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Supporting National Action and Planning on 
Short-Lived Climate Pollutants (SNAP) 

SLCP National Planning Guidance Document 

Introduction 

This document sets out to guide countries wishing to develop national plans to implement Short-
Lived Climate Pollutant (SLCP) strategies. This is the best way by which near-term warming can be 
reduced whilst also realising significant development benefits – reducing the impact of PM2.5 and 
ozone on human health, and reducing impacts of ground level ozone on crops and other vegetation. 
Reducing near-term warming is also a development priority as all regions have warmed significantly 
over the last 4-5 decades, between 0.2 to 2oC in developing country regions (2015 average 
temperature compared with the 1951-80 average1). The rate of warming is expected to continue 
over the next few decades, and slowing this rate with SLCP strategies will reduce the impacts to 
vulnerable systems such as glaciers, and also the severity of heat waves affecting the health of 
vulnerable people. SLCPs also affect regional rainfall patterns, and therefore agriculture and water 
availability. Hence there are numerous development-related motivations for countries to undertake 
national planning, which can help to increase understanding of what opportunities they have to 
promote action to implement SLCP measures, thus reducing emissions and associated impacts.  

Purpose of the SNAP Guidance Document 

This SNAP guidance document outlines a tried and tested process for developing national planning, 
focusing on action to reduce SLCPs. It is designed to provide advice and help to countries that wish 
to identify actions to promote the implementation of mitigation measures that will increase the rate 
of emission reductions, and help to achieve the multiple benefits for health, crop yield and near-
term climate change.  

The SLCP national planning process involves prioritising measures and sectors that are subject to 
different planning processes, under the control of different ministries and implementing agencies, 
and also subject to different international planning processes, e.g., the Global Methane Initiative 
(GMI2), Low Emission Development Strategies (LEDS3) and Global Alliance for Clean Cookstoves 
(GACC4). The SLCP national planning process is therefore designed to build on existing information to 
identify promising areas for early action and avoid duplication and to engage the relevant 
stakeholders right from the beginning. It is designed to: 

 identify ways in which measures that will reduce SLCP-related emissions can be promoted 
and implemented;  

 consider supporting relevant actions within existing strategies and development agendas;  

 add the SLCP dimension into existing plans and activities where it is not currently considered; 
and  

 initiate new programmes where these are lacking in a country.   

                                                           
1 GISTEMP Team, 2016: GISS Surface Temperature Analysis (GISTEMP). NASA Goddard Institute for Space 
Studies. Dataset accessed 2016-04-20) 
2 https://www.globalmethane.org/ 
3 https://www.ec-leds.org/ 
4 http://cleancookstoves.org/ 

https://www.globalmethane.org/
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Many of the approaches for developing strategies to address either air pollution or greenhouse 
gases can also be used as elements of national action planning for SLCPs. The actual implementation, 
however, may be mainstreamed into different sectors of relevance to an SLCP strategy, such as 
transport policy, energy policy, industrial policy or national development strategies. 

What are SLCPs? 

Short-Lived Climate Pollutants (SLCPs) are defined as those pollutants that have a warming influence 
on climate and are relatively short-lived in the atmosphere. The main SLCPs are black carbon (BC), 
methane (CH4), tropospheric ozone (O3) and some hydrofluorocarbons (HFCs). Black carbon and 
tropospheric ozone remain in the atmosphere for only days or weeks, respectively, while the 
atmospheric lifetime for methane is about 12 years and for the short-lived HFCs the average is about 
15 years. The critical point is that these substances all have a positive radiative forcing and 
therefore, through a number of different processes, cause warming of the atmosphere. 

The emissions associated with black carbon and tropospheric ozone cause health and climate 
impacts, while tropospheric ozone also causes damage to crop yields and ecosystem structure and 
function. Methane, a potent greenhouse gas, is also one of the most important precursors of 
tropospheric ozone and thus contributes to air pollution. Some hydrofluorocarbons fall into the 
category of SLCPs but do not cause air-quality related impacts.   

Implementing SLCP strategies reduces atmospheric concentrations of SLCPs and co-emitted 
substances, and offers a real opportunity to improve public health, reduce crop-yield losses, and 
slow the rate of near-term climate change, thereby aiding sustainable development. This is delivered 
because the SLCP measures reducing emissions from incomplete combustion also reduce a number 
of emissions that lead to the formation of small particles, or PM2.5. Both methane and incomplete 
combustion measures reduce emissions of ozone precursors. The reduction of PM2.5 and ozone 
concentrations leads to improvements in human health and agricultural yields. Because such 
emission reductions are likely to only make a modest contribution to longer-term climate goals, they 
must be viewed as a strategy that complements but does not replace carbon dioxide emission 
reductions which are absolutely necessary to protect the world from climate change in the longer 
term, and need to be reduced now. 

The health benefits from implementing ‘black carbon’ mitigation measures reducing emissions from 
incomplete combustion are realized immediately and almost entirely in the regions that reduce their 
emissions. Regions taking action on black carbon also benefit significantly from reduced regional 
warming, reduced disruption of regional weather patterns, as well as a substantial reduction in crop-
yield losses. 

Development of the Climate and Clean Air Coalition to Reduce Short-Lived Climate 
Pollutants (CCAC) 

The substantial near-term climate and clean air benefits that were outlined in the UNEP/WMO 
(2011) Assessment created a lot of interest and led to the formation of the CCAC in February 2012 by 
the governments of Bangladesh, Canada, Ghana, Mexico, Sweden and the United States and the 
United Nations Environment Programme (UNEP) who came together as a voluntary network to 
initiate the first effort to treat these pollutants as a collective challenge.  Since then the CCAC has 
grown and now has over 50 state partners and an equivalent number of non-state partners (in 
2016), including the World Bank, UNDP and WHO, as well as NGOs from around the world. The 
Coalition's objectives are to address SLCPs by: 

 raising awareness of SLCPs, and benefits associated with adopting SLCP mitigation 
strategies; 



5 
 

 enhancing and developing new national and regional actions, including by identifying and 
overcoming barriers, enhancing capacity, and mobilizing support; 

 promoting best practices and showcasing successful efforts; and 

 improving scientific understanding of SLCP-related impacts and mitigation strategies. 

The CCAC serves as a forum for assessing progress in addressing the challenge of SLCPs and for 
mobilizing resources to accelerate action. It works to catalyse new actions as well as to highlight and 
bolster existing efforts on near-term climate change and related public health, food and energy 
security, and environmental issues.  

The CCAC works through initiatives – some along sectoral lines (e.g., oil and gas, diesel, brick kilns, 
cookstoves, waste, agriculture, HFCs) – and others that are cross cutting (finance, national planning, 
regional assessments and urban health).  SNAP, the CCAC initiative on Supporting National Action 
and Planning on SLCPs, is one of the cross-cutting initiatives established by the CCAC to help 
countries developing and implementing SLCP strategies.  This is to support rapid and large-scale 
implementation of SLCP mitigation at the national level. CCAC Partner countries have highlighted a 
need for support at the national scale to understand and assess the scope of their SLCP issues, the 
benefits of action and mitigation potential, and identify actions that they can prioritise.  

 The SNAP Initiative  

The SNAP Initiative aims to provide support to develop and enhance national policies and action 
plans to reduce SLCPs, and actively facilitate peer to peer engagement. It has three main 
components:  

I. help governments assess the scope of the SLCP issue, mitigation potential and opportunities 
at the national level, and build a coordination mechanism among key stakeholders to support 
integration in relevant national strategies and sectoral plans, identify priority actions, 
implement identified priority measures, and monitor and evaluate progress in implementing 
SLCP plans; 
 

II. develop the analytical and assessment tools, and disseminate information on best practices 
to support the development of effective integrated mitigation strategies;  
 

III. engage with regional and global fora and initiatives geared towards national planning process 
to support the integration of SLCPs into their planning and activities. 

 

An SLCP strategy addresses many different sectors and policy domains. Therefore, one of the 
important aspects of national planning is to bring together the information and develop an overview 
of where emissions are being adequately addressed, where SLCPs can be mainstreamed into existing 
policies and programmes, and where there are gaps. National SLCP planning will allow decision 
makers to develop an overview of the entire SLCP issue in their country, develop priorities for further 
action and track progress in reducing emissions.   

The importance of SLCP strategies  

An SLCP strategy is concerned with the implementation of measures that have been identified to 
provide the maximum reductions in near-term warming, as well as reducing health and ecosystem 
impacts in many cases. Reducing methane emissions reduces forcing from methane and also ozone 
that is formed from methane and other precursors in the atmosphere. Ozone is a pollutant causing 
health and vegetation impacts and therefore reducing methane emissions also reduces air pollution 
impacts associated with ozone. Black carbon is emitted from incomplete combustion along with a 
number of co-emitted substances, many of which also have an impact on warming, they are 
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components of PM2.5 and also give rise to ozone concentrations, thus affecting health and 
vegetation. Controlling PM2.5 leads to the largest reduction in health impacts related to air pollution, 
and an SLCP strategy can lead to large reductions in PM2.5.  

Not all measures that reduce black carbon form part of the SLCP strategy. The SLCP strategy only 
includes those measures that have a greater reduction in the near-term warming substances 
(especially BC, but also methane) than emission of near-term cooling substances (organic carbon 
(OC) and sulphate). For this reason, power stations burning coal and oil are not part of the SLCP 
strategy as the combustion is more complete, with low BC emission, and there is a greater reduction 
of sulphate. Also forest fires, despite being an important source of BC, is a large source of OC, and so 
does not form part of the focus for an SLCP strategy. Obviously addressing emissions from fossil fuel 
power stations is a CO2 and air pollution strategy priority, and addressing forest fires is an important 
part of an air pollution and deforestation strategy. So action needs to happen there in other climate, 
clean air and biodiversity strategies, but is not the focus for an SLCP strategy, which only promotes 
some key measures. SLCP measures are therefore one part of a portfolio of different strategies that 
achieve different, but related goals, such as climate stabilization and limiting the rate of climate 
change on the way to peak warming, or reducing air pollution. These different societal goals have 
been reflected in the INDCs reported by different countries, some of which emphasise the 
importance of SLCP strategies and air pollution control to their development.  

Whilst the issue of BC is more complex, it is simpler for methane and HFCs. There are very few co-
emitted substances from the major sources of methane and HFCs, and therefore any measure 
reducing or preventing the emission of these substances can form part of an SLCP strategy, and the 
task for a country is to understand which are the most important for their context.       

Sixteen measures addressing black carbon and methane emission sources have been identified in 
the Integrated Assessment of Black Carbon and Tropospheric Ozone (UNEP/WMO 2011), which were 
those measures relevant to sources of BC and methane that had the largest impact on global 
warming, and also had clean air benefits. Full implementation of these measures globally could halve 
the rate of warming over the next 20-40 years. In addition, there are regional climate benefits from 
reducing emissions – in warming across regions and also in relation to significant shifts in weather 
and rainfall patterns.  

Globally, the assessed health benefits from completely implementing all 16 identified measures 
amounted to about 2.5 million avoided premature deaths per annum in 2030 compared to a 
reference scenario. The crop yield benefits of implementing the measures, due to reductions in 
tropospheric ozone, would amount to about 50 million tonnes of four staple crops (rice, wheat, 
maize and soybean) globally each year by 2030 (UNEP/WMO 2011).  

These benefits represent the potential opportunity should all major emission sources be mitigated, 
but the extent to which they would be realized will depend on the extent to which countries act to 
reduce emissions. Many of the health, crop yield, ecosystem and climate benefits would be felt 
within the same country that takes the action, which provides tangible motivation for planning 
action on tackling SLCPs at the national scale.  

