recommendations in the
Paris Agreement and Katowice Climate Package. For
each of the four opportunities, the ways in which the
enhanced climate change mitigation ambition could
be reflected in the NDC, and in the accompanying
information that provides clarity, transparency and
understanding of how the NDC will be achieved
(included air pollutant co-benefits resulting from
achieving the NDC) are described below. While these
vary depending on the specific opportunity, there are
some common elements that are useful to consider
when revising the NDC document.
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CROSS-CUTTING CONSIDERATIONS WHEN ENHANCING THE NDC
AND ACCOMPANYING INFORMATION
1. Include additional GHG mitigation from
considering the four Opportunities in overall GHG
mitigation target
The NDC overall GHG reduction target demonstrates
the national commitment to mitigate climate change.
Therefore, including any additional mitigation
measures identified through Opportunities 1-4 that
lead to additional reductions in GHGs (including
carbon dioxide, methane, nitrous oxide etc.) can be
reflected as an increase in the overall GHG reduction
target. This shows clearly the increase in climate
change mitigation ambition that results from the
inclusion of mitigation measures that achieve air
pollution and climate change mitigation through
Opportunities 1-4. Note that black carbon, that
warms the atmosphere, is not included as a GHG and
therefore black carbon emission reductions should
not be reflected in the overall GHG reduction target,
but can be expressed separately (see considerations 3
and 4 below).
2.Describe mitigation measures that will enhance
climate change mitigation ambition
The four opportunities listed above emphasise the
need to identify the specific mitigation measures that
will be implemented to increase the overall climate
change mitigation target of the NDC. Describing
the specific mitigation measures that will achieve
the overall climate change mitigation target of the
NDC within the accompanying information increases
the transparency and clarity on how this mitigation
target will be achieved. The first round of NDCs
reported the overall climate change mitigation
ambition using a variety of targets (e.g. reduction
from business as usual scenario (76 NDCs), absolute
mitigation target (32), intensity target (9), policies
and actions (35) (Pauw et al., 2016)). The diversity
of targets makes it difficult to compare climate
mitigation ambition between NDCs. However, by
specifying the mitigation measures that will be
implemented to achieve an overall target (regardless
of how this target is expressed) makes it clearer
how this target will be achieved, and what actions
the country will take to achieve it. This facilitates
greater comparability between NDCs where the
overall climate change mitigation reductions are

expressed as different types of targets. In addition,
the specific mitigation measures determine the
simultaneous reduction in GHGs, SLCPs and other
air pollutants that will be achieved, and therefore the
extent to which there will be air pollutant co-benefits
from achieving a particular level of climate change
mitigation.
3. Add supplementary goals for specific non-CO₂
GHGs and black carbon
In the case of black carbon, it is not a GHG, and its
reduction should therefore not be reflected in the
overall GHG reduction target. Adding a specific goal
to reduce black carbon can reflect an additional
commitment to reduce a country’s contribution
to climate change in addition to the overall GHG
mitigation commitment. Mexico provided an example
of this approach in the first round of NDCs. They
included a target to reduce black carbon emissions
by 51% by 2030 compared to a business as usual
scenario. For methane and hydrofluorocarbons
(HFCs), they are GHGs and additional mitigation of
these gases should be reflected in the overall GHG
reduction target in the NDC. However, including
supplementary goals to reduce each GHG individually,
including methane and HFCs, can help increase the
transparency and clarity on how the overall GHG
mitigation target will be achieved, and reflect the
different effect that these SLCPs have on the climate
compared to long-lived GHGs like CO₂.
4.Include GHG, SLCP and air pollutant emissions
reductions estimated for each mitigation measure
It can also be useful to include in accompanying
information to the NDC the expected emission
reductions for each of the mitigation measures that is
included in the revised NDC. An identified limitation
of the first NDCs was interpreting how the overall
GHG mitigation targets would be achieved (Pauw et
al., 2018). Indicating the GHG emission reductions for
individual mitigation measures for individual pollutants
(e.g. in mass units (e.g. tonnes) rather than CO₂eq)
is one way to increase the specificity and clarity as
to how the overall GHG mitigation target will be
achieved.
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In addition to the expected GHG emission reductions
from implementing each mitigation measure,
indicating reductions in black carbon for each
measure also shows how this additional reduction
in climate change contribution will be achieved.
Reflecting changes in air pollutant emissions, by
pollutant in mass units, for each mitigation measures
shows the expected air pollution co-benefits from
the implementation of the NDC. In addition, many
air pollutants also have an effect on climate (for
example as precursors of tropospheric ozone, a GHG,
or as cooling aerosols), and therefore indicating
the expected changes in air pollutants allows these
effects to be taken into account. Finally, the Katowice
Climate Package outlines that progress on country’s
NDC shall be communicated in their biennial reports
(Annex I Parties), biennial update reports (non-

CH4
HFC

More detail on the four specific opportunities is
provided below, along with how the additional climate
change mitigation, and air pollution reductions
specifically identified from each opportunity can be
reflected in the revised NDC document.

OPPORTUNITY 1: INCLUDE SPECIFIC METHANE
AND HYDROFLUOROCARBON (HFC) MITIGATION
MEASURES.

The mitigation ambition of an NDC can be
enhanced by identifying additional mitigation
measures targeting methane emissions. Methane
makes the second largest contribution to atmospheric
warming behind carbon dioxide. Reducing methane
emissions and atmospheric concentrations reduces
atmospheric warming, especially in the near-term
due to methane’s 12-year lifetime in the atmosphere.
It also reduces air pollution, as methane contributes
to the formation of tropospheric ozone. Ozone is an
air pollutant with health effects on the respiratory
system, and is the main source of air pollution
affecting crop yields, causing about 3-15% yield
reductions in sensitive crops as a global average (with
higher reductions in specific locations), and damaging
other vegetation, such as forest trees, reducing
their growth and timber yield, and reducing carbon
sequestration in the ecosystem (Royal Society, 2008).
Many methane measures can be low cost, especially
where their implementation creates new revenue
streams from the use of methane collected, e.g. to
generate electricity. As outlined above, few NDCs
submitted in 2015 included key methane source
sectors, such as agriculture and waste as focus areas
for mitigation.
Hydrofluorocarbons (HFCs) are a group of chemicals
that are used in a variety of applications, especially
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Annex I Parties), and biennial transparency reports
(after 2022 (Annex I), and 2024 (non-Annex I)
(United Nations, 2018). By including the expected
changes in GHGs, SLCPs and air pollutants within the
revised NDC, progress on achieving these expected
changes can be tracked and monitored over time
through climate change reporting. This provides an
efficient mechanism to monitor air pollution emission
reductions where such a system is not in place in a
country.

for space cooling and refrigeration, as alternatives to
ozone depleting substances (e.g. Chlorofluorocarbons
(CFCs), Hydrochlorofluorocarbons (HCFCs)) that
are controlled under the Montreal Protocol. HFCs
and HFC blends have replaced CFCs and HCFCs in
emissive (e.g. aerosols, fire extinguisher equipment)
and contained (e.g. refrigeration and air conditioning,
foams) applications. The global warming potential of
HFCs and HFC blends can be hundreds or thousands
of times higher than carbon dioxide. Under a business
as usual scenario, HFC emissions are projected to
increase rapidly, between 10-15% per year, meaning
that by 2050, HFC emissions are projected to be
equivalent to between 9 -19% of global anthropogenic
CO₂ emissions (Velders et al., 2015, 2009; Xu et al.,
2013). In 2016, the Kigali Amendment to the Montreal
Protocol which relates to the phase-down of HFCs
was adopted. The Kigali Amendment entered into
force on 1 January 2019 and establishes a timeline for
the phasing-down of the production and consumption
of HFCs. If not reflected in the NDC already (most
NDCs submitted in 2015 did not include HFC
mitigation), the achievement (or exceedance) of the
phase-down schedule for HFCs could be included
as an additional contribution to climate change
mitigation in a revised NDC.
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The methane and HFC mitigation measures which
could be considered to enhance NDC ambition are
described in detail in Annex 1, and include:
•
•
•
•
•

Minimise venting, flaring and fugitive methane
emissions from oil and gas sector
Minimise methane emissions from coal mining
through pre-mine degasification and recovery
and oxidation of methane from ventilation air
Minimise methane emissions from solid waste
at landfills sites and divert organic waste from
landfills
Upgrade wastewater treatment plants with
methane gas recovery
Control of agricultural methane emissions
from livestock enteric fermentation and
manure management

OPPORTUNITY

INCLUSION
IN REVISED
NDC AND
ACCOMPANYING
INFORMATION

•
•

Reduce methane emissions from rice
production through intermittent aeration of
continuously flooded paddy fields
Eliminate HFC emissions from contained and
emissive applications

The opportunity to increase climate change mitigation
ambition by including additional methane and HFC
mitigation measures to achieve the revised NDC
can be evaluated through the analytical framework
described in Section 2. The outputs from this analysis
can be used to reflect the increased mitigation
ambition in the revised NDC, and how it will be
achieved, as follows:

Include methane and HFC mitigation measures

Include methane /
HFC reductions
to overall GHG
mitigation target

Describe mitigation
measures to reduce
methane/HFCs

Add specific
supplementary
methane/HFC
reduction goal

Reflect increased
ambition from
methane/HFC
actions in overall
climate mitigation
target

Increased clarity
and transparency
of how climate
change mitigation
commitment will be
achieved

Increase
transparency and
clarity on how
overall target will
be achieved
Reflects different
effect on climate
of SLCPs compared
with LLGHGs

Figure 5: Ways of reflecting Opportunity 1 in Nationally Determined Contributions

Report methane/
HFC emission
reductions alongside
measures

Provides greater
specificity for
how measures
will contribute
to achieving
climate change
commitment
Allows progress
to be monitored
over time as NDC
implemented
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OPPORTUNITY 2: INCLUDE SPECIFIC BLACK CARBON
MEASURES WHICH HAVE A NET REDUCTION
IN WARMING.

Black carbon is emitted from incomplete combustion.
It warms the climate through direct absorption of
incoming radiation and through indirect effects on
clouds and changes to the albedo (reflectance) snow/
ice. Only some mitigation measures reducing black
carbon emissions will lead to reduced global warming.
This is because black carbon is always co-emitted with
other pollutants. Some of those, including organic
carbon and sulphur dioxide cool the atmosphere. Due
to the short atmospheric lifetime of black carbon (a
few days), any reduced global warming from black
carbon emission reductions is also rapid, making it
effective at limiting near-term warming. Black carbon
is also a component of particulate matter air pollution
(PM2.5), and therefore contributes to substantial air
pollution health impacts including respiratory and
cardiovascular effects, and lung cancer. Implementing
black carbon mitigation measures has a large impact
on air pollution. This is due to the black carbon
reductions, but also due to the concurrent reduction
in multiple other air pollutants that are emitted
from the same sources, such as organic carbon,
sulphur dioxide (SO₂), nitrogen oxides (NOx), carbon
monoxide (CO) and non-methane volatile organic
compounds (NMVOCs). In the NDCs submitted in
2015, only Mexico included a specific black carbon
mitigation goal of reducing emissions unconditionally
by 51% by 2030 compared to a business as usual
scenario.
Including mitigation measures that reduce black
carbon is an opportunity to enhance overall climate
change mitigation ambition. It can also reflect the
full scope and impact of the mitigation measures
that the country intends to implement and provide a
clear indication of the extent to which achieving the
revised NDC can also be effective in improving air
pollution and human health.
As part of the overall climate change planning
process, this can be done by quantifying the black
carbon reduction of already identified measures
and/or by identifying additional, specific mitigation
measures that provide a net warming reduction when
pollutants co-emitted with black carbon, and which
cool the atmosphere (e.g. organic carbon, sulphur
dioxide), are taken into account.
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The black carbon mitigation measures which could
be considered, and which cause a net reduction
in warming, are described in detail in Annex 1, and
include:
•

•
•
•
•
•

Introduce vehicle emission standards for
diesel vehicles requiring best available control
technology and eliminate high emitting diesel
vehicles
Adopt of more efficient fuels and
technologies for cooking and heating
Replace traditional brick kilns with more
efficient brick production techniques
Eliminate open burning of agricultural waste
Replace traditional coke ovens with modern
recovery ovens
Eliminate gas flaring in the oil and gas sector.