The UNEP/WMO 2011 Assessment identified those measures that had the main impact at global 
scale, but at the national scale other sources may be more significant, and it is the function of the 
national planning process to identify the most important sources and identify action to mitigate 
these.  

Developing of National Planning for SLCPs 

To support rapid and large-scale implementation of SLCP mitigation at the national level, CCAC 
Partner countries have highlighted the need for programmes to help the countries understand and 
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assess the scope of their SLCP issues, mitigation potential and the benefits of action. To meet this 
need, the CCAC, has agreed on an initiative Supporting National Action and Planning (SNAP) on 
SLCPs, which will allow countries to identify: 

 major emission sources on which action could begin immediately;  

 sources where action could occur further into the future;  

 the information, capacity and finance gaps which would need to be filled to ensure effective 
mitigation; and  

 initial options for addressing some of the challenges and problems posed by SLCP mitigation, 
including financing options. 
  

It is important that the SNAP activities build upon existing programmes, initiatives and activities that 
are already on-going in any country to avoid duplication. As SLCPs address many different sectors 
and policy domains, one of the important parts of national planning is to bring together the 
information and get an overview of where emissions are being adequately addressed, and where 
there are gaps. National SLCP planning will allow decision makers to develop an overview of the 
entire SLCP issue in their country, develop priorities for further action and track progress in reducing 
emissions.   

Approach to national planning 

This guidance document covers an approach that can be used to identify the major SLCP sources in a 
country, identify the emission control measures that are relevant in a particular country, and then 
undertake an assessment of the priority measures for action and identify the pathways that are 
likely to lead to successful implementation and the different issues that would need to be addressed 
to give a high chance of success in that country.  

The guidance document is mainly targeted at the initial stages in the national planning process, 
when a country initiates its planning for action on different SLCP sources. Typically, such a process 
would be expected to deliver pilot plans within a 12-month period, outlining subsequent action that 
can be promoted and taken in the national context.  

The analysis of the relevant measures needs to be mindful of the approach developed by the UNEP 
assessments (WMO/UNEP, 2011; UNEP, 2011a) to identify relevant measures that would provide 
joint climate and air quality co-benefits and which outlined the opportunities to significantly reduce 
human health impacts, crop yield losses, and near-term warming. Within the CCAC, only those 
measures that would significantly address major sources, reduce air quality impacts and warming, or 
at least not either increase air quality impacts or lead to increased warming, are considered. In this 
guidance document the starting point is to consider those 16 measures identified by the 
UNEP/WMO Assessment process (UNEP/WMO, 2011) that, on a global scale, would provide benefits 
according to these criteria. In the national context, other sectors, sources and measures may be 
more important than those identified at a global scale and where additional measures are identified 
they need to fulfil the criteria that underpin the SLCP agenda (where the implementation of the 
measure reduces net warming).  

A tool has been produced to support the development of national SLCP planning. The LEAP-IBC tool 
(see later sections of this document) developed with support from CCAC, through SNAP, by SEI and 
US EPA can be used by countries to develop emission scenarios for the key sectors – describing the 
baseline (‘business as usual or BAU’) scenario and also showing the results in terms of emission 
reduction of different levels of implementation of identified measures. It can also estimate likely 
benefits of emission reductions. Countries can choose to use this tool or rely on existing information 
and knowledge available to the countries undertaking the planning.   
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The guidance document is organised by considering the main steps that need to be taken to develop 

the SLCP planning process, as outlined in Figure 1. It is intended that the planning process can be 

initiated in about a year, and subsequently there is a follow up activity of about a year to revise and 

improve the quantitative assessment, plans and evaluation of policy. This would aim to embed the 

SLCP planning as a living process in the country, rather than a one-off activity, and promote the 

widespread implementation of those priority measures that are identified in the national plan. The 

idea would be that there is continuous upgrading of data and information underpinning the plans 

and also monitoring and evaluation of progress in implementing the plans and reducing emissions.  

Concerning implementation of measures, countries can also be helped by the CCAC initiatives that 

are providing advice on which measures are most appropriate under different circumstances and 

how to implement the measures in different sectors (see http://www.ccacoalition.org/en), or which 

finance models would be appropriate to use to promote implementation of a measure in a given 

sector.  
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Figure 1: Developing the national SLCP planning process 

 
 

 

 

 

  

STEP 6. 
Mainstreaming the 
SLCP planning process 
in national processes 
& structures 

Embedding SLCPs into ministerial/ sectoral plans, policies and programmes 

Enhancing capacity to implement measures 

Monitoring and evaluation of implementing national SLCP plans  

STEP 5. 
Developing 
national plan 
with priorities 
for SLCP 
abatement 

Identify likely implementation pathways for measures, and quantify benefits 
(using LEAP-IBC - if required) 

 
Develop national SLCP plans: sectoral mitigation plans and identifying priorities  

Finalise national planning document 

Get feedback from stakeholders & develop consensus on measures and strategies 

STEP 1. Set up the 
national planning 
process & engage 
stakeholders 

Set up architecture of NAP process – leadership group / institutional set-up 

 Develop stakeholder engagement process 

Employ consultants or engage existing personnel to develop the work 

STEP 2. Raising 
awareness about 
SLCPs 

Develop awareness raising strategy 

Develop awareness-raising materials 

Use media, meetings, meetings with stakeholders (e.g., ministries), etc.  

STEP 3. Assessing 
SLCPs in the national 
context  

Undertake baseline SLCP assessment, including institutional and legal 
frameworks, current initiatives related to SLCP strategies 

Identify main emission sources and quantify emissions 

STEP 4. Identify opportunities to 
reduce SLCPs and estimate 
benefits of emission reductions 

Identify relevant measures 

Develop baseline scenarios and quantify benefits of implementing 
measures in relation to these (using LEAP-IBC, if desired) 

Stakeholder assessment of pathways, plans and priorities   
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STEP 1: Setting up the National SLCP Planning Process and Engaging 

Stakeholders  

In most countries, the SLCP issue is a relatively new concept and by engaging in the SNAP Initiative, a 
process of addressing SLCPs in a coherent way can be initiated. The planning process is intended to 
take about 12 months to set up. The planning will initiate a process by which SLCP mitigation 
strategies will become integrated into different sectoral plans and programmes, and then begin to 
embed the SLCP issue within government thinking more generally. For this to happen, the SNAP 
process must be owned by and embedded within countries, and championed by the CCAC Partner, 
most likely a ministry or department of the environment. Therefore it is important to set up the 
national planning process to promote action on SLCPs in a way that provides buy in and ownership 
of action on SLCPs across the institutions in the country. The national planning process needs to 
develop broad engagement and interest in SLCPs in order to embed action on SLCPs into national 
processes, convening stakeholders. 

Developing the structure of the national SLCP planning process 

It is important at the beginning of the national planning process to frame and formulate the 
institutional structure, ownership and content of national SLCP planning. The outcome of this 
initiation will be a detailed plan of how, when and who will develop the national SLCP planning, and 
what will be produced. The following questions will help to develop and plan the process: 

 Who owns the process within government? 

 What needs to be included in the national action planning?  

 Who will undertake the bulk of the work in developing the plans? 

 For whom is the planning being developed? 

 What is the level of political support for the process? How can it be enhanced? 

 Who else will be involved in leading it? Should a steering group be established? 

 Who are the best placed consultants / university personnel / departments that can undertake 
the assessment required to underpin the planning?  

 What are the phases in its development? 

 Who needs to be included to develop it and in which phase will they be included? 

The national planning process will be initiated by a relevant ministry or department in the country, 
usually the ministry or department of environment, or equivalent. It is important for them to secure 
high-level buy-in to the process at an early stage. The ministry will have primary ownership of the 
strategy that is developed and oversight of its further development and implementation. This can 
involve employing consultants to prepare the required inputs and documents for the planning 
process, but control and knowledge needs be embedded in government.  

Consideration of those aspects that will be covered by the national SLCP planning process, as well as 
outlines and format of planning documents, can be usefully undertaken at this stage. A project 
initiation report produced at this initial stage can describe the intended process, stakeholder 
engagement and expected outputs. This could include the proposed format and status of the 
national SLCP plan, and can be used as a basis for discussion during initial consultations. 

Developing a stakeholder engagement process 

If the planning to reduce SLCPs is to be successful then the SLCP issue needs to be mainstreamed 
and prioritised across government, the private sector, civil society organisations, and organisations 
that need to be involved in implementation, such as professional bodies representing key industrial 
sectors. Therefore, the planning cannot be isolated in any one ministry or government department 
but has to be embedded within the planning of the many different sectors whose emissions give rise 
to SLCPs. It is good practice to inform all relevant ministries and departments in the government that 
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this process is being undertaken to engage them from the beginning, developing national 
coordination mechanism for the process and raising awareness of the issues with relevant 
stakeholders. In many countries such inter-ministerial coordination mechanisms already exist and 
the SLCP issues can be included within their remit. Relevant questions include: 

 Which stakeholders need to be engaged in the process of developing the plans? 

 How will the stakeholder engagement process be organised? 

The stakeholder engagement in the initial phase will inevitably differ in its approach in different 
countries, given the different cultural and political circumstances. In past implementation, countries 
held a project initiation workshop in the first month or two of the project start. These meetings 
included broad stakeholder participation, including ministries responsible for different sectors which 
were responsible for SLCP emissions (transport, industry, etc.) as well as municipal government and 
planning.  But countries have also included further stakeholders, even at this early stage, including 
NGOs, youth movements, associations representing different industries and stakeholders groups. 
Getting these people together required informal contacts through existing channels with different 
ministries and the pre-existence of relationships with key stakeholders. The advantage of this 
approach was that a variety of stakeholders were engaged from the very beginning of the process, 
and they came back to subsequent meetings, considering this process to be important to them. In 
the other countries, due partly to circumstances in the country, stakeholder engagement was 
developed more informally on a one-to-one basis through contact by Ministry officials or the 
consultants engaged in the process of developing the plans.  

STEP 2:  Raising Awareness about SLCPs 

The SLCP issue is a new framing, and the opportunities to achieve considerable climate, clean air and 
development benefits is not widely known. The process of preparing national plans is a great vehicle 
for increasing awareness of SLCPs in a country, and one important function of the process of 
national planning is to increase awareness inside the country of SLCP issues and the benefits through 
consultation with different ministries, stakeholders in different sectors, NGOs and academics.  

The process of stakeholder engagement will provide a platform for awareness raising about SLCPs. 
This can be enhanced by distributing communication materials before, during and after meetings. In 
doing this countries can get help from the SNAP partners and implementers and the CCAC more 
generally.  

Broader awareness raising is also important – to engage with different stakeholders not directly 
involved with the national SLCP planning process, yet are still important for progress to be made in 
addressing SLCPs. During the planning, a media strategy is important, and stakeholder meetings 
provide a focus for media attention to the issue. The CCAC has a communication strategy and 
materials, which can be used to help countries to develop their awareness raising as part of the 
national SLCP planning process.   

STEP 3: Assessing SLCPs in the National Context 

This step is needed to map existing knowledge that is relevant for SLCP strategies in each country. 
The framing of the SLCP issue can help to initiate this as we know many of the main sectors and 
emission sources that are relevant for the development of an SLCP strategy. For example, we know 
that cooking indoors with solid biomass is an important source, as are diesel vehicles. Therefore, the 
initial baseline assessment can collect information relevant to these sources and itemise the current 
situation, knowledge on emissions as well as any plans or legislation. This step also needs to develop 
the quantitative assessment of emissions from key sources, to be able to quantify the benefit of 
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implementing SLCP strategies.  Some countries may have comprehensive emission inventories, but 
most developing countries will have patchy emission inventories and this can hamper the 
assessment of impacts and benefits and limit the promotion of action in a country.  

Baseline assessment of information relevant to SLCPs  

This initial part of the national planning process can usefully undertake a baseline inventory of 
information about SLCPs, and relevant sectors producing them in each country.  This can include an 
inventory of source material that can inform the national planning process, mapping of 
responsibilities for the different sectors producing emissions that are part of the SLCP problem, and 
identifying programmes that have been undertaken in the country that are relevant to SLCPs. The 
following questions can help develop this information:  

 What relevant written material exists about SLCPs, sources and control measures in your 
country, region or internationally?  

 Which institutions are involved with SLCP issues?  

 What are the relevant initiatives for SLCPs? 

 What data exists that can be used to characterise the SLCP issue? 

 What plans and strategies (i.e., LEDS, air quality management plans etc.) exist that SLCP can 
be mainstreamed into?  

 What existing legislation, policies, programmes, strategies or projects are relevant to SLCP 
mitigation? 

 Which institutions are responsible for the sectors where SLCP measures would be 
implemented?  

The baseline assessment needs to compile the information on the current situation in any country 
regarding SLCPs including a review of existing literature, various action plans, policies, laws etc. of 
each country. This includes getting an initial understanding of the main emitting sectors involved, 
compile existing data / reports and other information that can be used for SLCPs, identify gaps, on-
going activities etc. The baseline assessment needs to consider the overall planning context and 
compile information on development programmes, project and policies / legislation that is relevant 
to SLCPs, and also plans and strategies in the surrounding region. 

It is also important to start developing an understanding of the progression of SLCPs into the future 
– compiling information with regard to on-going initiatives that plan to reduce emissions; existing 
initiatives with the potential to be scaled up, and starting to identify gaps in planning in any country 
with regard to SLCP-related emissions. The national planning document template (Annex 4) 
illustrates how this information can be laid out.  

Estimating the contribution of different sources to SLCPs 

SLCPs come from incomplete combustion, methane and HFC emissions from different sources. The 
sources that are relevant in each country need to be identified, and quantitative estimates of the 
emissions for all relevant substances need to be made in order to identify the relative importance of 
the different sources in the country. This needs to be undertaken for a recent year where there is 
sufficient data, and the progression of emission over time also needs to be estimated, as any benefit 
of emission reduction will be realised in relation to the reference emissions in any year. Ideally, 
emissions from more than one historical year would be estimated in order to look at trends. For 
some countries, the emissions for certain pollutants or all emissions in certain sectors may already 
have been estimated by various projects or programmes. In other cases, no emission estimates will 
be available, or they may only have partial coverage. In these situations, the LEAP-IBC tool can be 
used to estimate emissions and scenarios. Each country needs to understand the relevant sources of 
emissions that give rise to SLCPs. The focus on SLCPs requires understanding sources of emissions 
related to incomplete combustion, and emissions of methane and of HFCs. This means that relevant 
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emissions in different sources categories needs to be estimated. See Annex 1 for a description of the 
LEAP-IBC tool that can be used to estimate emissions and emission scenarios. Annex 2 provides 
details of the data that are required to populate the LEAP-IBC to calculate emissions.  

Sources of Methane 

Methane emissions result from fugitive emissions from fossil fuels (oil, coal and gas extraction, and 
from the transport of natural gas), anaerobic digestion of organic matter (in landfills, rice paddy 
fields, wastewater and animal waste) and from enteric fermentation in livestock. With regard to 
most of these sources, methane can be regarded as the most important emission from these 
sources, and co-emitted compounds are of such a low proportion of total emission that they are of 
little importance in order to assess climate and air quality impacts (this is different from sources of 
BC – see section below). Exceptions include municipal waste where some toxic compounds may be 
released and where measures to reduce methane would have an added benefit of reducing toxic 
emissions; from rice paddies N2O emissions are important to consider in terms of the overall climate 
impact, and manure management also has an interaction with ammonia emissions. The following is 
a list of relevant sources of methane to be considered:  

i. Coal mines 
ii. Oil and gas extraction 
iii. Gas transmission pipelines 
iv. Rice paddies 
v. Animal husbandry / livestock  
vi. Waste water 
vii. Municipal waste 

Sources of incomplete combustion, including black carbon 

Black carbon results from the incomplete combustion of fossil fuels, wood and other biomass. 
Although complete combustion would turn all the carbon contained in the fuel into carbon dioxide, in 
practice, combustion is never complete and always releases other gases including carbon monoxide 
(CO), methane, non-methane volatile organic compounds (NMVOCs), and particulate black carbon 
and organic carbon. Black carbon and other particles are emitted from many common sources, such 
as diesel cars and trucks, residential stoves, forest fires, agricultural open burning and some industrial 
facilities.  

There is a close relationship between emissions of black carbon, a warming agent, and organic carbon, 
a cooling agent as they are always co-emitted, but in different proportions depending on the source.  
Similarly, mitigation measures have varying effects on the black carbon/organic carbon mix, and on 
concentrations of other particles and ozone precursors. From the assessment by IIASA during the 
development of the UNEP/WMO assessment (in 2011), and in Bond et al. (2013), of the relative 
emission of different substances and their net impact on warming, cooking with solid fuels on 
traditional cookstoves and in-field burning of agricultural waste lead to net warming in the 
atmosphere, and so reducing these activities will provide a climate benefit, reducing warming. 
Another major source of products of incomplete combustion, and one of the largest sources of BC is 
from forest fires. However, here the organic carbon emission far outweighs the BC and so the net 
impact is cooling and reducing this emission will lead to net cooling. Therefore, this is not a target for 
an SLCP strategy. Nevertheless, there are many good reasons to reduce forest fires: human health 
impacts from PM2.5, BC deposition on glaciers, snow and ice, net CO2 emissions etc. It is important to 
tackle forest fires, but the SLCP strategy focuses on part of the problem of substances emitted to the 
atmosphere, and other strategies (e.g., CO2 or air quality policies) would concentrate on emission 
sources such as forest fires or power stations. Therefore, the effectiveness of mitigation measures 
applied to different sources must take into account the changes in all emissions that influence 
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warming. The main sources of BC considered at global scale to be of interest in terms of mitigating 
near-term climate change are:  

i. Industry – brick kilns and coke ovens  
ii. Residential cooking and heating using biomass and lump coal 
iii. Kerosene wick-lamps 
iv. Agricultural residue burning  
v. On-road and off-road diesel engines  
vi. Gas flaring 

Other sources may be locally important and for each of these an assessment of relevance for an SLCP 
strategy will need to be made. Clearly, all diesel engines are sources of substantial BC emissions, and 
so diesel-powered generators are a target for an SLCP strategy in countries where there are many of 
these. In Bangladesh 50,000 rice parboiling units emit a lot of black carbon in rural areas. 

Sources of HFC emissions 

Hydrofluorocarbons (HFCs) are intentionally made to replace stratospheric ozone depleting 
substances (ODS), in such applications as air conditioning, refrigeration, solvents, foam blowing and 
aerosols. Although they do not deplete the ozone layer, they are potent greenhouse gases and a 
substantial fraction of hydrofluorocarbons have a lifetime of 29 years or less (with an average 
lifetime of 15 years) and can be considered short lived (Velders et al., 2009). Although the 
abundance of hydrofluorocarbons in the atmosphere is currently small, recent scientific studies 
project substantial growth in their use in the coming decades as a result of increased demand for 
refrigeration and air-conditioning, particularly in developing countries. If left unchecked, HFC 
consumption is projected to double by 2020, and their emissions could contribute substantially to 
radiative forcing in the atmosphere by the middle of the century. The main uses of HFCs are for the 
following purposes (refrigeration and air conditioning in buildings and industrial operations amount 
to 55% of HFC usage measured in terms of CO2e using GWP100 – percentages for other uses shown in 
brackets below – from UNEP 2011b): 

i. Refrigeration  
ii. Air conditioning equipment in building 
iii. Air conditioning equipment in vehicles (about 24% of HFCs in use) 
iv. Foam products (about 11%) 
v. Fire protection systems (about 4%) 
vi. Solvents (about 1%) 

Other sources of SLCPs 

In the pilot phase, countries identified further source sectors, especially in relation to black carbon 
emissions. One such example is in Bangladesh, where there are 50,000 rice parboiling units in the 
country using biomass with poor combustion conditions. In addition, CCAC has identified the potential 
for kerosene wick lamps to be a large BC / incomplete combustion source on the basis of Lam et al. ( 
2012). Therefore the list of source sectors above is incomplete for individual countries, as this 
classification is based upon the global assessment of black carbon and tropospheric ozone, and the 
important sources will differ at the national level. For additional methane sources, if these emit largely 
methane, it is easy to add the additional sources to the list. The same is true for HFC sources. It is more 
difficult for BC sources, as the definition of a relevant SLCP source also depends on the net impact of 
all co-emitted pollutants on climate as well as on human health and crops.  

Estimating SLCP-relevant emissions 

To estimate the relative importance of different SLCP-relevant sources in a country, the first stage is 
to develop an emission inventory of one, or preferable more than one, historical year for which data 
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are readily available. Having more than one year means that historical trends can be picked up and 
help in the development of scenarios later on.  

The basic method of estimating emissions is to multiply an activity variable (e.g., fuel used each year, 
km travelled etc.) by an emission factor (average emission of a substance per unit of activity). The 
difficulty is to find an appropriate emission factor and the availability of activity data. Also, for some 
sources it is appropriate to have more detailed methods. This is especially true for the transport 
sector where the speed, terrain, level of maintenance of vehicles, turnover of the fleet, etc., all 
affect emissions. However there are also considerable uncertainties for other sectors, such as 
emissions from burning wood or other biomass from different cookstoves, where the fuel quality 
and condition (e.g., moisture), as well as the design of stove where it is burnt all affect emissions.  

There is considerable experience in developing emission inventories and this experience can be used 
to develop a reasonable picture of the emissions from different sectors to identify the important 
sources in a country for SLCP mitigation. Uncertainty around the estimates can also be explained and 
illustrated to policy makers.  

In SNAP all countries that have participated thus far have used LEAP-IBC to estimate historical 
emissions (e.g., for 2005) and future emissions (for 2030) under different scenario assumptions, e.g., 
‘business as usual’. The tool has a tree structure that includes all major emitting sectors and 
branches for each fuel and technology combination. For each fuel/technology combination there is a 
default emission factor and a place for the relevant activity data to be input. Once the data are input 
to LEAP-IBC, the resulting emissions are aggregated and can be shown in terms of emissions by 
sector / fuel / technology for the given year. A large part of developing the emissions is to compile 
the activity data by sector / fuel / technology.  

Annex 2 shows a list of required data for the emission inventory. If data are missing, then estimates 
can be put in. It is important at all stages to document the sources of all data and any assumptions / 
best guesses that are made so that these can be traced, understood and modified in subsequent 
improvements of the inventory. The resulting emissions are for all relevant substances (BC, OC, CH4, 
other PM2.5, NMVOC, NOX, SO2, CO2, NH3). The results may be shown for individual substances (see 
example for Colombia using provisional data in Figure 2) or may show more than one substance.     