Black carbon is not a GHG and should therefore not
be reflected in the NDC’s overall GHG emission
reduction target. It could however be reflected as a
specific black carbon reduction target or reductions
can be indicated as a co-benefit of the mitigation
measures described. Indication of co-emission
reductions alongside black carbon is important to be
able to evaluate the overall effect of the mitigation
measure on warming, accounting for changes in coemissions that cool the atmosphere.
The integrated analysis described in Section 2 can be
used to evaluate the black carbon, and co-emitted
pollutant reductions, and overall effect of these
mitigation measures on climate change and air
pollution. The outputs from this analysis could be
reflected in the revised NDC, and its accompanying
information as follows:

Opportunities for Increasing Ambition of Nationally Determined Contributions through Integrated
Air Pollution and Climate Change Planning

OPPORTUNITY

INCLUSION
IN REVISED
NDC AND
ACCOMPANYING
INFORMATION

Include black carbon mitigation measures that reduce warming

Describe mitigation
measures that
reduce BC

Include goal on
black carbon
reductions in NDC

Include estimated
BC, and co-emission
reductions for each
measure

The specific measures,
and how they reduce
BC ( and co-emissions),
determines whether
there is an overall
reduction in warming

Reflect additional
commitment to reduce
contribution to climate
change through action
on black carbon (in
addition to GHG
commitment)

Allows overall
reduction in warming
from measures to be
evaluated

Increase clarity and
transparency of
how climate change
mitigation commitment
will be achieved

Figure 6: Ways of reflecting Opportunity 2 in Nationally Determined Contributions

Demonstrates
co-benefits for
air pollution from
implementing NDC
Demonstrates
commitment to track
and monitor progress
on black carbon
emission reductions,
and co-emissions over
time in climate change
reporting, BUR, NC
etc
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OPPORTUNITY 3: INCLUDE ADDITIONAL CO2
MITIGATION MEASURES THAT ACHIEVE AIR
QUALITY AND HUMAN HEALTH GOALS.

In the first round of NDCs submitted in 2015, a large
number of NDCs included the major CO₂ emission
source sectors (i.e. renewable energy and energy
efficiency) as focus areas for mitigation (Pauw et
al., 2016). However, very few assessed co-benefits
of this mitigation, or links to achieving sustainable
development goals. Therefore, as NDCs are being
revised, the air pollution emission reductions and
associated human health benefits can be used as
additional factors motivating additional mitigation
measures which also further reduce CO₂. This
inclusion of air pollution emission reductions in the
prioritisation process could lead to increased CO₂
mitigation ambition through: i) the identification
of additional, new, mitigation measures that were
not previously considered to achieve the NDC, or
ii) an increase in ambition of an existing measure
included in the NDC because of the additional
benefits obtained for air pollution and human health.
The increased CO₂ mitigation that can result from
increased ambition can be delivered through either
increasing the target/level of implementation of
the measure and/or speeding up the timeline for
implementation of the measures.
The mitigation measures that would improve air
quality and reduce CO₂ emissions, and which could
be considered to enhance NDC ambition through
additional CO₂ mitigation are described in detail in
Annex 1, and include:
•
•
•
•
•
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Replace fossil fuel-based electricity generation
with renewable alternatives
Implement energy efficiency standards for
industry, households, commercial sector
Develop the use of electric vehicles
Improve public transport, and increases in walking
and cycling, to reduce the use of passenger cars
Control forest and peatland fires

The inclusion of additional mitigation measures that
increase the level of CO₂ mitigation while achieving
air pollution emission reductions can be reflected
in the revised NDC as described below. As well
as reflecting the additional CO₂ mitigation in the
overall GHG mitigation target, documenting the air
pollution emission reductions and air quality benefits
shows more completely the effect of implementing
the mitigation measures on atmospheric emissions.
This can also be a useful communication tool to
demonstrate the relevance of achieving the updated
NDC to a broader audience, by emphasising the
local benefits that can be achieved, in addition to a
country’s international climate change commitment.

Opportunities for Increasing Ambition of Nationally Determined Contributions through Integrated
Air Pollution and Climate Change Planning

OPPORTUNITY

INCLUSION
IN REVISED
NDC AND
ACCOMPANYING
INFORMATION

Include further CO₂ and air pollution reduction measures

Add CO₂
reductions to
overall GHG
mitigation target

Describe
mitigation
measures in NDC

Include CO₂ and air
pollution emission
reductions for each
mitigation measure

Reflect increased
ambition from inclusion
of these measures
in overall climate
mitigation target

The specific mitigation
measures determine
simultaneous reduction
in air pollution and CO₂
emissions

Provides greater
specificity for
how measures
will contribute to
achieving climate
change commitment

Increase clarity
and transparency
of how climate
change mitigation
commitment will be
achieved

Allows air pollution
emission reductions
to be included as
co-benefits of NDC
implementation
Allows progress to be
monitored over time
as NDC implemented

Figure 7: Ways of reflecting Opportunity 2 in Nationally Determined Contributions
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OPPORTUNITY 4: INCLUDE ADDITIONAL MITIGATION
MEASURES THAT FULLY ALIGN NDC WITH OTHER
STRATEGIES (SECTORAL STRATEGIES, SDG
PROGRAMMES, KIGALI AMENDMENT, AIR QUALITY
AND SLCP PLANS, ETC.).
In the information accompanying the first round of
NDCs submitted in 2015, many included references
to other national plans and strategies that are
aligned with achieving the climate change mitigation
target (Pauw et al., 2016). Since 2015, there may
be new plans and strategies that have been agreed
in countries (e.g. HFC Phase-down plans), and
existing plans may have been updated and revised.
Therefore, ensuring that the revised NDC reflects
the latest national plans and strategies that affect
emissions could further increase the climate change
mitigation ambition. In any country, the plans for
sectoral development affects all emissions, including
GHGs, SLCPs and other air pollutants. These plans
may include a road transport plan, renewable energy
and/or energy efficiency plans, waste management
strategies, agricultural plans, industrial strategies etc.
The Kigali Amendment, in requiring the phase-down
of the production and consumption of HFCs, will also
result in reducing HFC emissions. Alignment of NDCs
with a national air quality strategy or an SLCP strategy
when it exists, by including the measures they contain,
could also lead to increased mitigation ambition in
the NDC.
This can enhance the NDC’s climate change
mitigation ambition if the implementation of the
mitigation measures from these other strategies
would lead to additional emission reductions
compared to those included in the current NDC.
Reflecting the mitigation measures of all national
plans and strategies that will affect GHG, SLCP
and other air pollutant emissions in the NDC and
accompanying information provides a more complete
reflection of the national commitment to mitigate
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climate change, and allows for a more complete
tracking of the global progress that is being made
towards achieving the goals in the Paris Agreement.
This opportunity can be realised through the
integrated climate change and air pollution analysis
described in Section 2, in which Step 3 evaluates
the effect of all mitigation measures included in
existing national plans and strategies. The results from
this analysis can then be used to reflect mitigation
measures, and their increased climate change
mitigation ambition as shown below.

Opportunities for Increasing Ambition of Nationally Determined Contributions through Integrated
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OPPORTUNITY

INCLUSION
IN REVISED
NDC AND
ACCOMPANYING
INFORMATION

Align NDC actions with other plans and strategies

Add GHG
reductions to
overall GHG
mitigation target

Describe
mitigation
measures included
from other plans

Describe reduction
in GHGs, SLCPs and
air pollutants from
measures included in
other plans

Reflect increased
ambition from inclusion
of mitigation measures
in other plans in overall
GHG reduction target

Increase clarity
and transparency
of how climate
change mitigation
commitment will be
achieved

Provides greater
specificity for
how measures
will contribute to
achieving climate
change commitment

Demonstrate linkage
to other plans and
strategies

Allows air pollution
emission reductions
to be included as
co-benefits of NDC
implementation
Allows progress to be
monitored over time
as NDC implemented

Figure 8: Ways of reflecting Opportunity 2 in Nationally Determined Contributions

In addition to increasing climate change mitigation
ambition, this opportunity can also allow for
increased policy coherence and cost-effectiveness
by identifying common policies and actions for
joint implementation of different strategies to
obtain multiple benefits. Consideration of NDC
implementation alongside air quality strategies can
also ensure coherence and synergies are maximised

and that potential trade-offs are minimised so
that the mitigation ambition of the NDC is not
counteracted through the implementation of an air
quality strategy or vice-versa. This opportunity can
ensure that achieving a country’s climate change
commitment is achieved in a way that maximises
local benefits for air quality and other Sustainable
Development Goals .
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CHAPTER FOUR

CONCLUSIONS
AND KEY
CONSIDERATIONS
FOR APPLICATION
OF THE FRAMEWORK

This guidance document
emphasises that there
is substantial potential
to enhance ambition in
country’s climate change
planning processes in
general, and NDC revision
specifically, by considering
strategies that achieve
simultaneous climate
change and air pollution
mitigation.
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These strategies can help to motivate action to
meet international climate change obligations
because of the local air pollution and sustainable
development benefits that can be achieved from
implementation of these specific mitigation measures.
Such local benefits can be important political
drivers. By prioritising mitigation measures with
local air quality benefits, countries can also facilitate
access to international funding mechanisms for the
implementation of those actions.
An integrated assessment of the emission reduction
potential (for GHGs, air pollutants and SLCPs) and air
quality and climate benefits that could result from the
implementation of different policies and mitigation
measures (e.g. using the Multiple Benefits Pathway
Framework), can provide the quantitative basis for the
identification, prioritisation and inclusion of specific
mitigation measures in climate change planning.
Four opportunities are outlined in this guidance
document for how such an assessment could
be used by planners to increase climate change
mitigation ambition. The opportunities focus on the
identification and inclusion of specific mitigation
measures to enhance climate change mitigation
ambition to increase the clarity of how climate change
mitigation targets will be achieved, and because the
air pollution and development benefits of mitigation
in a particular sector are dependant of the specific
mitigation measures that are implemented.
In applying the guidance provided in this document,
key considerations include:
Inclusion of specific mitigation measures and
emission reduction potential for individual GHGs,
SLCPs and air pollutants in a revised or subsequent
NDC, and its accompanying information can
increase transparency and clarity of climate change
commitment: The Paris Agreement, and Katowice
Climate Package both outline the need for NDCs to
be communicated in a way that is clear, transparent