If a comprehensive inventory of air pollutants and GHGs does not exist then the country will need to 
decide whether they would: 

 undertake a comprehensive inventory;  

 undertake a targeted inventory to understand emissions from sources that are likely targets 
for reducing emissions through the implementation of likely priority measures. 

Countries may have emission inventory and assessment tools at their disposal, and these could be 
modified and used, but alternatively the LEAP-IBC tool developed specifically for the CCAC national 
planning can be used to estimate emissions. 

The emission inventory will enable the country to identify relevant sources with presentation of: (i) 
emissions of SLCPs and current trends in emitting sectors (taking into account current legislation 
relevant to SLCPs, efficiency trends in key processes, driving forces in key sectors, etc.); (ii) ‘business 
as usual’ scenarios; (iii) SLCP mitigation scenarios to inform prioritisation of potential measures and 
(iii) identify knowledge and data gaps.  

Key questions include: 

• Is there an air pollution emission inventory? Can the data be accessed? 
• Is there a GHG emission inventory? Can the data be accessed?  
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• Can the data in the data sheet in Annex 1 be provided from national bodies? Or could 
international data be used? 

• How are the emissions distributed in your country? (identify location of point sources; 
identify the main factors controlling the location of emissions and how they are related – 
e.g. in urban centres, in relation to urban / rural population, regional GDP, line sources – i.e. 
roads, etc.). 

 

 

 

 

a) 

 

b) 

 

 

 

 

 

 

 

 

Figure 2 a) Black Carbon emissions share and b) methane emissions share in Colombia estimated using the 
LEAP-IBC tool 
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STEP 4: Identifying Opportunities to address SLCPs  

Identify SLCP Measures to Reduce Emissions relevant for the country 

There is an approach to the identification of relevant measures that will be considered as part of the 
SLCP agenda. This has been developed during the UNEP/WMO Assessment and in that document 
has led to the selection of 16 measures at global scale to reduce warming and provide air quality 
benefits. HFCs do not have air quality benefits but any measure which prevents the use of short-
lived HFCs or replaces them in equipment is relevant to the SLCP strategy.  

For the sources of SLCPs other than HFCs, the net effect of specific emission control measures can be 
positive or negative. This is because the sources emit in some cases many different pollutants to the 
atmosphere, some of which warm and some of which cool the atmosphere. Only those measures 
that led to a net cooling of the atmosphere were considered for inclusion in the portfolio of SLCP 
measures that can be considered to provide both climate and air pollution co-benefits.   

Measures identified to reduce methane emissions and emissions from incomplete 
combustion from the UNEP/WMO Assessment 

In the UNEP/WMO Assessment, the most important measures have been identified that could yield 
the largest reduction in radiative forcing from SLCPs at the global scale. Measures that have only a 
small net impact or that would even increase radiative forcing have been excluded from the 
portfolio. The measures focus on reducing methane emissions – which reduce background ozone 
formation as well as reducing warming - and reducing the emissions from incomplete combustion. 
Combustion is rarely complete and burning fuels such as coal, wood, biomass and petroleum 
products under sub-optimal conditions usually leads to the emission of a number of different 
pollutants. These include BC, OC, methane, CO and NMVOC. There are also likely to be other co-
emitted substances such as CO2, nitrogen oxides (NOX) and sulphur oxides (SOX). Some of these 
warm the atmosphere (BC, methane, CO, CO2, NMVOCs) and some cool the atmosphere (OC, SOX, 
NOX) and in order to identify the measures that lead to net climate benefits, the relative magnitude 
of the emissions of the various substances and their cooling/warming potential needs to be used to 
evaluate the net impact of a measure on emissions and climate.  

In the UNEP/WMO Assessment, this analysis was undertaken using the IIASA GAINS model which 
estimates mitigation potentials for the full range of air pollutants and GHGs of hundreds of different 
measures (about 400 broad emission control categories). The analysis found that about 130 
measures lead to lower radiative forcing and the top 16 collectively achieve nearly 90 per cent of the 
overall mitigation potential according to the GWP100 metric used in the analysis. These 16 measures 
(7 ‘methane measures’ and 9 ‘BC measures’ affecting incomplete combustion) are shown in Table 1. 
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Table 1. Measures Identified in the UNEP/WMO Assessment of Black carbon and tropospheric ozone to 
reduce radiative forcing from short-lived substances, and improve air quality 

Measure Sector 

‘Methane measures’ 
Extended pre-mine degasification and recovery and oxidation of CH4 from ventilation 
air from coal mines. 

Extraction and 
transport of fossil 
fuels Extended recovery and utilization, rather than venting, of associated gas and improved 

control of unintended fugitive emissions from the production of oil and natural gas. 

Reduced gas leakage from long-distance transmission pipelines. 

Separation and treatment of biodegradable municipal waste through recycling, 
composting and anaerobic digestion as well as landfill gas collection with 
combustion/utilization. 

Waste 
management 

Upgrading primary wastewater treatment to secondary/tertiary treatment with gas 
recovery and overflow control. 

Control of CH4 emissions from livestock, mainly through farm-scale anaerobic digestion 
of manure from cattle and pigs. 

Agriculture 

Intermittent aeration of continuously flooded rice paddies. 

‘Black Carbon measures’, reducing incomplete combustion;  affecting BC and other co-emitted 
compounds 

Standards for the reduction of pollutants from vehicles (including diesel particle filters), 
equivalent to those included 
in Euro-6/VI standards, for road and off-road vehicles 

Transport 

Elimination of high-emitting vehicles for road and off-road transport. 

Replacing lump coal by coal briquettes in cooking and heating stoves. Residential 

Pellet stoves and boilers, using fuel made from recycled wood waste or sawdust, to 
replace current wood-burning technologies in the residential sector in industrialized 
countries. 

Substitution of traditional biomass cookstoves with stoves using clean-burning fuels 
(liquefied petroleum gas (LPG) or 
biogas)1, 2. 

Substitution of clean-burning cook stoves using modern fuels for traditional biomass 
cook stoves in developing countries1, 2 . 

Replacing traditional brick kilns with improved kilns – e.g. vertical shaft kilns and 
Hoffman kilns. 

Industry 

Replacing traditional coke ovens with modern recovery ovens, including the 
improvement of end-of-pipe abatement measures in developing countries. 

Ban of open burning of agricultural waste1. Agriculture 
1 Motivated in part by its effect on health and regional climate, including areas of ice and snow. 

2 For cookstoves, given their importance for BC emissions, two alternative measures are included. 

3 There are other measures than those identified that could be implemented. For example, electric cars would have a 
similar impact on diesel particulate filters but these are not yet widely available; forest fire controls could also be 
important but are not included due to the difficulty in establishing the proportion of fires that are anthropogenic. 

 

Measures to prevent / reduce relevant HFC emissions 

The implementation of HFC measures can almost completely eliminate one of the greenhouse gases 
in the Kyoto basket, avoiding the climate impacts of HFCs before they grow any larger, and achieving 
further benefits by catalysing improvements in appliance energy efficiency. The reduction of HFC 
emissions could reduce the climate forcing of HFCs in 2050 to below their current forcing today, 
which would effectively eliminate a climate threat before it develops. Furthermore, transitioning 
away from HFCs can catalyse additional climate benefits through improvements in the energy 
efficiency of the refrigerators, air conditioners, and other products and equipment that use HFC 
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refrigerants. Pairing a transition away from HFC refrigerants with energy efficiency improvement in 
the room air conditioning sector can significantly reduce peak-load energy demand. 

The majority of the HFC emissions come from two sectors: mobile air conditioning and commercial 
refrigeration. Further important sources include stationary air conditioning, which includes 
residential window and split unit air conditioners. Measures to reduce HFC emissions includes 
incentives to marketing climate-friendly technology be put in place in countries. This includes, for 
instance, placing controls on imports of HFC containing products and equipment. At the same time 
countries can reduce domestic HFC emissions by converting and retrofitting existing facilities and 
equipment from high-GWP HFCs or HCFCs to lower-GWP alternatives when technically feasible and 
safe, reducing unnecessary emissions during equipment servicing and repair, and capturing and 
destroying HFCs at the end of equipment life. 

Countries can skip transitioning to high-GWP HFCs by converting to lower-GWP and not-in-kind 
technologies (such as district cooling), thus avoiding a secondary conversion in a later stage, and the 
growth of emissions of these powerful greenhouse gases while eliminating existing sources of HFCs. 
Different measures and policies, including the potential for the Montreal Protocol to phase down 
HFCs, are presented in Table 2. 

Table 2: HFC Measures 
General o Phase Down HFCs under the Montreal Protocol 
Transport o Switch to low GWP HFC-alternatives in mobile air conditioning 
Industry and 
services 

o Implementation of good practices including leakage control, improved 
components, and end-of-life recovery; 

o Training of servicing technicians; 
o Technology conversion to lower-GWP or not-in-kind alternatives; 
o Reduce the charge size and improve energy efficiency; 
o Ban imports of products containing high-GWP HFCs, unless essential; 
o Retrofit/replacement of refrigerants with lower GWP alternatives provided 

the equipment allows this can be done safely and without jeopardizing energy 
efficiency. 

 

Identifying additional SLCP measures  

The UNEP/WMO Assessment identified those measures that had the main impact at global scale, but 
at the national scale other sources may be more significant. The issue is to identify those measures 
that fulfill the criteria of reducing warming and providing benefits to air quality. Any measure that 
mainly reduces methane alone can be included in the mix of measures that can be assumed to 
reduce warming and have air quality benefits.  For measures reducing incomplete combustion, 
essentially the same analysis that has been undertaken to identify the 16 measures would need to 
be undertaken to ensure that the emission reductions of the different substances caused by 
implementation of the measure would result in a net climate benefit. Such a procedure would need 
to consider the change of emissions of all co-emitted substances and estimate the net climate 
impact considering the GWP of each gas emitted. Assessing the air quality benefit would generally 
be easier if the measure reduces primary particulates, emissions that lead to secondary particulate 
matter or precursors of tropospheric ozone.  

As a shorter step, it will be possible in some cases to assume that some measures would be 
equivalent to other measures already identified. For example, replacing diesel vehicles with gasoline, 
LPG, CNG or electric vehicles would be equivalent to retrofitting a diesel vehicles with diesel particle 
filter (DPF) or introducing EURO VI standards for new diesel vehicles.  
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Identifying measures relevant for any specific country 

The emission inventory for the chosen historical year(s) and the knowledge of the main SLCP 
measures, allows the identification of those of the 16 methane/BC measures, and additional HFC 
measures, that are relevant for reductions of SLCPs from that country. In addition, additional 
measures identified as being important for a country can be highlighted and could be included in 
national planning.  

Developing ‘Reference’ emission scenarios  

Planning for SLCP mitigation requires an understanding of emissions changes from SLCP-relevant 
sources are likely to be in the future. If emissions from a source are likely to be reduced by current 
trends in factors driving those emissions (including current and planned legislation) and without 
further interventions, there may be no need to prioritise measures that reduce emissions from these 
sources. On the other hand, some sources that are currently unimportant could grow significantly in 
the future.  Therefore, the estimated change in emissions from such sources into the future 
according to a ‘business as usual’ case or a ‘reference’ scenario needs to be compared with scenarios 
where additional action is taken to reduce emissions (i.e. mitigation scenarios), in order to 
understand where there are opportunities for further emissions reductions to address SLCP 
problems.  

The word ‘Scenario’ means a plausible alternative state of the future. A scenario involves the 
understanding of how trends, driven by certain driving forces (e.g. social, demographic and 
technological) can evolve with high or low degree of certainty. A scenario building process is the 
exercise of building, exploring and assessing different visions of the future and is a strategic tool for 
making and guiding decisions. Each scenario is one alternative image of how the future might unfold. 
The ‘reference’ scenario, or scenarios if so desired, that can be used to inform the national planning 
represent likely development in the main emitting sectors. Figure 3 shows the relationship between 
socio-economic drivers affecting the development of sectors, policy measures that will affect the 
volume of activity and introduction of technical measures affecting emission factors. 

 

 

 

 

 

 

 

Figure 3. Development of scenarios – the relationship between socio-economic factors affecting emitting 
sector development, the impact of policies and measures on the volume of activity and the influence of 
policies or global trends that introduce improved and low emission technological measures. By developing 
knowledge of the progression of these over time, reasonable emission scenarios can be developed.   

 

The development of scenarios entails different levels of uncertainty, and methods look at trends in 
those social, economic and technological factors that are important for each emitting source 
relevant to SLCPs. There are some overarching socio-economic trends that are likely to affect all 
emissions in some way. These include changes in population and changes in purchasing power and 
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wealth. In the pilot phase of SNAP, most countries have used simple relationships between GDP, 
population and the development of emissions in key sectors.  

However, for any particular source there are likely to be driving forces specific to that sector. This 
would include preferences for the purchase and use of diesel vs. petrol cars in different countries, 
whether people prefer brick buildings as opposed to concrete, wood or other materials. For point 
sources, such as methane from coal mines, any plans to close the mine, if reserves become depleted, 
will clearly affect emissions in the country. And of course the trends in technology use that is used in 
a sector will affect emissions.  

For any particular source there will be a relationship with key drivers that could be used to estimate 
the development of the sector and change in emissions into the future. The difficulty is to 
understand the extent to which the drivers affect emissions. This will also vary by country and 
understanding how a sector will change will be of the aspects that the country will need to 
undertake. Table 3 shows likely drivers that will affect different sectors.  

Table 3 Drivers affecting the progression of emission in selected sectors and emission sources  

Emission 
source 

Factors and driving forces affecting development of emissions 

 Economic Population  Technological Social change Stock 
turnover 
rates 

Legislation 
and policy 

Transport GDP – as a country gets 
richer, people purchase 
more vehicles and more 
goods are transported 
by trucks; energy prices 
affect activity rates; 
trends in national and 
international trade 

km travelled 
and number 
of cars is 
affected by 
population 

Engines are 
improving and 
emissions of 
newer vehicles 
are lower; fuel 
quality is also 
improving  

Rate of urbanisation 
and industrialisation; 
lifestyles affecting 
transport behaviour; 
awareness of 
environmental issues 
affecting policy; fuel 
preference 

Rate of 
retirement of 
old trucks / 
buses and 
penetration 
of newer 
technology  

Urban planning, 
transport 
planning, fuel 
pricing, 
inspection and 
maintenance  
and vehicle / 
emission 
regulation all 
affect emissions 

Brick kilns As people get richer, 
household size 
decreases so more 
houses will be built  

As 
population 
increases 
more 
buildings are 
needed 

Brick kiln design 
and technician 
capability will 
affect emissions 

Desire for bricks or 
other building 
materials will affect 
brick production 

Lifetime of 
kilns affect 
how rapidly 
new design 
are adopted 

Any laws on 
design and 
technology will 
affect emissions 

Residential 
cooking 

Wealth influences the 
fuels that people use – 
increased wealth usually 
means moving away 
from high emitting fuels 

To be 
completed  

    

 

Stages in the development of scenarios 

To estimate likely changes in emissions from different sectors required developing the reference 
scenario, the following steps can be used:   

1. List key factors that affect decisions about the development of emission from the sectors; 
2. List the driving forces (can be primary – increase in brick demand; or secondary – population 

growth, GDP, equity development over time….. etc.); 
3. Rank the key factors and trends (in terms of importance to the emissions development); 
4. Develop a story-line concerning the most important factors and their trends;  
5. Develop the implications: what do the trends in factors mean for the emissions from a 

sector. 
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Once the relationships between the most important driving forces and the different SLCP sources 
have been established, and the story lines for the likely development of emissions from each source 
has been developed, the emission scenarios can be developed, using the LEAP-IBC tool if so desired. 
The resulting ‘reference’ scenario describing the overall development in emissions from all sources 
can then be used as a reference against which further action on SLCPs can be measured.  

Developing the ‘implement all measures’ SLCP scenario 

The other scenario that is fairly simple to produce is one where all of the relevant measures for the 
country are implemented to their fullest extent by some future year, such as 2030 or 2050.  This 
would allow the likely maximum emission reduction possible from different sources in each country 
to be identified and quantified. This can then be used to estimate the benefits of reducing emissions.  

Estimating the benefits of full implementation of the identified measures 

In order to estimate benefits, the emissions reduction resulting from the full implementation of the 

measures can be used to estimate the health, crop yield and climate benefits. There are standard 

methods to do this and these are included in LEAP-IBC developed for the CCAC National Planning 

activities by SEI and US EPA (see Annex 1).  

STEP 5: Developing national priorities for SLCP abatement 

In order to develop national planning to reduce SLCPs, priorities for national action on some key 
measures are required. In order to define these priorities, the major emitting sectors have already 
been identified in STEP 3, both historically and for scenarios at different points in the future. The 
measures that are relevant to the country, and the benefit that would be likely to be realised if the 
relevant measures were fully implemented in the country have been described in STEP 4. These 
results can help to set priorities for abatement by highlighting those sectors that give rise to the 
most significant emissions and measures that provide the largest benefits. However, they do not 
give all of the information required to set priorities.  Other more practical factors must then be taken 
into account in deciding what can realistically be achieved and over what timescale.    

Setting strategic policy priorities is ultimately a judgement for ministers, but this can be supported 
by relevant information on the opportunities, constraints, costs and timescales associated with each 
of the emitting sectors and available mitigation options.   For any country to set priorities, additional 
information is required about: 

- major barriers to the implementation of the relevant measures; 
- an inventory of processes, institutions, planning and policies relevant to the implementation 

of relevant measures; 
- assessment of lag times from identification of a problem, decision to do something about it, 

and the actual implementation and emission reductions;   
- costs of implementing the policy or strategy and costs of the measure itself. 

From an analysis of these factors, stories for the implementation of the measures can be developed 
and implementation pathways for the different measures identified. This can be done as a sector by 
sector, measure-by-measure assessment of opportunities and constraints, and as a basis for 
identifying a mitigation strategy for each of the relevant areas. In circumstances where resources 
and time are inevitably limited, some broad judgements of priority as between sectors and measures 
have to be made.  This can be informed by the stakeholder engagement.   
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Assess barriers to implementation 

There may be barriers to the implementation of key measures for a variety of reasons, either due to 
financial, technical, institutional or other reasons. Examples of barriers related to the different 
measures, as well as enabling activities to overcome them are included in Table 4. As countries 
undertake their national planning, further barriers specific to these countries may be identified, such 
as:  

 lack of equipment to monitor emissions from vehicles as required by policy;  

 increased operation and maintenance costs of moving from one fuel to another (e.g. to CNG 
from diesel);  

 awareness of the importance of issues in key ministries;  

 lack of data for emissions from new technology (e.g. new cookstove designs);  

 upgrading laws on emission standards;  

 lack of cost-benefit information (e.g. for coal-bed methane extraction);  

 limited data (e.g. on venting of methane from coal mines); and 

 lack of capacity in the private sector (e.g. to measure methane leakages etc).  

 

Table 4 Major measures, barriers and enabling reforms available to facilitate implementation of the package 
of 16 SLCFs mitigation measures (Source:  UNEP 2011) 

Sectors Measures Barriers Enabling activities 

Residential 
combustion 
 
 

Fuel switching  High fuel and technology costs  

 Limited fuel supplies 

 Tax incentives, subsidies 

 Facilitated access to alternative fuels 

Improved cookstoves  Low awareness of health impacts of 
established cooking practices  

 Limited durability of improved stoves  

 High cost of technology for the poor  

 Awareness raising and community 
outreach  

 Improved technology  

 Subsidies or loans 

Pellet stoves/boilers in 
industrialized countries 

 Lack of awareness  

 Lack of harmonised standards 

 Public education and outreach 

 Introduce harmonised black carbon 
emission standards 

Agriculture 
and forestry 

Banning the burning of 
agricultural residues 

 Weak enforcement of regulations  Enhanced enforcement capacity 

 Awareness raising of alternative 
uses of crop residues (e.g. 
composting)  

Intermittent aeration of 
rice paddies 

 Low stakeholder awareness   Outreach and demonstration 
projects 

Emissions from manure 
(farm-scale anaerobic 
digesters) 

 Farms too small for anaerobic 
digestion 

 Adherence to traditional practices  

 Co-operation between farms 

 Outreach and demonstration 
projects  

Methane emissions from 
livestock 

 High costs of modified feed  Economic incentives 

Industrial 
processes 

Cleaner and more efficient 
brick kilns 

 Limited access to finance and skilled 
personnel 

 Economic incentives 

 Capacity building & training 

Modernisation of coke 
ovens 

 Limited community awareness 

 Lack of relevant regulation and 
enforcement 

 Outreach and demonstration 
projects  

 Issuance of relevant regulation 

 Enhanced enforcement capacity 

Pre-mine gasification   High upfront investment  Economic incentives 

Fossil fuel 
industry 

Ventilation air methane 
oxidation 

 Technical constraints  Improved technology 

 Technology transfer 

Recovery of vented 
methane 

 Lack of infrastructure 

 Lack of nearby markets  

 Economic incentives 

Reducing leaks from 
transmission pipelines 

 Cost of monitoring and maintenance  Strengthened regulations and 
enforcement procedures 

 Enhanced enforcement capacity 
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Transport Diesel particle filter  Unavailability of ultra-low sulphur 
fuels 

 Government regulations to require 
ultra-low sulphur fuels 

Removing high-emitting 
vehicles 

 Lack of regular 
inspection/enforcement 

 Introduction & enforcement of 
inspection & maintenance 
programmes 

 Scrappage schemes 

Waste 
management 

Separation of bio-
degradable solid waste, 
and generation and 
recovery of methane 

 High capital costs 

 Low prices for methane 

 Complex permitting schemes and 
liability issues 

 Economic incentives including 
financial mechanisms 

 Introduction of clear legislation  

Upgrading primary 
wastewater treatment  

 High cost  Further legislation requiring 
secondary or tertiary treatment 

 

In each country and for each measure the ways by which barriers may be overcome need to be 
assessed and described. A part of this is to understand the status with regard to the main institutions 
that have a responsibility or stake in implementing key measures, as well as understanding the 
policy environment and on-going programmes which could provide an opportunity for early 
implementation.  

Identifying regulatory institutions, stakeholders, policies and programmes relevant 
to SLCPs 

An inventory of processes, institutions, planning and policies pertinent to the implementation of 
relevant measures needs to be identified. For each relevant measure identified for a country the 
following questions may be appropriate: 

 which decision making processes in your country are relevant to the implementation of this 
measure? (e.g., climate policy, air quality management, waste management policy etc...); 

 which institutions are involved in the sector, emissions or applying the measure in your 
country? 

 which ministries have responsibility for the sector and its emissions? 

 which policies exist for emissions from this sector? 

 what are existing relevant government programs? 

 which development priorities interface with different SLCP sources and measures?  

 what new national initiatives are there?  