and understandable. To achieve this when revising
an NDC through the four opportunities outlined
in this document, we recommend that the specific
mitigation measures that will be implemented to
enhance ambition of the NDC are explicitly reflected
in the information accompanying it. We further
recommend that the emission reduction potential
from implementation of each specific mitigation
measure is included in the NDC’s accompanying
information for each GHG, short-lived climate
pollutant and air pollutant separately in mass units
(e.g. tonnes). In addition, it may also be advantageous
to define supplementary goals for reduction of
carbon dioxide and other GHGs, methane, HFCs and
black carbon separately, in addition to an overall GHG
reduction target. Including this additional information
can increase the clarity on how a country’s climate
change mitigation commitment will be achieved, and
on the local air pollution benefits that will result from
them achieving the NDC.
Increase access to financing opportunities for
mitigation measures that mitigate climate change
and achieve local benefits for air pollution, health and
sustainable development: The analytical framework
outlined here allows actions that achieve simultaneous
climate change and air pollution mitigation to be
identified, and prioritised. By including these specific
mitigation measures within a revised NDC provides
the opportunity for these measures to be financed
through international climate financing mechanisms,
such as the Green Climate Fund (GCF), Global
Environment Fund (GEF), Nationally Appropriate
Mitigation Action (NAMA) funds.
Highlighting the local air quality and sustainable
development benefits can also build broad coalition
for action to implement NDC: The local air pollution,
human health and other sustainable development
benefits can be important to communicate the
relevance and advantages that the country can
achieve from implementing the NDC to a wide range
of stakeholders (sectoral Ministries, private sector,
civil society). Including the air pollution emission
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reduction potential, and estimated air pollution,
health and development benefits, and developing
other communication materials, can highlight to
different groups the local benefits that can result
from the country meeting its international climate
change commitments.
This guidance can be applied across broader
climate change and air quality planning processes:
This guidance on how climate change mitigation
ambition can be increased through SLCP mitigation
and integrated air pollution and climate change
mitigation can be equally applied to the development
of other climate change and air quality plans,
strategies and reports (e.g. long-term strategies,
National Communications, Biennial Reports, Biennial
Update Reports, Biennial Transparency Reports,
Air Quality Management Plans etc.). The key points
are: i) integrating air pollution and climate change
mitigation can increase ambition by emphasising the
local benefits from meeting international obligations,
and ii) targets on climate change mitigation and air
pollution abatement should be associated with the
specific mitigation measures that will be implemented
to achieve them, can be utilised more generally
when planning on climate change and air pollution
mitigation.
Integrated air pollution and climate change
mitigation can increase capacity on air quality
management: Some countries have well established
air quality management plans, ambient air quality
standards and air quality units for effective monitoring
and management of air pollution. However, in many
countries this is lacking. This document shows the
substantial linkages between the problems of climate
change and air pollution, but also highlights that
the processes to plan for mitigating these problems
are also complementary and overlapping. The
integrated air pollution and climate change analysis
described here can provide a useful mechanism to
increase capacity and data needed to inform air
quality management strategies. For example, the
development of an emission inventory that does
not just include GHGs but also air pollutants allows
these pollutants emissions to be tracked over time.
An integrated analysis of air pollution and climate
change mitigation options can also be used to assess
what mitigation measures can be most effective in
achieving a country’s air quality goals, or in setting
these goals where they do not exist.
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NDC implementation can be monitored through
maintaining and updating integrated analysis of
air pollution and climate change mitigation: An
integrated analysis of the emission reduction potential
(for GHGs, air pollutants and SLCPs) and air quality
and climate benefits for different policies, plans and
mitigation measures can feed in to the NDC revision
process. In addition, if such an integrated analysis is
maintained and updated regularly as part of climate
change monitoring and evaluation frameworks
then it can contribute to tracking progress on NDC
implementation, increase transparency on achieving
the NDC target, and demonstrate the co-benefits
that implementing a country’s climate commitment is
achieving locally.

Opportunities for Increasing Ambition of Nationally Determined Contributions through Integrated
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ANNEX

ANNEX: MITIGATION
MEASURES 		
TO ENHANCE NDCs
THROUGH
INTEGRATED AIR
POLLUTION AND
CLIMATE CHANGE
MITIGATION
This Annex presents the specific
mitigation measures that could
be considered to enhance the
climate change mitigation
ambition of an NDC through
short-lived climate pollutant
and integrated air pollution and
climate change mitigation. The
mitigation measures presented in
this Annex are separated based on
the specific option for enhancing
NDC ambition (described in
Section 2) that they are relevant
for. The intention is to provide a
brief overview of each mitigation
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measure, including a description,
the types of policies required
to implement the measure,
and the climate change and air
pollution mitigation potential
of each measure. Finally,
information about where further
information relevant for including
this mitigation measure in a
revised NDC is summarised. This
information has been informed by
the questionnaires completed by
CCAC Sectoral Initiatives to the
National SLCP Planning (SNAP)
Initiative.
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CH4
HFC

OPPORTUNITY 1: METHANE AND
HYDROFLUOROCARBON (HFC) MITIGATION
MEASURES
1. MINIMISE VENTING, FLARING AND FUGITIVE
EMISSIONS FROM OIL AND GAS SECTOR

The Oil and Gas Methane Partnership identified 9 core methane emission sources in the oil and gas sector
for which they also describe the options available for mitigation. These sources are:

•

Natural Gas-Driven Pneumatic Controllers
and Pumps
Mitigation Options: ‘Low bleed’ pneumatic
controller installed (bleeds <6 scfh), natural
gas emissions are routed to productive use,
pneumatic controllers and pumps are powered by
compressed air instead of natural gas.

•

Fugitive Component and Equipment Leaks
Mitigation Options: Inspection programme to
identify leaking components, components found
to be leaking repaired within 12 months.

•

Centrifugal Compressors with ‘Wet’ (Oil) Seals
Mitigation Options: Seal oil is degassed and the
gas is recovered and routed to productive use,
wet oil seal is replaced by a mechanical dry seal.

•

Well Venting/Flaring During Well Completion
for Hydraulically Fractured Gas
Mitigation Option: During completion of
hydraulically fractured gas well, reduced emission
completing is implemented and flowback gas is
routed to sales

•

Reciprocating Compressors Rod Seal/
Packing Vents
Mitigation Options: ‘Distance piece’ or packing
case vents are replaced at least every 26,000
hours or 3 years, annual emission measurement
around rod seal, leak indicating device fitted to
distance piece or packing case, vents are routed
to recovery units and not to the atmosphere.

•

Glycol Dehydrators
Mitigation Options: Dehydrator has a flash
tank separator to direct gas to productive
use, dehydrator has all vents routed to a flare,
dehydrator uses no stripping gas

•

Unstabilised Hydrocarbon Liquid
Storage Tanks
Mitigation Options: Tank vapours are recovered
by routing to a Vapour Recovery unit,
Stabilisation Towers installed ahead of tanks, tank
vapours routed to a flare/combustion unit.

•

Casinghead Gas Venting
Mitigation Options: Route for sale or on-site
use or to a flare by recovering casinghead
gas with wellhead compressor/vapour
recovery unit
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OPPORTUNITY 1
POLICIES FOR
IMPLEMENTATION
•
•
•

Regulations in the oil and gas sector to ensure
best practise techniques in each of the 9 major
leakage areas are in place
Regular leak detection and repair programme
using approved technologies
Effective reporting and monitoring of
compliance with regulations requiring reduced
emission practices are implemented.

CLIMATE CHANGE
MITIGATION POTENTIAL
The IEA World Energy Outlook Special Report on
Energy and Climate Change estimated methane
emissions from oil and gas globally as 76 million
tonnes in 2015, and that it was technically possible to
reduce these by roughly 75% (International Energy
Agency, 2015).

AIR QUALITY AND
DEVELOPMENT BENEFITS
Reducing methane emissions would reduce levels
of ground-level ozone air pollution, which affects
respiratory health and reduces yields of key
agricultural crops (rice, wheat, maize and soy).
SDG Goals that this measure can contribute to
achieving (Source: Haines et al., 2017):
Goal 7.3: Double the global rate of improvement in
energy efficiency
Goal 8.4: Improve progressively global resource
efficiency in consumption and production and
endeavour to decouple economic growth from
environmental degradation
Goal 9.2: Promote inclusive and sustainable
industrialization
Goal 9.4: Upgrade infrastructure and retrofit
industries to make them sustainable, with increased
resource-use efficiency
Goal 12.4: Achieve the environmentally sound
management of chemicals and all wastes throughout
their life cycle
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RESOURCES FOR FURTHER
INFORMATION
The Oil and Gas Methane Partnership has produced
9 technical guidance documents for each of the
major methane emission sources in the oil and gas
sector described above. These Technical Guidance
Documents provide information on the mitigation
options available, methods for quantifying emissions
from the oil and gas sector and the economic costs of
the proposed mitigation options.
The Technical Guidance Documents can be accessed
here: http://ccacoalition.org/en/content/oil-and-gasmethane-partnership-technical-guidance-documents
Global Methane Initiative ON TIME tool summarises
the control technologies available across the oil and
gas production, transmission and distribution systems:
https://www.globalmethane.org/m2mtool/index.html
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2. MINIMISE METHANE EMISSIONS FROM COAL MINING
THROUGH PRE-MINE DEGASIFICATION AND RECOVERY
AND OXIDATION OF METHANE FROM VENTILATION AIR
Methane is released in coal mines when coal seams
are disturbed. When methane makes up 5-15% in
air it is an explosive risk, as well as being a potent
GHG. Capturing the methane before it enters the
atmosphere means that it can be used for economic
and productive purposes such as power generation,
while also reducing risk of explosions and accidents.
The mitigation measures that can reduce methane
emissions from coal mines are:
•

•

Installing methane drainage systems to capture
gas before it enters the mine airways and utilising
the captured gas for a productive purpose (e.g.
electricity generation)
Installing thermal oxidation technologies to
capture methane in ventilation air at more dilute
concentrations than at the mine seam.

POLICIES FOR IMPLEMENTATION
•
•
•
•
•

Put in place robust safety regulations for methane
ventilation and recovery systems in mines
Develop robust enforcement mechanism to
ensure safety regulations are adhered to
Put in place underground methane release
prediction systems to minimise frequency of
unexpected emission events
Develop regulations and incentives for mine
operators to install thermal oxidation technology
to capture methane in ventilation air
Develop financial incentives and markets to
encourage cost-effective capture and utilisation
of coal mine methane

CLIMATE CHANGE MITIGATION
POTENTIAL
A UN Economic Commission for Europe report
estimated that 6% of global methane emissions
resulted from coal mining activities (UNECE - United
Nations Economic Commission for Europe (Methane
to Markets Partnership), 2010).

AIR QUALITY AND
DEVELOPMENT BENEFITS
Reducing methane emissions would reduce levels
of ground-level ozone air pollution, which affects
respiratory health and reduces yields of key
agricultural crops (rice, wheat, maize and soy).
In addition, the measures to capture and utilise coal
mine methane would also reduce the risk of explosions
and accident in the mines, and can produce economic
benefits from the utilisation of the methane for
productive purposes (e.g. electricity generation).
SDG Goals that this measure can contribute to
achieving (Source: Haines et al., 2017):
Goal 7.1: Ensure universal access to affordable,
reliable and modern energy services
Goal 8.4: Improve progressively global resource
efficiency in consumption and production and
endeavour to decouple economic growth from
environmental degradation
Goal 8.8: Promote safe and secure working
environments
Goal 9.2: Promote inclusive and sustainable
industrialization
Goal 9.4: Upgrade infrastructure and retrofit
industries to make them sustainable, with increased
resource-use efficiency
Goal 12.4: Achieve the environmentally sound
management of chemicals and all wastes
throughout their life cycle

RESOURCES FOR FURTHER
INFORMATION
UN Economic Commission for Europe Report:
Best Practice Guidance for Effective Methane
Drainage and Use in Coal Mines: http://www.unece.
org/fileadmin/DAM/energy/se/pdfs/cmm/pub/
BestPractGuide_MethDrain_es31.pdf
United States Environmental Protection Agency
Report: Status of CMM Ownership and Policy
Incentives in Key Countries: Considerations for
Decision Makers: https://globalmethane.org/
documents/CMM-ownership-policy_march-2019.pdf
Global Methane Initiative Coal Mine Resources:
https://globalmethane.org/sectors/index.aspx?s=coal
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3. MINIMISE METHANE EMISSIONS FROM SOLID WASTE
AT LANDFILLS SITES AND DIVERS ORGANIC WASTE
FROM LANDFILLS
Methane is produced in landfill sites through the
decomposition of waste under anaerobic conditions.
The options available to reduce methane emitted to
the atmosphere from landfill sites include:
•

Avoid waste being sent to landfill sites
through reduction in consumption, increased
recycling and composting, diversion of organic
waste for anaerobic digestion and recovery of
methane produced.