In addition to policies and legislation, there are regional processes and international initiatives that 
may be active in the country. These may be directly related to the emissions – such as through the 
Low Emission Development Strategies initiative and the Global Methane Initiative (GMI) which will 
address methane and other emissions directly. For some initiatives the linkages are less obvious, yet 
still affect SLCPs. For example, a GEF-funded project to reforest the Sahel requires that on-field 
agricultural burning of biomass be controlled, to avoid accidental burning of planted forest.  Other 
international initiatives focus on individual sectors – such as the Global Alliance of Clean Cookstoves. 
There are also a multitude of projects by bilateral donors, regional banks and the World Bank. 
Knowing what is going on and learning from these and understanding how the national SLCP 
planning can best integrate with them is an important part of the national planning process. The 
following questions can help determine the scope of this potential for help from international 
initiatives:  

 Which regional processes could be used to promote the implementation of different SLCP 
measures?  

 Which international action programmes can support the mainstreaming of SLCP mitigation 
into the national development process? 

Table 5 shows an example of relevant initiatives in Colombia from their draft SNAP. 
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Table 5 Summary of Colombian SLCP-related initiatives 

No. Initiative SLCPS 

1 Air Pollution Control and Prevention Policy Black Carbon, Tropospheric 
Ozone 

2 Freight Transport Polices and Possible NAMA Black Carbon 

3 Clean Cook-Stoves (not a formal implemented program) Black Carbon 

4 Brick Sector (not a formal and single program) Black Carbon 

5 HFC Initiative  HFC 

6 Colombian Low Carbon Development Strategy (CLCDS) Methane 

7 Integrated Solid Waste Management NAMA in 
Colombia 

Methane 

8 ECOPETROL’s Climate Change Strategy   Methane 

9 Methane capture in Coal Mines Methane 

10 Waste Sector Clean Development Mechanism Projects Methane  

11 Methane Reductions in the Mining Sector Methane 

 

 

Costs of implementing measures 

The costs of implementing measures is clearly an important step in the decision making process of 
any country and important in developing the priorities for action on SLCPs. In many countries the 
ability to compare costs with benefits is an important part of the decision making process. However, 
assessing costs of measures is not an easy task. The measures being discussed are being 
implemented in many parts of the world already and there is considerable evidence for the 
derivation of direct costs of a measure – the cost of a cookstove or cost of methane recovery from a 
coal mine. These costs are relevant in many cases, but for other measures the indirect costs may be 
more important than, or at least equally as important as, the direct costs. These indirect costs refer, 
for example, to the cost of implementing a policy or costs of enforcing regulations. Therefore, the 
success of a cookstove policy may depend more on the cost of awareness raising, capacity building 
and engagement of the private sector than the cost of the stove itself.. Table 6 shows direct costs of 
different measures from two different perspectives: the social planner perspective with a low 
assumed discount rate of 4%, where the concentration is on long-term benefit to society, and the 
private investor perspective, requiring more rapid return on investments where a 10% discount rate 
is assumed (UNEP, 2011).  
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Table 6 Overview of costs of methane and black carbon measures. Shown are preliminary cost estimates of 
methane and black carbon measures in terms of costs per tonne of methane or black carbon. Two cost 
perspectives are shown, that of the ‘social planner’, and that of the private investor. See text. (Note: these 
are preliminary cost estimates. The uncertainty is higher for measures related to technologies that are not 
traded globally) (Source UNEP 2011) 

 Costs per tonne reduced1, 5)  
(social planner’s 

perspective; global mean 
value; variation across the  

regions shown in 
parentheses) 

Equivalent carbon 
price2, 5, 6) (private 

investor’s 
perspective; global 

mean value; 
variation across 

the regions shown 
in parentheses).  

Non-climate benefits of 
measure 

    

GROUP 1: Cost Savings or Low Cost      

Cooking and heating with biomass in developing countries: 
- clean burning stoves instead of conventional stoves 

and/or 
 

 

- clean fuel (LPG/biogas) instead of biomass stoves.  

 
-10,100 $/t BC 

(-12,000 to -5,000) 
 

-200 $/t BC 
(-240 to -100) 

 
-6 $/t CO2e 

(-7 to -3) 
 

7 $/t CO2e 
(6  to 14) 

 
Health protection, indoor 
air quality, crop 
protection4 

Recovery and utilization of vented associated gas during oil 
production.  

-150 $/t CH4 

(-730 to 480) 
70 $/t CO2e 

(32 to 92) 
energy efficiency, 
crop protection 

Separation and treatment of biodegradable municipal waste 
with no biodegradable waste disposed of to landfill.  

-1,650 $/t CH4 

(-1,840 to -1,450) 
29 $/t CO2e 

(12 to 53) 
Improved waste 
management, 
energy efficiency, 
crop protection 

Replacing coal with coal briquettes in cooking and heating 
stoves in developing countries. 

Approximately zero $/t BC Approximately zero 
$/t CO2e 

Health protection,  
crop protection 

Reduced leakage during gas pipeline transmission. -190 $/t CH4 

(-259 to 4,120) 
27 $/t CO2e 
(21 to 382) 

Long-term economics, 
energy efficiency, 
crop protection 

Recovery and utilization of vented associated gas during gas 
production.  

-690 $/t CH4 

(-721 to -632) 
-7 $/t CO2e 

(-8 to -6) 
Long-term economics 
energy efficiency, 
crop protection 

Farm-scale anaerobic digestion on large farms with liquid 
manure management. 

-400 $/t CH4 

(-2,320 to -1,250) 
34 $/t CO2e 

(17 to 81) 
Energy efficiency,  
crop protection 

Replacing traditional brick kilns with more efficient kilns. -5,500 $/t BC 
(-5,600 to -4,400) 

-7 $/t CO2e 
(-5 to -8) 

Improved quality of 
bricks, health protection, 
energy efficiency, 

GROUP 2: Moderate Cost    

Coal mines: oxidation of ventilation air methane including 
improvements in ventilation air systems. 

280 $/t CH4 

(222 to 2,820) 
13 $/t CO2e 
(11 to 137) 

Occupational safety 

Coal mines: recovery of pre-mine degasification emissions.  1,300 $/t CH4 

(500 to 10,500) 
74 $/t CO2e 
(37 to 445) 

Occupational safety, 
energy efficiency 

Feed changes for dairy and non-dairy cattle. 1,330 $/t CH4 

(1,090 to 1,880) 
53 $/t CO2e 

(44 to 75) 
Improved meat quality  

Replacing traditional coke ovens with modern recovery ovens. 190 $/t BC 
(140 to 500) 

0.4 $/t CO2e 
(0.3 to 1.1) 

More cost-effective 
production, 
energy efficiency 

GROUP 3: High Cost     

Euro VI/6 standards (incl. DPF) for heavy duty vehicles 145,000 $/t BC 
(120,000 to 200,000)  

300 $/t CO2e 
(240 to 410) 

Health protection, 
crop protection 

Euro VI/6 standards   
for light duty vehicles: 

- with diesel particle filters. 

 
570,000 $/t BC 

(225,000-815,000)  

 
1,400 $/t CO2e 
(500 to 2,000) 

Health protection, 
crop protection 

Euro VI/6 standards (incl. DPF) for off-road mobile machinery. 80,000 $/t BC  
(36,000 to 150,000)  

180 $/t CO2e  
(80 to 350 

Health protection, 
crop protection 

Intermittent aeration of continuously flooded rice paddies.  3,160 $/t CH4 

(1,750 to 35,300) 
130 $/t CO2e 
(70 to 1,410) 

Crop protection 
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Control of unintended leakages during oil production. 3,410 $/t CH4 

(1,310 to 22,800) 
140 $/t CO2e 

(52 to 913) 
Energy efficiency, 
occupational safety 

Pellet stoves and boilers replacing current wood burning 
technologies in industrialized countries. 

320,000 $/t BC 
(200,000 to 400,000) 

710 $/t CO2e 
(440 to 880) 

Energy efficiency, 
health protection 

Control of unintended leakages during gas production.   3,390 $/t CH4 

(1,300 to 10,300) 
160 $/t CO2e 

(72 to 428) 
Energy efficiency, 
occupational safety 

Upgrading of primary to secondary/tertiary wastewater 
treatment.  

4,090 $/t CH4 

(2,990 to 6,420) 
430 $/t CO2e 
(335 to 633) 

Improved water quality 

GROUP 4     

Elimination of high-emitting vehicles.    Health protection, 
energy efficiency 

Ban of field burning of agricultural waste.    Health protection, 
crop protection, 
improved visibility 

1) For the main substance affected (methane – CH4, or black carbon - BC).  
2) Taking into account impacts of co-emitted species. 
3) For Euro-6/IV, these are additional reductions after elimination of high-emitting vehicles. 
4) ‘Crop protection’ implies reduced ozone impacts on crop yields.  
5) The cost ranges represents regional differences in initial conditions, cost of labour, etc. 
6) Costs per equivalent CO2 emission are calculated using the GWP100 metric 

 

The potential speed of implementation of each measure 

Once a measure has been identified for a country and considered a priority, the time it takes to 
develop the appropriate policy or programme for implementation will differ. In some cases small 
changes to existing legislation may be possible, or SLCPs could be added as an additional concern to 
existing programmes in a country. In such cases the time from identification of the measure to 
implementation of the policy may be short. In other cases the time to implementation may take 
longer, if entirely new legislation needs to be developed, or where the implementation of the SLCP 
measure is dependent on other major infrastructure decisions and programmes before it can be 
implemented.  

Identify potential implementation pathway story lines for the measure 

On the basis of the inventory of policy processes, institutions, stakeholders, barriers, costs and speed 
of implementation, several stories of possible and plausible implementation pathways can be 
developed. These stories can be quantified and used to generate emission scenarios for the country, 
which will be between the reference scenario and the ‘implement all measures’ scenario. This 
process will need to consider which interventions would be most effective and where combinations 
of different policies will be needed to achieve progress (e.g., emissions regulations implemented 
together with subsidies to facilitate the implementation of measures).   

The process of developing the story lines can be pursued by undertaking forward looking scenarios, 
but a process of backtracking from a desired end-point could deliver fresh thinking and different and 
perhaps more ambitious pathways. In considering different scenarios the approach used in framing 
questions can have a profound influence on the discourse and results of a process to understand the 
options and potential for mitigation. A forecast can result in a scenario with a high likelihood for 
success, that is pragmatic and based upon current practices, an incremental modification of current 
practice. It may however lead to less ambitious outcomes. A backtrack would frame the questions 
very differently and force participants to consider options in a rather different way. This can lead to 
bolder and more ambitious programmes, but lack the reality of a forecasting approach. Therefore, if 
both approaches are used, it can lead to a fuller consideration of the different options.   

Ease of Implementation 

In some cases emission reductions could be delivered relatively simply and on a large scale.   This is 
generally the case for emission reduction measures in large-scale integrated industries (e.g., control 
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of flaring and methane emissions in the oil and gas sector), because of their tight top-down 
command and control structures, and the concentration of activity in a few companies. By contrast 
implementing change in the domestic sector, for instance cookstove programmes, can necessarily be 
a slower and more incremental process because of the cultural issues involved and very large 
number of individual actors involved. 

Potential for early Action 

There is variability in the readiness for early action. There are for instance measures where there is 
the opportunity for early implementation because much preparatory work has already been 
undertaken. By contrast there are some measures where early implementation on any substantial 
scale appears difficult because of the need for continuing research and development – for instance 
methane emissions from enteric fermentation in livestock.  In other cases the chances of early action 
are clearly much reduced by the structure of the industry: this may for instance be because of the 
underlying economics (the scarcity and cost of water effectively prohibiting early action on 
intermittent aeration of continuously flooded rice-paddies); or rigidities in the industry such as the 
capacity of vested interests to resist change (e.g., the road haulage industry and scrappage of high-
emitting vehicles). With regard to introducing measures as part of large infrastructure programmes, 
in some cases mitigation can be achieved by changes of practice or procedure, but in most cases it is 
likely that mitigation will have to be achieved incrementally as new infrastructure programmes are 
agreed.  The important issue therefore is to ensure that new investments do not go ahead without 
appropriate cost-effective emission reduction measures incorporated in them. However that means 
that the rate of progress in methane mitigation will then be driven by the priority accorded to 
investment in the sector, although the co-benefits from methane reduction may allow it to make the 
case for higher priority in public investment.      

Setting national priorities  

There are many different ways by which priorities may be set regarding action on SLCPs in any 
country. This will be informed by the implementation plans developed in the light of knowledge 
about the measures and how they might be implemented in a country. There will also be other 
criteria that can be used to develop priorities for action. Several of the SNAP pilot countries used the 
following criteria:  

Impact of measure: the potential of a measure to reduce emissions and bring about benefits. 

Co-benefits: this could be in terms of achieving progress to goals other than SLCPs, and benefits not 
easily quantifiable, including creating new jobs and industries, allowing women to work and develop 
income, rather than gather woodfuel, fewer absences from school due to respiratory causes of ill-
health etc.  

Time to introduction: this criterion summarises the potential time required to implement the 
measure, from the point at which there is a policy decision to make the measure a priority, to the 
point at which the measure is implemented and reducing emissions.  

Time to significant benefits: Once a policy has been enacted, it will still take time for the emission 
reductions to materialise. For example, new vehicle standards may be decided upon, but stock 
turnover rates will determine how rapidly emissions will reduce. This can of course be affected by 
further policies, such as scrappage schemes for old vehicles, and financing to encourage purchasing 
of new vehicles.  

Technical effectiveness of the measure: This refers to how effective the measure will be in reducing 
emissions. Introduction of emission standards for new vehicles will deliver lower emissions; 
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measures to promote different behaviour, might not deliver expected benefits, as transport model 
shift does not always follow policy development as planned.  

Implementation Effectiveness: This refers to the difficulty of ensuring that the measure delivers 
emission reductions in practice. Better fuel quality will reduce emissions, but if there is fuel 
adulteration, this will counteract the improvement. And issues such as corruption might mean that 
policies do not deliver as planned – vehicle testing may not deliver the expected reductions if 
corruption occurs. This also needs to overcome barriers that could hinder implementation, such as 
lack of political will.  Ease of implementation and identifying potential for early action also need to 
be considered.  

Costs: This reflects roughly the total costs to implement the measure, divided according to costs to 
the users, to businesses and to the government. If costs are not analysed the qualitative judgment 
can be undertaken as a first step. A more detailed costs and benefits analysis would be valuable for 
each of the measures before the implementation of the action plan. 

Combining perspectives to develop an overall prioritisation of measures 

Clearly the issues discussed above are all important to develop priorities for national action to 
reduce SLCPs. Combining this can be done in different ways. In Bangladesh, a qualitative assessment 
of the major issues were made and then combined through expert judgement and consultation with 
sector experts (see Table 7). In Colombia, a more formal multi-variate analysis was used.  

Table 7 Part of table for Bangladesh showing process of qualitative assessment of overall priorities 
based on assessment of key factors.  

 

Stakeholder feedback concerning measures and climate/ air quality benefits 

Stakeholder feedback is particularly important at the stage where the data for emissions for 
historical and future years have been estimated, and the key measures that are relevant for each 
country have been identified, and the benefits of fully implementing all measures have been 
calculated. Further stakeholder consultation is required to develop national priorities and to 
understand the issues that are faced when implementing measures. In the pilot phase, some 
countries held three stakeholder workshops (initiation, mid-point and review of the planning 
document) and in others the consultation was developed as a one-to-one discussion about specific 
parts of the plan where the stakeholders had specific expertise or responsibility for areas where 
SLCPs could be integrated into their planning.  

Developing the ‘national planning’ document  

The assessment of emissions, benefits, implementation and priorities described in this guidance 
document can be usefully put together in a national SLCP planning report as a first step in a process 
of promoting action on SLCPs in any country. SLCPs represent a new framing and the document 
produced needs to outline how this can be taken forward. In some cases concrete recommendations 
can be made – to add arguments as to why certain on-going programmes and policies are important 
in addition to their planned impact, they are also an important part of the action required to address 
SLCPs. In other cases, it can suggest small modifications to current policies and programmes that 
would integrate SLCPs into current policies and programmes. In yet other cases, it may not be 
possible with current knowledge to know what the best course of action may be and, in such cases, 
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the action proposed could be to develop the knowledge required to be able to identify the most 
important strategies that would reduce emissions from significant sources giving rise to SLCPs in any 
country. Clearly the planning document is only one step in the process of addressing SLCPs 
comprehensively in any country but is an important step and enables all of the key information to be 
assessed in one place. Guidance for producing this document is included in Annex 4.  STEP 6: 
Opportunities to Mainstream SLCPs into National Planning and Monitor Progress in Reducing 
Emissions. 

In each country the pathways by which priority actions are implemented will differ. It will be 
important to outline the main steps by which the results of the national planning exercise, as 
documented in the national SLCP plan, are acted upon and real emission reductions, which would 
not have occurred in the absence of further action, are achieved. This means placing the plan at the 
heart of government and securing high-level buy-in. It also means that the SLCP issue and the 
measures need to be mainstreamed within the plans of key ministries or departments.   

The information gathered in the action plan can then be used to develop priorities for action, together 
with details of who will take this forward and with a timeline for implementation. This can include 
actions that will lead to immediate implementation of some measures and early action to reduce 
emissions. It can also identify gaps in knowledge, data and capacity, which can be addressed by other 
actions.  It is important to consider how the national plans will be disseminated, promoted and 
implemented. 

Mainstreaming SLCPs in national processes and structures 

 Who will finance action? Using what mechanism? What investment can the country 
contribute? How much would be required externally?  

 How will sustainability of the process be ensured? 

 Who will coordinate the national oversight of SLCPs 

Monitoring and evaluation of progress 

A process for monitoring and evaluating progress towards achievement of the national action 
planning is required to assess how the strategy is progressing. It is necessary to monitor that actions 
have taken place, especially if they are outside of the direct control of those who have the mandate 
to focus on SLCPs. The action plan needs to make sure that the progress and focus on SLCPs 
continues and allows mid-course corrections to be undertaken. The evaluation will enable 
assessment of whether countries have achieved what they set out to do. The monitoring and 
evaluation process needs to be outlined as part of the national action planning. 

 What monitoring and evaluation system for the SLCPs needs to be developed?  
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Annex 1: SLCP national planning Toolkit: LEAP-IBC and BenMAP 

An SLCP national planning toolkit has been designed to assess recent and likely future emissions of 
SLCPs (and co-emitted pollutants) and their impacts on human health, crop yields and radiative forcing 
(and warming). The tools can also be used to compare the likely benefits of implementing alternative 
SLCP control strategies and so enable policy makers to identify the most promising measures for 
action. The first version of the toolkit was developed during the pilot phase of SNAP and was used by 
the Pilot countries (Bangladesh, Ghana, Colombia and Mexico). This is made up of the following 
components: 

- LEAP-IBC tool: an emissions calculations part (based upon the SEI LEAP tool – see 
http://www.energycommunity.org/) which can also generate emission scenarios in 
incorporates an Integrated Benefits Calculator which can show the benefits for health, crop 
yield and climate (See Figure A1);  

- BenMAP – a tool developed and supplied by US EPA which can estimate health benefits in 
cases where there is either monitored or modelled PM2.5 and ozone concentration data (see 
https://www.epa.gov/benmap).  

Figure A1 The outline of the LEAP-IBC – the tool that has been developed for use in the national planning  

Estimate Emissions (historical and scenarios) using LEAP  

 
 
 

Integrated Benefits Calculator 

Tree Structure:    Sector----- Fuel ------ technology 

Input data for emissions:  Emission factors (EF) 
   Activity data (Activity) 

Input data for scenarios: GDP change 
   Population change  
   Change in technology over time 

Relationship between drivers, sector 

Calculations 
Emission =  EF * Activity 
Scenario =  EF (New tech and fuel 

mix) * Sector size 
(f(population; GDP etc.))  

 

Outputs  
Emissions (BC, CH4, OC, NMVOC, CO, NOX, SOX, 
CO2, other PM2.5, NHX) for historical year(s) 

Baseline/reference emissions for 2030 & 2050  

Emissions from ‘implement all measures’  

Emissions from 1-3 ‘implementation scenarios’ 

Charts comparing emissions of different 
substances from different sources  

Gridding emissions 
Using population; 
roads; urban areas; 
point source location 
etc. 

Emissions by chosen grid size  
Maps of emissions 

Emissions 

2010     2030/50  2030/50 
 (Ref.)     (Measures) 

BC 
OC 
CH4 
NMVOC 
CO 
NOX 
SOX 
CO2 
NHX 
 

Health 
calculation 

GEOS-ChemAdjoint Model 
Results for Country A 

PM2.5 and O3 population 
weighted concentrations by 
country 

O3 crop-distribution weighted 
daylight concentrations over 
growing season by country 

Crop yield 
loss 
calculation 

Radiative 
forcing 
change 

Premature 
deaths  

Yield loss of 
wheat, rice, 
maize, soy 

Global 
temperature 
change 

LEAP-IBC Toolkit 
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LEAP-IBC is an emissions estimation and scenario tool which is a specific application based on SEI’s 
LEAP (Long-range Energy Alternatives Planning) system that enables a country to compile national 
inventories of anthropogenic emissions of black carbon, methane, the precursors of ozone (CO, NOx, 
NMVOC and CH4) and other co-emitted pollutants involved in the formation of particulate matter or 
that have radiative forcing properties. As well as estimating the emissions for historical years, the 
LEAP-IBC tool also enables the construction of future emissions scenarios based on growth in GDP, 
population, etc., to develop a ‘reference’ scenario (i.e., emissions anticipated under the influence of 
the main driving forces including existing/ planned legislation and their likely progression). It can also 
develop scenarios that can explore the impact on future emissions of implementing one or more SLCP 
control measures.  

Emissions from the country (from LEAP) and also from the rest of the world (from GAINS) are provided 
as totals in 2 x 2.5 degree grids are linked with the results of a global composition and climate model 
– the GEOS-Chem Adjoint model - to show the changes in the concentrations of key substances over 
a country required to estimate benefits and also to estimate radiative forcing globally. By multiplying 
gridded emissions by a series of coefficients which have been derived from the GEOS-Chem Adjoint 
Model (run by Daven Henze at the University of Colorado), population or crop yield weighted 
concentrations for different pollutants can be derived for a country and the impacts estimated by 
linking the concentrations with relevant concentration-response relationships. The Adjoint modelling 
derives relationships between the results of GEOS-Chem model runs to provide a relationship 
between the emission and the concentration of the pollutant in a target region, which can be a country 
or city. It provides an easy and rapid way to link emissions to concentrations and hence to impacts. 
When multiplied by the gridded emissions the coefficients give population-weighted PM2.5 and O3 
concentration for the target country that can be used for human health estimation.  