•

Adopt measures to capture and use methane
from landfills

POLICIES FOR IMPLEMENTATION
•
•

•

•

Set minimum targets for waste diversion and
recycling, and implement robust monitoring
system to measure against targets.
Develop policies and measures to prevent
and reduce food loss and waste. These can
include establishing policies that facilitate safe
food donation, encourage the use of suitable
food scraps for animal feed and promote the
treatment of organics for the generation of
renewable biogas and compost. These policies
should be accompanied by policies to reduce
or eliminate subsidies on chemical fertilizers
and fossil fuel energy generation as well as the
increase of renewable energy grid requirements.
Establishment of a price for GHG emissions
would allow for the internalisation of
environmental and GHG emissions that make
sustainable solutions more cost competitive
Enable municipalities to value the waste
management services and encourage to move
towards enterprise funds that allows the financial
sustainability of the system and enables long-term
planning for infrastructure and operational safety

CLIMATE CHANGE MITIGATION
POTENTIAL
The World Bank Report estimated that solid waste
treatment and disposal accounted for 5% of total
GHG emission globally in 2016 (Kaza et al., 2016).
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AIR QUALITY AND DEVELOPMENT
BENEFITS
Reducing methane emissions would reduce levels
of ground-level ozone air pollution, which affects
respiratory health and reduces yields of key
agricultural crops (rice, wheat, maize and soy).
If measures which reduce the volume of waste sent
to landfill also reduce the waste openly burned, then
these measures would lead to additional reduction in
air pollutant emissions, and associated health impacts.
SDG Goals that this measure can contribute to
achieving (Source: Haines et al., 2017):
Goal 7.3: Double the global rate of improvement in
energy efficiency
Goal 8.4: Improve progressively global resource
efficiency in consumption and production and
endeavour to decouple economic growth from
environmental degradation
Goal 9.4: Upgrade infrastructure and retrofit
industries to make them sustainable, with increased
resource-use efficiency
Goal 11.3: Enhance inclusive and sustainable
urbanization
Goal 11.6: reduce the adverse per capita
environmental impact of cities

RESOURCES FOR FURTHER
INFORMATION
Climate and Clean Air Coalition Municipal Solid Waste
Knowledge Platform: http://www.waste.ccacoalition.
org/
World Bank/Climate and Clean Air Coalition Report
on Sustainable Financing and Policy Modules for
Municipal Composting: http://documents.worldbank.
org/curated/en/529431489572977398/Sustainablefinancing-and-policy-models-for-municipalcomposting
World Bank Report ‘What a Waste 2.0 : A
Global Snapshot of Solid Waste Management to
2050’: https://openknowledge.worldbank.org/
handle/10986/30317
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4. UPGRADE WASTEWATER TREATMENT PLANTS WITH
METHANE GAS RECOVERY

The Global Methane Initiative has outlined different
mitigation options to recover methane from
wastewater treatment plants and avoid the methane
being emitted to the atmosphere, including:
•
•
•
•
•

Installing anaerobic sludge digestion to process
wastewater biosolids and produce biogas
Installing biogas capture system at existing openair anaerobic lagoons
Installing centralised aerobic treatment facilities
or covered lagoons
Installing degassing devices at the effluent
discharge of anaerobic municipal reactors
Optimise existing facilities and implement
effective operation and maintenance programme.

Once systems have been implemented to capture
the methane and produce biogas, it can be used for
different purposes including electricity and/or heat
generation on site, sold to industrial user or electric
power producer.

POLICIES FOR IMPLEMENTATION
•
•
•
•

Establish regulations for minimum technical
standards at wastewater treatment plants
Provide financial incentives to overcome capital
costs of installing anaerobic digesters and other
systems.
Build local capacity and knowledge on methane
mitigation methods from wastewater sector.
Design policies to promote renewable electricity
generation and provide incentives for wastewater
treatment plant operators to sell electricity
generated to the grid.

CLIMATE CHANGE
MITIGATION POTENTIAL
The Global Methane Initiative estimates that methane
from wastewater accounts for 7% of total methane
emissions (512 million tonnes of CO₂ equivalent
emissions).

AIR QUALITY AND
DEVELOPMENT BENEFITS
Reducing methane emissions would reduce levels
of ground-level ozone air pollution, which affects
respiratory health and reduces yields of key
agricultural crops (rice, wheat, maize and soy).
SDG Goals that this measure can contribute to
achieving (Source: Haines et al., 2017):
Goal 6.3: Improve water quality by reducing pollution,
halving the proportion of untreated wastewater and
substantially increasing recycling and safe re-use
globally
Goal 9.2: Promote inclusive and sustainable
industrialization
Goal 9.4: Upgrade infrastructure and retrofit
industries to make them sustainable, with increased
resource-use efficiency
Goal 11.3: Enhance inclusive and sustainable
urbanization
Goal 11.6: reduce the adverse per capita
environmental impact of cities
Goal 12.4: Achieve the environmentally sound
management of chemicals and all wastes throughout
their life cycle

RESOURCES FOR FURTHER
INFORMATION
Global Methane Initiative Wastewater Treatment
Factsheet: https://www.globalmethane.org/
documents/ww_fs_eng.pdf
Global Methane Initiative Wastewater Treatment
Resources: https://www.globalmethane.org/sectors/
index.aspx?sector=ww
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5. CONTROL OF AGRICULTURAL METHANE EMISSIONS
FROM LIVESTOCK ENTERIC FERMENTATION AND
MANURE MANAGEMENT
The mitigation measure to reduce methane emissions
from livestock enteric fermentation are:
•

•
•
•

At animal level: optimizing feed digestibility
and availability, balancing and fine-tuning feed
rations; promoting better animal health, and;
improving performance through breeding
At herd level: reducing the ratio of animals
dedicated to reproduction to animals dedicated
to production
At production unit level: improving grazing and
grassland management in grazing systems to
increase feed quality and productivity
In mixed systems: improving the quality and
usage of crop residues as fodder

The mitigation measures to reduce methane
emissions from manure management requires that
manure management practises are integrated into
livestock systems. The mitigation measures that could
be integrated include:
•
•
•

Housing: Implement manure system to remove
manure from animal housing in a minimum time
after excretion
Manure Treatment: Options to minimise methane
emissions include anaerobic digesters, solids
separation, aeration, and manure acidification
Manure Storage: Options to reduce methane
emissions include decreasing storage time,
storage cover with straw, natural or induced
crust, aeration during liquid manure storage,
composting, litter stacking, and storage
temperature.

POLICIES FOR IMPLEMENTATION
•
•
•
•
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Provide financial incentives for farmers to adopt
best practises for enteric fermentation and
manure management
Develop regulations for minimum standards
for enteric fermentation practises and manure
management systems
Develop services for farmers to increase
knowledge of options available and benefits of
actions to reduce methane emissions
Implement robust monitoring system and
enforcement mechanisms for regulations

CLIMATE CHANGE
MITIGATION POTENTIAL
Globally, FAO has estimated that the livestock sector
accounts for approximately 7-8% of total GHG emissions,
and 28% of total methane emissions (FAO, 2013).

AIR QUALITY AND
DEVELOPMENT BENEFITS
Reducing methane emissions would reduce levels
of ground-level ozone air pollution, which affects
respiratory health and reduces yields of key
agricultural crops (rice, wheat, maize and soy).
SDG Goals that this measure can contribute to
achieving (Source: Haines et al., 2017):
Goal 2.4: Ensure sustainable food production systems
and implement resilient agricultural practices that
increase productivity
Goal 7.1: Ensure universal access to affordable, reliable
and modern energy services
Goal 8.4: Improve progressively global resource
efficiency in consumption and production and
endeavour to decouple economic growth from
environmental degradation
Goal 9.2: Promote inclusive and sustainable
industrialization
Goal 9.4: Upgrade infrastructure and retrofit
industries to make them sustainable, with increased
resource-use efficiency
Goal 12.4: Achieve the environmentally sound
management of chemicals and all wastes throughout
their life cycle

RESOURCES FOR FURTHER
INFORMATION
FAO Mitigation of Greenhouse Gas Emissions in
Livestock Production Report: http://www.fao.org/3/
i3288e/i3288e.pdf
CCAC Global Assessment of Manure Management
Policies and Practices: http://edepot.wur.nl/335445
Climate and Clean Air Coalition Agriculture Initiative:
http://www.ccacoalition.org/en/initiatives/agriculture
FAO Livestock and the Environment site:
http://www.fao.org/livestock-environment/en/
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6. INTERMITTENT AERATION OF CONTINUOUSLY
FLOODED RICE PADDY FIELDS

When rice is cultivated in rice paddy fields that are
continuously flooded, the anaerobic conditions
produce substantial emissions of methane to the
atmosphere. Switching rice management practises to
use the alternate wetting and drying (AWD) method
where the field is intermittently drained significantly
reduces methane emissions.

POLICIES FOR IMPLEMENTATION
•
•

•
•

Research and Development: Undertake
assessment of areas where AWD is an appropriate
management practise within a country.
Behaviour Change: Develop approaches to
promote AWD conversion and demonstrate
benefits of approach to farmers to change
behaviour from traditional farming practises with
continuously flooded fields.
Capacity Building: Develop training programme
for farmers on applying AWD method
Develop monitoring framework to assess number
of farmers switching to AWD method

CLIMATE CHANGE MITIGATION
POTENTIAL
According to the International Rice Research
Institute, the implementation of AWD actions can
reduce methane emissions by 30-70% compared to
continuously flooded fields (see references below).

AIR QUALITY AND DEVELOPMENT
BENEFITS
Implementing the AWD practise has multiple benefits
beyond the reduction in methane emissions. It
reduces water use in rice cultivation (water saving
potential of 15-40%), reduces the impact of droughts,
and reduces pumping costs.
SDG Goals that this measure can contribute to
achieving (Source: Haines et al., 2017):
Goal 2.3: Double the agricultural productivity and
incomes of small-scale food producers
Goal 2.4: Ensure sustainable food production systems
and implement resilient agricultural practices that
increase productivity

Goal 12.4: Achieve the environmentally sound
management of chemicals and all wastes throughout
their life cycle

RESOURCES FOR FURTHER
INFORMATION
Climate and Clean Air Coalition Paddy Rice resource
page: http://www.ccacoalition.org/en/activity/paddyrice-production
International Rice Research Institute:
https://ghgmitigation.irri.org/mitigationtechnologies/alternate-wetting-and-drying
https://ccafs.cgiar.org/blog/10-best-bet-innovationsagriculture-national-adaptation-plans
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7. ELIMINATE HFC EMISSIONS FROM
CONTAINED AND EMISSIVE APPLICATIONS

Hydrofluorocarbons (HFCs) are a group
of chemicals that are used in a variety of
applications as alternatives to ozone depleting
substances (e.g. Chlorofluorocarbons (CFCs),
Hydrochlorofluorocarbons (HCFCs)) that are
controlled under the Montreal Protocol. HFCs and
HFC blends have replaced CFCs and HCFCs in
emissive (e.g. aerosols, fire extinguisher equipment)
and contained (e.g. refrigeration and air conditioning,
foams) applications. The global warming potential of
HFCs and HFC blends can be hundreds or thousands
of times higher than carbon dioxide.
Under a business as usual scenario, HFC emissions
are projected to increase rapidly, between 10-15%
per year, meaning that in 2050, HFC emissions are
projected to be equivalent to between 9 and 19% of
global anthropogenic CO₂ emissions.
In 2016, the Kigali Amendment to the Montreal
Protocol was signed to phase-down HFCs. The Kigali
Amendment entered into force on 1 January 2019
and establishes a timeline for the phasing down of the
production and consumption of HFCs.
The mitigation measures to reduce HFCs are:
•
Cooling and Refrigeration
•
Replace high-global warming potential
HFCs with low- or zero-global warming potential
alternatives, combined with improvements in lifecycle
energy efficiency
•

Improve insulation materials and building designs
to avoid the use of or reduce the need for airconditioners

Aerosols
•
Replace high-GWP HFCs with low- or zero-GWP
alternatives in aerosol products as propellants
and solvents.
Building/Construction Foams
•
Replace high-GWP HFCs with low- or zero-GWP
alternatives as foam blowing agents in building
and construction applications
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POLICIES FOR IMPLEMENTATION
•
•
•

•
•
•

Ratify and implement phase-down schedule for
production and consumption of HFCs outlined in
Kigali Amendment
Ensure availability of low-GWP alternatives to
HFCs at low-cost and stimulate high demand for
low-GWP products
Build capacity and training to ensure technicians
are able to work with low-GWP alternatives
with different properties from HFCs (and
their different properties including toxicity,
flammability and pressure)
Ensure regulations, standards and safety codes
allow for use of low-GWP alternatives
Ensure robust monitoring
Ensure process in place for recovery and
destruction of HFCs at end of product’s life are
in place and effective.

CLIMATE CHANGE
MITIGATION POTENTIAL
By 2050, under a business as usual scenario it is
projected that HFC emissions will be equivalent to
9-19% of global anthropogenic CO₂ emissions. The
successful implementation of the Kigali amendment
is estimated to avoid 0.4°C of warming by 2100
compared with a baseline emission scenario (Velders
et al., 2015, 2009; Xu et al., 2013).

AIR QUALITY AND
DEVELOPMENT BENEFITS
HFCs do not act as air pollutants and therefore there
are no direct air pollution or human health benefits
from phasing out HFCs. However, the development
of equipment using low-GWP alternatives can in many
cases also produce improvements in efficiency of the
equipment. In the air conditioning sector improved
efficiency in A/C equipment could reduce electricity
demand, and associated emissions from fossil fuel
generated electricity generation. For example,
Lawrence Berkeley National Laboratory estimated
that improvements in the efficiency of room air
conditioners in India could avoid electricity demand
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equivalent to 120 new coal-fired power plants by 2030.
SDG Goals that this measure can contribute to
achieving (Source: Haines et al., 2017):
Goal 1.1: Eradicate extreme poverty for all people
everywhere
Goal 7.1: Ensure universal access to affordable, reliable
and modern energy services
Goal 7.3: Double the global rate of improvement in
energy efficiency
Goal 8.3: Promote development-oriented policies that
support productive activities
Goal 8.4: Improve progressively global resource
efficiency in consumption and production and
endeavour to decouple economic growth from
environmental degradation
Goal 8.8: Promote safe and secure working
environments
Goal 9.2: Promote inclusive and sustainable
industrialization
Goal 9.4: Upgrade infrastructure and retrofit industries
to make them sustainable, with increased resource-use
efficiency
Goal 11.1: Ensure access for all to adequate, safe and
affordable housing and basic services and upgrade
slums
Goal 11.6: Reduce the adverse per capita environmental
impact of cities
Goal 12.3: Halve per capita global food waste at the
retail and consumer levels
Goal 12.4: Achieve the environmentally sound
management of chemicals and all wastes throughout
their life cycle

RESOURCES FOR FURTHER
INFORMATION
Climate and Clean Air Coalition Hydrofluorocarbon
Initiative: https://www.ccacoalition.org/en/initiatives/
hfc
United States Environmental Protection Agency
Resources on reducing HFCs: https://www.epa.gov/
snap/reducing-hydrofluorocarbon-hfc-use-andemissions-federal-sector-through-snap
UN Environment OzonAction:
https://www.unenvironment.org/ozonaction/
Un Environment Kigali Amendment Introduction
Factsheet: http://www.unep.fr/ozonaction/
information/mmcfiles/7876-e-Kigali_FS01_
Introduction.pdf
Overview of Montreal Protocol: https://www.
unenvironment.org/ozonaction/who-we-are/aboutmontreal-protocol
Velders et al. 2009: The large contribution of
projected HFC emissions to future climate forcing:
https://www.pnas.org/content/106/27/10949
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BC
OPPORTUNITY 2: BLACK CARBON MITIGATION
MEASURES WITH A NET REDUCTION IN WARMING
8. INTRODUCE VEHICLE EMISSION STANDARDS
FOR DIESEL VEHICLES REQUIRING BEST AVAILABLE
CONTROL TECHNOLOGY AND ELIMINATE HIGH
EMITTING DIESEL VEHICLES
Diesel vehicles are the main source of black carbon
emissions in the transport sector. The mitigation
measures that can reduce black carbon emissions
from diesel vehicles include the adoption of vehicle
emission standards in new light-duty and heavyduty vehicles that require the best available control
technology such as a diesel particulate filter (for
example Euro VI or US 2010 standards), and enforcing
vehicle emission standards in the existing vehicle
fleet.

•

In-Use Vehicle Emission Management
Programmes: Typically, 20 percent or fewer
vehicles account for 50 percent or more of
fleet-wide emissions. In-use vehicle emission
management programmes aim to reduce
or eliminate the emissions from these high
emitting vehicles. Such a programme requires
identification through registration and emissions
screening, local capacity to repair and maintain
vehicles, and resources for programs such as
scrappage and retrofit schemes. Countries
can ensure first and foremost that they have a
proper vehicle registration and tracking program
based on annual registration and not cumulative
registration of vehicles. Such registration should
identify the vehicle model year, manufacturer,
fuel type, and emission standard to which the
vehicle was originally designed, along with
information on the vehicle owner. Furthermore,
countries can establish a wide portfolio of in-use
emission management programs depending on
what level of resources are available, including
for example low-emission zones or other
forms of vehicle restrictions that restrict the
free operation of a vehicle based on its age or
emissions performance.

•

Compliance and Enforcement Programmes: For
fuels these programmes can include fuel quality
inspections and surveys to ensure that fuel is
meeting the relevant standards not only at the
point of production, but also at the point of
distribution at the retail fuel pump. The relevant
public authority should have enforcement powers
to penalize and force corrections for violations
of the fuel quality standard. On vehicles these
programmes can include the authority to
undertake random audits and inspections of
vehicles newly manufactured or imported into

Other mitigation measures in the transport sector,
including introduction of electric vehicles, and
improving public transport to reduce journeys taken
by vehicles, are described under Option 3.

POLICIES FOR IMPLEMENTATION
•

•
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Establish standards for fuel quality: Fuels
and vehicles operate as a single system, so
cleaner vehicles cannot be delivered without
the provision of the fuels required for them to
operate the best available emissions control
technology. For the introduction of the cleanest
diesel engines (Euro 6/VI), fuel quality standards
should be adopted where the sulphur content
does not exceed 10 ppm.
Establish standards for new vehicles: These
standards should apply to new vehicle
manufactured in the country, but also to
imported new and used vehicles. Limits on the
registration of new vehicles entering the country
should allow the registration only of vehicles that
were originally designed to a specific emission
standard and that have no major technical
malfunction (determined by an inspection at the
port of entry).
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the country. Manufacturers whose vehicles
are out of compliance should be compelled to
recall their vehicles by the relevant government
authority, and significant violations should result
in penalties equivalent to the ban on the sale of
new vehicles until corrective measures are taken,
or in the case of vehicle importers the removal of
the license to import.

CLIMATE CHANGE
MITIGATION POTENTIAL
Klimont et al. (2017) estimate that road transport
accounts for 19% of global anthropogenic black
carbon emissions, largely due to diesel vehicles.

AIR QUALITY AND
DEVELOPMENT BENEFITS
Diesel vehicles not only emit black carbon but
also a range of other air pollutants, in particular
NOx. The introduction and enforcement of Euro
VI standards for heavy-duty vehicles would reduce
particulate matter emissions (of which black carbon
is a component) by up to 66%, and NOx emissions by
80% compared to Euro V standards, with even greater
reductions compared to lower Euro standards.
Transportation emissions have been estimated to
contribute to 385,000 air pollution attributable
premature deaths in 2015 (S Anenberg et al., 2019),
11% of total premature deaths from air pollution
exposure. On-road diesel vehicles are the largest
contributor to these transport-related health impacts,
up to 60% in some regions (e.g. Europe).
SDG Goals that this measure can contribute to
achieving (Source: Haines et al., 2017):
Goal 1.4: Ensure that all men and women, in particular
the poor and the vulnerable, have equal rights
to economic resources, as well as access to basic
services, new technology and so on
Goal 3.4: Reduce by one third premature mortality
from non-communicable diseases through prevention
Goal 3.9: Substantially reduce the number of deaths
and illnesses from hazardous chemicals and air
pollution
Goal 11.2: Provide access to safe, affordable,
accessible and sustainable transport systems for all
Goal 11.6: Reduce the adverse per capita
environmental impact of cities

RESOURCES FOR FURTHER
INFORMATION
A Global Strategy to Introduce Low-Sulfur Fuels and
Cleaner Diesel Vehicles: http://ccacoalition.org/en/
resources/global-strategy-introduce%C2%A0lowsulfur-fuels-and-cleaner-diesel-vehicles
Climate and Clean Air Coalition Heavy Duty Vehicle
Initiative: http://ccacoalition.org/en/initiatives/heavyduty-vehicles
International Council on Clean Transportation: https://
www.theicct.org/soot-free-transport-resources
UN Environment Clean Fuels & Vehicles Regulatory
Toolkit: https://www.unenvironment.org/resources/
toolkits-manuals-and-guides/pcfv-regulatory-toolkit
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9. ADOPTION OF MORE EFFICIENT FUELS AND
TECHNOLOGIES FOR COOKING AND HEATING
Approximately 2.8 billion people (41% of the world’s
population) rely on solid fuels for cooking and heating.
Use of these fuels (solid biomass such as wood,
charcoal, crop residues, animal dung, and lump coal)
contribute to 58% of black carbon emissions globally
and approximately 2.6 million premature deaths from
household air pollution exposure. The mitigation
measures that can reduce black carbon emissions
include:
•
•
•

Technology change: Replacement of inefficient
traditional biomass stoves with more efficient
stoves (e.g. fan-assisted biomass stoves)
Fuel Change: Replacement of solid biomass with
cleaner fuels such as liquefied petroleum gas
(LPG), natural gas or electricity
Replacement of lump coal with more efficient
coal briquettes – or natural gas

POLICIES FOR IMPLEMENTATION
•

•

•
•

Establish minimum performance standards for
stoves and fuels sold within the country in terms
of fuel performance and emissions. Ensure that
stoves are labelled indicating their minimum
performance.
Establish enforcement authority to test and
obtain technical information on the performance
of the stove, and remove from sale stoves that do
not meet standards
Provide financial incentives to switch to cleaner
fuels
Establish programmes to build necessary
infrastructure to expand access to efficient
stoves and fuel alternatives

CLIMATE CHANGE
MITIGATION POTENTIAL
Cooking and heating using solid fuels contribute 58%
of black carbon emissions globally (Klimont et al.,
2017). The use of wood for cooking and heating and
in the manufacture of charcoal may also contribute
to deforestation and the reduction and/or removal
of this carbon sink. Reducing the amount of solid
biomass used for cooking could therefore increase
carbon sequestration and reduce deforestation.
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AIR QUALITY AND
DEVELOPMENT BENEFITS
Household air pollution exposure is one of the
largest environmental risk factors for human health.
Burning solid fuels emit black carbon, but also
other particulates and other air pollutants (carbon
monoxide, volatile organic compounds, nitrogen
oxides). Exposure to household air pollution from solid
fuels is associated with 2.8 million premature deaths
per year, disproportionately affecting women and
children (Stanaway et al., 2018). As well as reducing
these health impacts, switching to cleaner fuels such
as LPG can reduce time spent collecting fuel.
SDG Goals that this measure can contribute to
achieving (Source: Haines et al., 2017):
Goal 1.1: Eradicate extreme poverty for all people
everywhere
Goal 1.4: Ensure that all men and women, in particular
the poor and the vulnerable, have equal rights
to economic resources, as well as access to basic
services, new technology and so on
Goal 3.2: End preventable deaths of new-borns and
children under 5 years of age
Goal 3.4: Reduce by one third premature mortality
from non-communicable diseases through prevention
Goal 3.9: Substantially reduce the number of deaths
and illnesses from hazardous chemicals and air
pollution
Goal 4: Ensure inclusive and equitable quality
education
Goal 5.2: Eliminate all forms of violence against all
women and girls
Goal 5.5: Ensure women’s full and effective
participation and equal opportunities for leadership
Goal 7.1: Ensure universal access to affordable, reliable
and modern energy services
Goal 7.3: Double the global rate of improvement in
energy efficiency
Goal 11.1: Ensure access for all to adequate, safe and
affordable housing and basic services and upgrade
slums
Goal 11.6: Reduce the adverse per capita
environmental impact of cities
Goal 15: promote the implementation of sustainable
management of all types of forests, halt deforestation
and so on
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RESOURCES FOR FURTHER
INFORMATION
Climate and Clean Air Coalition Household Energy
Initiative: http://www.ccacoalition.org/es/initiatives/
household-energy
Clean Cooking Alliance: https://www.
cleancookingalliance.org/home/index.html

10. REPLACE TRADITIONAL BRICK KILNS
WITH MORE EFFICIENT BRICK PRODUCTION
TECHNIQUES
Approximately 1500 billion bricks are produced
every year in inefficient brick kilns. Artisanal brick
production often takes place in the informal sector
and is unregulated.
The key mitigation measures are to convert
conventional brick kilns (e.g. Bull Trench Kilns or the
Clamp method) to more efficient brick kilns such as
vertical shaft brick kilns or hybrid Hoffman kilns.

POLICIES FOR IMPLEMENTATION
•

Develop an inventory for the artisanal brick
sector in the country. Brick production is
often in the informal, unregulated sector, and
therefore establishing an inventory of the brick
production that identifies the types of kilns used
and the emissions from them can be the basis for
monitoring switches to more efficient approaches

•

Regulate brick kiln sector by establishing
standards for brick quality, emission limits,
technology bans etc.

•

Provide financial incentives for brick producers to
adopt more efficient technologies.

•

Develop best practise guidance for brick
production and identify capacity building needs
for brick producers to adopt more efficient
approaches

CLIMATE CHANGE
MITIGATION POTENTIAL
Brick production is estimated to contribute to 20% of
black carbon emissions globally (Klimont et al., 2017).
The fuels commonly used in brick production include
coal and natural gas, and therefore reductions in coal
and/or natural gas consumption from more efficient
production will also result in reductions in CO₂.

AIR QUALITY AND
DEVELOPMENT BENEFITS
Brick production also emits substantial emissions
of other air pollutants, such as organic carbon and
other particulates, nitrogen oxides, and volatile
organic compounds. Therefore, actions to improve
the efficiency of brick production will reduce a
wider range of air pollutant emissions than just black
carbon.
SDG Goals that this measure can contribute to
achieving (Source: Haines et al., 2017):
Goal 3.4: Reduce by one third premature mortality
from non-communicable diseases through prevention
Goal 3.9: Substantially reduce the number of deaths
and illnesses from hazardous chemicals and air
pollution
Goal 7.3: Double the global rate of improvement in
energy efficiency
Goal 8.4: Improve progressively global resource
efficiency in consumption and production and
endeavour to decouple economic growth from
environmental degradation
Goal 9.2: Promote inclusive and sustainable
industrialization
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Goal 9.4: Upgrade infrastructure and retrofit
industries to make them sustainable, with increased
resource-use efficiency

RESOURCES FOR FURTHER
INFORMATION
10 Steps for National Government Actions for SLCP
Reductions Through Policies, Capacity Building

and/or Institutional Strengthening: http://www.
ccacoalition.org/es/resources/regional-guidelines-10steps-national-government-actions-slcp-reductionsthrough-policies
Policy Advocacy Network on Clean Brick Production:
http://www.ccacoalition.org/es/node/2374
Climate and Clean Air Coalition Bricks Initiative:
http://www.ccacoalition.org/es/node/72

11. ELIMINATE OPEN BURNING
OF AGRICULTURAL WASTE
To prepare fields for the next growing season, the
residue from crops from the previous growing
season is often burned, resulting in substantial black
carbon and emissions of other air pollutants to the
atmosphere.
The key mitigation measure is to eliminate the burning
of crop residues. This can be achieved through the
employment of:
•
•
•
•
•
•

Conservation Agriculture (CA) methods that
employ no-burn techniques, including no-till, lowtill, and strip-till
Incorporation of biomass into soil
Use of biomass for pellet and/or briquette
production
Use of biomass for construction materials
Use of biomass for bedding and fodder for
livestock
Use of biomass in biogas, second generation
biofuels (cellulosic ethanol), boilers, cookstoves,
heating; note: must be clean and efficient for use
in household

POLICIES FOR IMPLEMENTATION
•
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Develop Policies to support for farmers and
agribusinesses through finance, loan, and grant
programs
— Create markets for biomass (e.g. incentivize
opening of biogas and/or bioenergy plants,
construction materials and/or pellet/
briquette production)
— Provide low-interest loans, cash subsidies,
and/or grants for farmers to purchase

equipment or find alternative uses for straw
Create sustainable certification program
(e.g. include no-burn into Sustainable Rice
Initiative) to create added value to biomass
— Support custom-hiring centres specializing in
collecting and/or managing biomass
•
Regulation and enforcement if alternative uses of
crop residues are supported as well
— Outlaw or regulate open burning; note:
regulation entails permitting in the case of
safe conditions and weather patterns
— Increase/enforce fines
•
Agricultural extension, education, and raising of
public awareness
— Train extension agents to know how to
manage biomass
Climate change mitigation potential
Klimont et al. (2017) estimate that the agriculture
sector contributes 5% of total black carbon emissions,
equivalent to 337 kilotonnes of black carbon in 2010.
—

AIR QUALITY AND
DEVELOPMENT BENEFITS
Burning agricultural waste also emits substantial
emissions of other air pollutants, such as organic
carbon and other particulates, nitrogen oxides, and
volatile organic compounds. Therefore, actions to
reduce the burning of crop residues will reduce
a wider range of air pollutant emissions than just
black carbon. Burning agricultural residues is also
concentrated during specific times during the year,
and therefore contributes to short-term very high
peaks in air pollution concentrations, and regional
haze episodes.
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The use of crop residues for productive purposes can
result in economic benefits to the farmers.
SDG Goals that this measure can contribute to
achieving (Source: Haines et al., 2017):
Goal 2.3: Double the agricultural productivity and
incomes of small-scale food producers
Goal 2.4: Ensure sustainable food production systems
and implement resilient agricultural practices that
increase productivity
Goal 3.4: Reduce by one third premature mortality
from non-communicable diseases through prevention
Goal 3.9: Substantially reduce the number of deaths
and illnesses from hazardous chemicals and air
pollution

RESOURCES FOR FURTHER
INFORMATION
Climate and Clean Air Coalition Agriculture Initiative:
http://ccacoalition.org/en/initiatives/agriculture
International Cryosphere Climate Initiative
Programme on open burning:
http://iccinet.org/open-burning/

12. REPLACE TRADITIONAL COKE OVENS WITH
MODERN RECOVERY OVENS

Coke is a fuel that is produced from coal and used
commonly in the iron and steel industry. Traditional
methods for coke production (e.g. beehive ovens)
are inefficient and produce large quantities of black
carbon and other particulate emissions.
The mitigation measures that can reduce emissions
from coke production involve phasing out traditional
coke ovens and replacing them with oven designs
that are more efficient and prevent black carbon
being emitted to the atmosphere. The more efficient
ovens that can replace traditional ovens (e.g.
beehive design) include: i) machinery ovens that can
recover chemical by-products and coke oven gas,
ii) vertical coke ovens which are more efficient due
to continuous coal charging and iii) heat recovery
ovens/non-recovery in which all by-products are
combusted in the oven providing the heat for the
coke production rather than being emitted to the
atmosphere.

POLICIES FOR IMPLEMENTATION
Huo et al. 2012 describe some of the policies adopted
in China (which accounts for 60% of the world’s coke
production) that have resulted in a shift to more
efficient and less polluting kilns, including:
•
•

Ban the construction of new traditional coke
ovens
Develop regulations on design of new coke ovens

•
•
•
•

(e.g. minimum chamber height to produce more
efficient coke production ovens)
Develop standards for energy efficiency in coke
production ovens
Establish emission standard for coke ovens
Ensure effective monitoring and enforcement of
standards in the coke production industry
Provide economic disincentives for traditional
coke production (e.g. export tax on coke put in
place in China).

CLIMATE CHANGE
MITIGATION POTENTIAL
Klimont et al. (2017) estimate that the industrial
processes (including coke ovens and other sources)
contributed 6% of total anthropogenic black carbon
emissions globally, equivalent to 462 kilotonnes of
black carbon in 2010.
In addition, the production of coke results in
substantial emissions of carbon dioxide during the
coke production process, and therefore replacing
traditional ovens with more efficient ovens can also
reduce carbon dioxide emissions.
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AIR QUALITY AND
DEVELOPMENT BENEFITS
As well as emitting black carbon, a key component
of particulate matter, coke production ovens
produce a wide range of other pollutants. The US
National Institute of Health has stated that Coke
oven emissions are ‘known to be human carcinogens’.
Reducing emissions from coke ovens could therefore
benefit human health, in particular for those at risk of
occupational exposure to coke oven emissions.
SDG Goals that this measure can contribute to
achieving (Source: Haines et al., 2017):
Goal 3.4: Reduce by one third premature mortality
from non-communicable diseases through prevention
Goal 3.9: Substantially reduce the number of deaths
and illnesses from hazardous chemicals and air
pollution
Goal 7.3: Double the global rate of improvement in
energy efficiency
Goal 8.4: Improve progressively global resource
efficiency in consumption and production and
endeavour to decouple economic growth from
environmental degradation

Goal 9.2: Promote inclusive and sustainable
industrialization
Goal 9.4: Upgrade infrastructure and retrofit
industries to make them sustainable, with increased
resource-use efficiency

RESOURCES FOR FURTHER
INFORMATION
Huo et al. 2012: China’s coke industry: Recent
policies, technology shift, and implication for energy
and the environment: https://www.sciencedirect.com/
science/article/pii/S0301421512007239?via%3Dihub
Industrial Efficiency Technology Database Entry for
Heat Recovery Coke Ovens: http://ietd.iipnetwork.
org/content/non-recovery-coke-ovens
US National Institute of Health Report on
Carcinogens: https://ntp.niehs.nih.gov/ntp/roc/
content/profiles/cokeovenemissions.pdf
Lawrence Berkeley National Laboratory Report:
Emerging Energy-efficiency and Carbon Dioxide
Emissions-reduction Technologies for the Iron
and Steel Industry: https://china.lbl.gov/sites/all/
files/6106e-steel-tech.pdf

13. ELIMINATE GAS FLARING IN OIL
AND GAS SECTOR

The routine flaring of natural gas can result in large
black carbon emissions to the atmosphere, alongside
substantial emissions of carbon dioxide. The World
Bank ‘Zero Routine Flaring by 2030’ Initiative
estimates that routine flaring results in 140 billion
m3 of natural gas being burned per year, causing 300
million tonnes of CO₂ emissions.
The mitigation measure to eliminate black carbon
(and CO₂) emissions from gas flaring is to capture the
gas that would otherwise be flared and utilise it for a
productive purpose (e.g. electricity generation).
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POLICIES FOR
IMPLEMENTATION
•
•
•
•

Set standards in oil and gas sector to limit gas
flaring and associated emissions
Ensure regulators have effective powers to
enforce standards
Establish effective monitoring and reporting of
gas flaring
Develop fiscal incentives to ensure utilisation of
captured gas is cost-effective
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CLIMATE CHANGE
MITIGATION POTENTIAL

RESOURCES FOR FURTHER
INFORMATION

Klimont et al. (2017) estimate that the oil and gas
sector contributes 3% of total black carbon emissions,
equivalent to 226 kilotonnes of black carbon in 2010.
In addition, the World Bank estimates that gas flaring
causes 300 million tonnes of CO₂ emissions per year

World Bank Global Gas Flaring Reduction Report:
Regulation of Associated Gas Flaring and Venting:
A Global Overview and Lessons: http://documents.
worldbank.org/curated/en/590561468765565919/
pdf/295540Regulati1aring0no10301public1.pdf
Global Gas Flaring Reduction Partnership Report:
Guidance on Upstream Flaring and Venting Policy
and Regulation: http://siteresources.worldbank.org/
INTGGFR/Resources/fr_policy_regulations_guidance.
pdf
World Bank Initiative ‘Zero Routine Flaring by 2030’:
http://www.worldbank.org/en/programs/zero-routineflaring-by-2030

AIR QUALITY AND
DEVELOPMENT BENEFITS
Black carbon is a key component of particulate matter
(PM2.5) and therefore reducing black carbon from
gas flaring would reduce PM2.5 concentrations and
associated effects on respiratory and cardiovascular
health.
SDG Goals that this measure can contribute to
achieving (Source: Haines et al., 2017):
Goal 3.9: Substantially reduce the number of deaths
and illnesses from hazardous chemicals and air
pollution
Goal 9.2: Promote inclusive and sustainable
industrialization
Goal 9.4: Upgrade infrastructure and retrofit
industries to make them sustainable, with increased
resource-use efficiency

http://pubdocs.worldbank.org/
en/984231518029901708/ZRF-Initiative.pdf
World Bank Initiative ‘Global Gas Flaring Reduction
Partnership’: http://www.worldbank.org/en/programs/
gasflaringreduction#5
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OPPORTUNITY 3: CO2 MITIGATION
MEASURES THAT ALSO IMPROVE AIR
QUALITY AND HUMAN HEALTH
14. REPLACEMENT OF FOSSIL FUEL-BASED ELECTRICITY
GENERATION WITH RENEWABLE ALTERNATIVES

The International Energy Agency estimates that 40%
of the global electricity supply comes from fossil fuel
combustion. The use of coal for generating electricity
contributes 10 billion tonnes of CO₂ emissions, 30%
of the global total from use of fossil fuels. Coal also
accounts for 75% of sulphur dioxide and 70% of
nitrogen oxide air pollution emissions (the total power
sector contributes 33% and 14% of total SO₂ and NOx
emissions globally).
The key mitigation measures in this sector are the
replacement of fossil-fuel based power generation
(in particular coal power plants) with renewable
alternatives (e.g. wind, solar and hydro) and avoiding
the construction of new sub-critical coal power plants.

POLICIES FOR IMPLEMENTATION
•

•

Establish targets for renewable power generating
capacity in the country and reflect in key national
documents, e.g. National Energy Master Plans,
Sustainable Energy 4 All strategies.
Incentivise investments in electricity from
renewable energy such as solar PV, wind, and
hydropower

CLIMATE CHANGE
MITIGATION POTENTIAL
The use of coal for generating electricity contributes
10 billion tonnes of CO₂ emissions, 30% of the global
total from use of fossil fuels (https://www.iea.org/
geco/emissions/).
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AIR QUALITY AND DEVELOPMENT
BENEFITS
SO2 and NOx emissions are both air pollutants
associated with negative respiratory and
cardiovascular health effects. They both contribute
to the formation of fine particulate matter, the
largest environmental risk factor for human health.
Lelieveld et al. (2015) estimated that air pollution
emissions from Power Generation were associated
with 460,000 premature deaths in 2010 (14% of total
air pollution premature deaths).
SDG Goals that this measure can contribute to
achieving:
Goal 7.1: Ensure universal access to affordable, reliable
and modern energy services
Goal 7.2: Increase substantially the share of renewable
energy in the global energy mix
Goal 9.2: Promote inclusive and sustainable
industrialization

RESOURCES FOR FURTHER
INFORMATION
Sustainable Energy For All: www.seforall.org
International Energy Agency Report on Energy and Air
Pollution: https://webstore.iea.org/weo-2016-special-reportenergy-and-air-pollution

International Energy Agency Global Energy and CO2
Status Report: https://www.iea.org/reports/global-energyand-co2-status-report-2019
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15. IMPLEMENT ENERGY EFFICIENCY
STANDARDS FOR INDUSTRY, HOUSEHOLDS,
AND COMMERCIAL SECTORS

Improving energy efficiency in the industry household
and commercial sectors can reduce fuel use and
associated emissions. To achieve this, measures
which improve the efficiency of different industrial
processes should be implemented. The IEA estimates
that the full implementation of energy efficiency
measures that are already economically viable could
reduce final energy consumption by 22% in 2040
compared with a current policies scenario.

•

Industry: According to the IEA, Industry accounts for
38% of global total final energy use, and only 36% of
global industrial energy use is covered by mandatory
efficiency codes and standards. Implementing energy
efficiency measures could result in substantial
reductions in final energy consumption in the iron and
steel (25% reduction by 2040 compared to 2018),
chemical and petrochemical (13%), cement (12%),
paper pulp and print (25%), aluminium (28%) and
other industries (40%).

The reduction in GHG emissions from the
implementation of energy efficiency measures result
from reduced consumption of primary (i.e. fossil
fuels) and secondary (i.e. electricity) energy. The IEA
estimate that implementation of all economically
viable energy efficiency measures in the industrial,
residential and commercial sectors would together
reduce CO₂ emissions by 3.5 billion tonnes in 2040
compared to 2017 levels (12% reduction in energy
GHG emissions) (IEA, 2018).

Households and Commercial: According to IEA,
buildings are responsible for 36% of final energy
consumption globally, but only 34% of building
energy consumption was covered by mandatory
energy efficiency policies in 2017. If economically
viable energy efficiency measures are implemented
in building, then energy efficiency could improve
by 40% by 2040. The potential for achieving the
energy efficiency improvements include through
implementing measures to improvement efficiency of
space heating (43% improvement in energy efficiency
possible by 2040), space cooling (4% improvement
in energy efficiency), water heating (43%), lighting
(30%), cooking (50%) and appliances (4%).

AIR QUALITY AND
DEVELOPMENT BENEFITS

POLICIES FOR IMPLEMENTATION
•
•
•

Set regulations for Minimum Energy Performance
Standards for industrial equipment, building
equipment and appliances
Set regulations for building energy codes and
standards for new and existing buildings
Establish robust monitoring and enforcement
mechanism to ensure targets are met

•

Provide financial incentives to encourage adoption
of energy efficiency targets and measures in
industry and residential/commercial sectors
Develop information and capacity building efforts
to increase awareness and capacity, and training
in energy efficient approaches.

CLIMATE CHANGE
MITIGATION POTENTIAL

The IEA estimated that the industry sector accounts
for 26% of global nitrogen oxide emissions, 45% of
global SO2 emissions, and 20% of global particulate
matter emissions. In addition to reducing these air
pollutants and associated impacts on health, the
energy efficiency measures could also increase energy
security (reducing the need for fossil fuel imports),
and reduce household expenditure.
SDG Goals that this measure can contribute to
achieving:
Goal 7.3: Double the global rate of improvement in
energy efficiency
Goal 8.4: Improve progressively global resource
efficiency in consumption and production and
endeavour to decouple economic growth from
environmental degradation
Goal 9.2: Promote inclusive and sustainable
industrialization
Goal 9.4: Upgrade infrastructure and retrofit
industries to make them sustainable, with increased
resource-use efficiency
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OPPORTUNITY 3
Goal 11.3: Enhance inclusive and sustainable
urbanization
Goal 11.6: reduce the adverse per capita environmental
impact of cities

https://www.iea.org/efficiency2018/
International Energy Agency Energy Efficiency
Resources: https://www.iea.org/topics/
energyefficiency/

RESOURCES FOR FURTHER
INFORMATION
International Energy Agency Energy Efficiency 2018:
Analysis and Outlooks to 2040 Report:

16. INCREASE PERCENTAGE OF ELECTRIC VEHICLES
IN VEHICLE FLEET

Mitigation measures in the transport sector that
promote the adoption of electric vehicles over fossil
fuel-based vehicles (diesel, gasoline, compressed
natural gas) can eliminate tailpipe CO₂ emissions from
the use of that vehicle. It is important to consider
the increased demand for electricity, and the power
plants used to meet this increased demand (whether it
is fossil fuel based or renewable) when evaluating the
overall mitigation potential of widespread adoption
of electric vehicles.

POLICIES FOR IMPLEMENTATION
•
•

•
•
•
•

Support and incentivise vehicle manufacturers to
develop electric vehicles
Support and incentivise consumers to switch
to purchasing electric vehicles over fossil-fuel
based vehicles (e.g. subsidy for electric vehicle
purchase)
Provide incentives for consumer when using
electric vehicles (e.g. free charging, reduced
vehicle tax, preferential lane/parking access)
Support development of charging infrastructure
for electric vehicles
Integrate electric vehicle adoption in long-term
electricity planning and incentivise renewable
electricity generation
Awareness raising campaigns of benefits of
electric vehicle adoption.

CLIMATE CHANGE MITIGATION
POTENTIAL
The Intergovernmental Panel on Climate Change
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estimates that 23% of global GHG emissions were
from the transport sector in 2010. The mitigation
potential from adoption of electric vehicles depends
on the fuel used to generate the electricity that
charges the vehicles. The International Council on
Clean Transportation (ICCT) estimate that the fossil
fuel consumption of an electric vehicle compared to a
conventional vehicle would reduce by 1.4 MJ/km (40%
reduction) if renewable energy accounted for 20%
of electricity generation, and by 1.8 MJ/km (50%) for
40% renewable energy (Lutsey, 2015).

AIR QUALITY AND DEVELOPMENT
BENEFITS
According to the International Energy Agency, the
road transport sector contributes 50% of energyrelated nitrogen oxide emissions, and 10% of primary
particulate matter emissions (IEA, 2016). ICCT
estimates that emissions associated with transport
tailpipe are associated with 385,000 premature
deaths in 2015, 11% of total air pollution emissions
(Anenberg et al., 2019).
Widespread adoption of electric vehicles would
eliminate tailpipe air pollutant emissions, and
associated health impacts. However, electric vehicles
would still result in emissions of air pollution from
road dust resuspension, and from break wear and
abrasion.
SDG Goals that this measure can contribute to
achieving (Source: Haines et al., 2017):
Goal 1.4: Ensure that all men and women, in particular

Opportunities for Increasing Ambition of Nationally Determined Contributions through Integrated
Air Pollution and Climate Change Planning

the poor and the vulnerable, have equal rights
to economic resources, as well as access to basic
services, new technology and so on
Goal 3.4: Reduce by one third premature mortality
from non-communicable diseases through prevention
Goal 3.9: Substantially reduce the number of deaths
and illnesses from hazardous chemicals and air
pollution
Goal 11.2: Provide access to safe, affordable,
accessible and sustainable transport systems for all
Goal 11.6: Reduce the adverse per capita
environmental impact of cities

RESOURCES FOR FURTHER
INFORMATION
International Council on Clean Transportation Electric
Vehicle Programme: https://www.theicct.org/electricvehicles
ICCT White Paper Transition to a Global ZeroEmission Vehicle Fleet: A Collaborative Agenda for
Governments: https://www.theicct.org/sites/default/
files/publications/ICCT_GlobalZEVAlliance_201509.
pdf
UN Environment electromobility resources:
https://www.unenvironment.org/explore-topics/
transport/what-we-do/electric-mobility

17. IMPROVED PUBLIC TRANSPORT, AND INCREASES
IN WALKING AND CYCLING TO REDUCE THE USE OF
PASSENGER CARS

In addition to the transport mitigation measures
described above, actions that reduce the use of
vehicles are also effective at reducing emissions,
and potentially have additional benefits in reducing
congestion and improving journey times.
The mitigation measure is to develop and expand
public transport systems (e.g. bus rapid transit,
metro), as well as an increase in walking and cycling to
reduce the number of vehicles on the road.
Policies for implementation
•
•
•

Support investment in public transport expansion
and infrastructure
Support investment in walking and cycling
infrastructure
Provide incentives for public to use public
transport rather than individual vehicles (e.g.
congestion charges for vehicles to enter city,
reduced fares on public transport system).

CLIMATE CHANGE MITIGATION
POTENTIAL
According to the Institute for Transportation and
Development Policy, a scenario in which there is a

large shift towards travel using public transportation
modes (bus rapid transit, metro, tram/light rail,
commuter rail). In a ‘High shift’ scenario, in which
journeys by public transit, walking and cycling are
doubled compared to a baseline, and journeys by
private vehicles almost half, it was estimated that
1.7 billion tonnes of CO₂ emissions could be avoided
globally by 2050, a 40% reduction in passenger
transport emissions (Replogle and Fulton, 2014).

AIR QUALITY AND
DEVELOPMENT BENEFITS
According to the International Energy Agency, the
road transport sector contributes 50% of energyrelated nitrogen oxide emissions, and 10% of primary
particulate matter emissions (IEA, 2016). ICCT
estimates that emissions associated with transport
tailpipe are associated with 385,000 premature
deaths in 2015, 11% of total air pollution emissions
(Anenberg et al., 2019).
A large shift to journeys using public transit that
reduce the number of vehicles would reduce tailpipe
emissions from vehicles, but could also have other
benefits such as reducing congestion.
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OPPORTUNITY 3
SDG Goals that this measure can contribute to
achieving (Source: Haines et al., 2017):
Goal 1.1: Eradicate extreme poverty for all people
everywhere
Goal 3.4: Reduce by one third premature mortality
from non-communicable diseases through prevention
Goal 11.2: Provide access to safe, affordable,
accessible and sustainable transport systems for all
Goal 11.6: Reduce the adverse per capita
environmental impact of cities

RESOURCES FOR FURTHER
INFORMATION
International Association of Public Transport
Resources: https://www.uitp.org/news/climatemitigation-public-transport-advantage
ITDP Report A Global High Shift Scenario: Impacts
And Potential For More Public Transport, Walking,
And Cycling With Lower Car Use: https://www.itdp.
org/wp-content/uploads/2014/09/A-Global-HighShift-Scenario_WEB.pdf

18. CONTROL FOREST AND PEATLAND FIRES

When forests, peatland, grasslands and savannahs are
burned, they emit large quantities of carbon dioxide
into the atmosphere. Whether the CO₂ emissions
from vegetation fires contributes to the accumulation
of CO₂ in the atmosphere (and therefore to increased
global warming) depends on whether the CO₂ emitted
is balanced by carbon uptake during regrowth. Van
der Werf et al. 2010 estimate that approximately
25% of the CO₂ emitted from vegetation fires
(1,800 million tonnes per year), contribute to
the accumulation of CO₂ in the atmosphere. The
main sources of fires that contribute to net CO₂
addition to the atmosphere are from deforestation
of degradation of tropical and non-tropical forests,
and from peatland fires. The UNFCCC REDD+
programme estimates that forest degradation and
deforestation accounts for 11% of CO₂ emissions
globally, the second largest single GHG source.
In addition to the emission of CO₂, forest and
peatland fires also emit large quantities of air
pollutants, such as black carbon, organic carbon,
particulate matter, carbon monoxide etc, and
contribute to regional haze episodes.
The mitigation measures that can reduce fires for
forests and peatlands are:
•
•
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Reduce agricultural expansion into forested lands
Avoid unintended fires in forested and peatland
areas through fuel management and ignition
management techniques, and banning of
agricultural residue burning

•
•

Eliminate forest clearing for areas unsuitable for
agriculture
Develop sustainable practises in timber
production industry

POLICIES FOR IMPLEMENTATION
Policies that can help to reduce the frequency and
severity of unintended forest fires include:
•
•

Establish effective fuel management practises
such a fuel breaks and prescribed burning
Reduce the risk of anthropogenic ignition of
forest fires through:
—
—
—

Ensuring availability of resources and
capacity to rapidly deal with forest fires to
limit the spread and severity
Establish education programmes on best
practise to mitigate ignition risk
Prevent or limit access to areas with
significant fire risk.

Opportunities for Increasing Ambition of Nationally Determined Contributions through Integrated
Air Pollution and Climate Change Planning

Policies that can reduce the deforestation and
degradation of forests include:

RESOURCES FOR FURTHER
INFORMATION

•

Van der Werf et al. 2010: Global fire emissions and
the contribution of deforestation, savanna, forest,
agricultural, and peat fires (1997–2009): https://www.
atmos-chem-phys.net/10/11707/2010/acp-10-117072010.html
Gullison et al. 2007: Tropical Forests and Climate
Policy: https://www.globalcarbonproject.org/global/
pdf/Gullison.2007.DeforestationandClimate.Science.
pdf
UNFCCC REDD+ site: https://redd.unfccc.int/
UN-REDD Technical Resource Series 3: Towards
a Common Understanding of REDD+ under the
UNFCCC: https://www.unredd.net/documents/
redd-papers-and-publications-90/un-reddpublications-1191/technical-resources-series/15901towards-a-common-understanding-of-redd-underthe-unfccc.html
REDD+ Factsheet: https://www.unredd.net/
documents/redd-papers-and-publications-90/unredd-publications-1191/fact-sheets/15279-fact-sheetabout-redd.html
Environmental Defense Fund REDD+ resources:
https://www.edf.org/redd-protecting-tropical-forests

•

•
•

Engagement and development of REDD+
Strategy to identify nationally appropriate
policies and actions to reduce emissions from
forest degradation and deforestation
Put in place carbon pricing and other financial
incentives in the timber production sector to
promote sustainable forestry practises to reduce
risk of fires in timber forests
Regulate agricultural expansion into forested
areas and provide financial incentives to avoid
deforestation for agricultural
Establish robust enforcement and monitoring of
regulations

CLIMATE CHANGE MITIGATION
POTENTIAL
Fires associated with deforestation, forest
degradation and peatland fires emit CO₂ that is not
recaptured by regrowth. The emissions from these
fires is approximately 20% of global anthropogenic
CO₂ emissions (Van Der Werf et al., 2010).

AIR QUALITY AND DEVELOPMENT
BENEFITS
Klimont et al. (2017) estimated that black carbon
and primary fine particulate matter (PM2.5) emissions
from forest and savannah fires are equivalent to 30%
and 69%, respectively, of the total anthropogenic
emissions of these air pollutants.
In addition to reducing air pollution emissions and
associated impacts on human health, reducing forest
loss from fires can also avoid biodiversity loss.
SDG Goals that this measure can contribute to
achieving:
Goal 15.1: Ensure the conservation, restoration and
sustainable use of terrestrial and inland freshwater
ecosystems and their services
Goal 15.2: Promote the implementation of
sustainable management of all types of forests,
halt deforestation, restore degraded forests and
substantially increase afforestation and reforestation
globally
Goal 15.5: Take urgent and significant action to reduce
the degradation of natural habitats, halt
the loss of biodiversity
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NOTES

The Climate and Clean Air Coalition is the only global
partnership that addresses air pollution and climate change
in an integrated way, through fast action to reduce shortlived climate pollutants – methane, HFCs, black carbon,
and tropospheric ozone – that delivers multiple benefits for
climate, health and development goals.
The Coalition was launched in 2012 as an action-oriented,
flexible and multi stakeholder partnership. We have a strong
track record of driving political and policy changes, of
delivering sectoral mitigation actions, and advancing SLCP
mitigation planning at the national and subnational levels,
as well as increasing the scientific understanding of the
importance of short-lived climate pollutant mitigation.

The Supporting National Action & Planning (“SNAP”)
initiative supports countries by strengthening their capacity
to reduce near-term warming and air pollution – whilst also
identifying national opportunities for action that will benefit
public health, crop yields and other development priorities.
Our work is a mix of technical assistance and financial
support that strengthens countries’ capacity to undertake
an integrated analysis of greenhouse gases alongside all
aerosols and short-lived climate pollutants (SLCPs).
Through this integrated analysis, countries identify national
opportunities for action for both climate and development
that can inform other planning processes, such as national
climate plans, Nationally Determined Contributions (NDCs)
and national development plans.
The guidance materials we have developed are used
alongside the “LEAP-IBC” tool to assess the impact of
mitigation scenarios on climate, air pollution and crop
yields.
For more information: https://ccacoalition.org/snap

secretariat@ccacoalition.org
@CCACoalition
facebook.com/ccacoalition
linkedin.com/company/ccacoalition
www.ccacoalition.org
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