The emissions from LEAP are linked to the Integrated Benefits Calculator (IBC) that can assess the 
magnitude of different benefits that are likely to result from an implementation of SLCP mitigation 
strategies in a country. There are also default emissions for every grid in the world that are derived by 
the IIASA GAINS Model (http://gains.iiasa.ac.at/models/) which have been kindly supplied by IIASA for 
the years 2005, 2010, 2030 and 2050. The global default emissions from GAINS have been supplied 
according to two scenarios: the ‘Reference Scenario’ (i.e., ‘business as usual’ with no further mitigation 
measures beyond those already planned and assuming energy and fuel demand as projected by the 
International Energy Agency (IEA)) and an ‘SLCP Scenario’ where all 16 SLCP measures are fully 
implemented globally by 2050. The default emissions dataset is a derivation of the ECLIPSE scenarios 
further developed for the CCAC Regional Assessment of SLCPs in Latin America and the Caribbean 
(produced by IIASA in 2015). 

The impact on human health of the change in relevant emissions is then estimated from established 
PM2.5/O3 concentration-response functions. Two functions for health are provided as alternatives in 
LEAP-IBC. One is according to Krewski et al., (2009) and another is the Integrated Exposure Response 
functions (Burnett et al 2014) which provides estimates for premature mortality from strokes, 
ischaemic heart disease, lung cancer and respiratory disease (COPD), as well as due to Acute Lower 
Respiratory Infections (ALRI) in children (see Annex 3). Thus the Benefits tool estimates the number 
of premature deaths (burden) in the target country due to PM2.5 and O3 exposure resulting from the 
global emissions. The benefits assessment tool can thus enable emission scenarios to be compared to 
determine the health benefit (in terms of premature deaths avoided) that would accrue from 
implementation of different SLCP control measures. 

Other coefficients generated by the Adjoint model enable an assessment of ozone impacts on four 
crops (rice, wheat, maize and soybean) as well as global climate impacts (temperature change due to 
changes in radiative forcing) of the emissions scenarios produced from LEAP-IBC tool. This toolkit is 
designed to assist the experts developing national plans to identify priorities for action to control 
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SLCPs. Training can be provided by SNAP to use this toolkit to help develop the national planning. 
Anyone interested in BenMAP can contact US EPA (https://www.epa.gov/benmap).  
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Annex 2: Data requirements from participating countries to develop 
an emission inventory using LEAP-IBC 

In order for the participating pilot countries to be able to use the LEAP-IBC tool, certain data inputs 
are required for the emissions scenario modelling to be performed. In the interests of efficiency, it 
would be helpful if the pilot study countries could start now to acquire the local information and 
data required as input to the toolkit.  

The CCAC SNAP project will concentrate on the effect of implementing the SLCP measures,  and so 
ensuring that the SLCP-related data are as comprehensive and up-to-date as possible is a priority in 
the current phase of the SNAP project – the data required for this are shown in Part 1 of this note.  

However, in order to look at the full impact of emission scenarios – we would also like to improve 
the overall inventory of GHG and air pollutant emissions for each country. SEI will provide initial data 
from international sources where these are available and add them to the LEAP-IBC template for 
each SNAP country, but if time allows and there is interest, data from national sources would also be 
great to upgrade -  the additional data needed to carry this out are explained in Part 2 of this note. 
(Note – this is optional at this stage, the priority is to collect the data described in Part 1). 

Part 1 - high priority data requirements relevant to the SLCP measures: 

1. Brick kilns: What was the fuel use by fuel type (e.g., kilotonnes coal burnt per year) and 

technology (traditional, VSBK, Hoffman kiln, Zig-zag kiln etc.) for 2010? Also production rate 

of bricks, by technology/fuel type.  

2. Coke production technology split: What proportion of total production is from ‘traditional’ 

coke ovens versus ‘modern recovery’ ovens?  

3. Oil production data: (i) Number of wells drilled per year? (ii) How much crude oil is loaded 

onto (a) marine vessels or (b) rail tank cars/tank trucks (kt/yr)? (iii) How much is transported 

in pipelines (kt/yr)? (iv) How much is transported in marine tankers (kt/yr)? (v) How much oil 

production is onshore and how much is offshore. (vi) Annual volume of gas flared (1000s 

cubic metres (m3)) 

4. Methane from coal mining: What is the coal production split between surface and deep coal 

mines? Was any methane recovered in 2010 - if so, how much (t/yr)?  

5. Road transport: By fuel type and vehicle category, what are (A) the number of vehicles; (B) 

the annual average distance travelled (km/yr) and (C) the % distance travelled on unpaved 

roads (see Annex 1 for detailed list of vehicle categories by Euro standard).  

6. Residential (domestic) biomass fuel consumption: (i) What are the main types of residential 

biomass stoves used, and (ii) What are the annual amounts (kt) of wood, crop residues, 

animal dung, charcoal etc. burnt as fuel in each type? 

7. Crop residue open-burning: For each type of crop grown, what percentage of the crop waste 

residues is typically burnt in the field?  The crop types are: Rice, Wheat, Millet, Soya, Maize, 

Potatoes, Jute, Cotton (Seed cotton), Groundnut, Sugarcane, Rapeseed and mustard, Others 

(please specify). (A default of 25% of waste crop residue burned in the field will be assumed 
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if no data are provided. Default crop production data will be taken from FAOSTAT unless 

local production data are also supplied.) 

8. Rice cultivation (methane emissions): (a) For total rice cultivation in 2010, what was the % 

shares of ‘rain-fed and deepwater’5, ‘irrigated’6 and ‘upland’7 (hill) rice paddy. For the 

irrigated rice paddy, what proportion was ‘intermittent aeration’8 rather than ‘continuously 

flooded’9? (b) Also, what was average rate (tonnes/ha) and type of organic amendment 

(straw10, compost, farmyard manure or green manure) applied to ‘rainfed and deepwater’ 

and ‘irrigated’ rice cultivation? 

9. Solid waste incineration by ‘open burning’: In 2010, how much municipal solid waste 

(MSW) (kt/yr) was disposed of by open-burning (e.g. in back-yards, streets or waste dumps)?  

10. Municipal solid waste (MSW) in landfill (methane emissions): What was the amount (kt/yr) 

of methane (CH4) recovered from landfill in 2010? (Also, if known, what was the population 

whose waste was collected, the per capita MSW generation rate and the fraction of MSW 

sent to solid waste disposal sites?  Defaults can be used in the model if this information is 

lacking.)  

11. Domestic wastewater treatment and discharge (methane emissions): (a) What is the 

population income group split (either as % or proportion) between Rural, Urban high income 

and Urban low income for 2010)? (b) Also, for each income group, what was the share 

represented by each treatment system (see Table 2)?  

 

 

 

 

 

 

 

 

 

                                                           
5 Rainfed and deep water: Fields are flooded for a significant period of time and water regime depends solely 
on precipitation 
6 Irrigated: Fields are flooded for a significant period of time and water regime is fully controlled. 
7 Upland: Fields are never flooded for a significant period of time.  
8 Intermittently aerated: Fields have at least one aeration period of more than 3 days during the cropping 
season 
9 Continuously flooded: Fields have standing water throughout the rice growing season and may only dry out 
for harvest (end-season drainage).          
10 'Straw application' means that straw is incorporated into the soil, it does not include straw just placed on the 
soil surface or straw burnt on the field. 
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Table 2 The wastewater treatment split by population income group required for methane emissions 
estimation in the emissions module of the toolkit. 

 

 

Part 2 (optional – lower priority) Data requirements for compiling a more accurate, complete 
national emission inventory. 

In most cases, the default emission factors11  contained in the model will be adequate (although 
they could be replaced by national emission factors if available). However, for some pollutants such 
as SO2, the sulphur (S) content of the fuel determines the emission factor and so national 
information on this aspect of fuel quality is required for more accurate emissions estimates.  Often, 
the default EFs given in the toolkit are ‘uncontrolled’ and so, for certain sectors, information on the 
types and ‘penetration rates’ of emission control technologies in that country will be needed. For 
example, power stations may be fitted with flue-gas desulphurization (FGD) devices to control S 
emissions or low-NOx burners to reduce NOx emissions.  

In addition to emission factors, data on the relevant activity rates12 are needed to be able to 
calculate more accurate emissions. Where data from international sources are available (e.g. the 
International Energy Agency (IEA) Statistics, or agricultural data from FAOSTAT), these will already be 
included in the model (although they could be replaced by local data if preferred).  

1. What are the sulphur contents (%S) of fuel used in the country? (i) Coal by type (e.g., 

bituminous coal, lignite) and, if it varies, by sector (e.g. electricity power stations, industry 

                                                           
11 An emission factor (EF) is the rate of emission of a pollutant per unit of activity e.g. in a power station - kg 
NOX per tonne coal burnt 
12 The activity rate is some measure of the annual level of the relevant activity e.g.  in power stations -  
kilotonnes (kt) coal burnt per year  

Fraction of 

population in 

income group 
1

Utilization of 

treatment split 

within income 

group

Latrine 

0.00 Septic tank

0.00
Anaerobic reactor or 

deep lagoon

0.00 Aerobic treatment plant

0.00
Untreated (Sea, river or 

lake discharge)

Latrine 

0.00 Septic tank

0.00
Anaerobic reactor or 

deep lagoon

0.00 Aerobic treatment plant

0.00
Untreated (Sea, river or 

lake discharge)

Latrine 

0.00 Septic tank

0.00
Anaerobic reactor or 

deep lagoon

0.00 Aerobic treatment plant

0.00
Untreated (Sea, river or 

lake discharge)

Rural

Urban high 

income

Urban low income

(fraction 0-1.0; 

total within income 

group must equal 

1.0)

(fraction 0-1.0; 

total for all 3 

income groups 

must = 1.0)

Type of treatment 

systemIncome group
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etc.): typical range 0.5% – 3%. (ii) Gas/diesel oil: typical range 0.3% – 1%. (iii) Heavy fuel oil 

(HFO) also known as Residual fuel oil (RFO): typical range 1 – 4%. (iv) Motor gasoline: (IPCC 

default of 0.1% will used if no information provided)  

2.  Electricity Power Stations (SO2 emissions): Do any power stations have sulphur dioxide 

(SO2) emission controls? If yes, for each type of fuel (hard coal, lignite or heavy fuel oil (HFO), 

the % fuel use subject to each type of control (e.g., flue-gas desulphurization (FGD), 

Atmospheric Fluidized Bed Combustion (AFBC), Furnace injection) will be required for 2010. 

(By default, zero SO2 emission control will be assumed.) 

3. Solid fuel use in cement production: What was the consumption of hard coal, lignite or 

petroleum coke (kt/yr) used for cement production in 2010? (This is needed to account for 

the ~80% of sulphur in the solid fuel that gets absorbed into the cement.) 

4. Emission controls for NOx in Electricity Power Generation and in Industry: For a each fuel 

type (hard coal, lignite, natural gas, crude oil, gas/diesel oil or HFO), what was the % fuel use 

in that sector (i.e. Power or Industry) that was subject to each type of control (see Table 3 

for list of technologies) in 2010? (By default, zero NOx emission control will be assumed.) 

5. Electricity Power Stations (PM emissions): What was the ash content (%) of coal or 

petroleum coke used? (If unknown, a default of 10% will be assumed). 

6. Emission controls for particulate matter (PM) in Electricity Power Generation and in 

Industry:  For a particular fuel type, what was the % fuel use in that sector (i.e. Power or 

Industry) subject to each type of PM control technology type (e.g. Multiple Cyclone, 

Scrubber, Electrostatic Precipitator (ESP) or Baghouse (fabric filtration in "baghouses") 

systems) in 2010? (If the exact type of PM control technology is unknown, a default control 

rate will be assumed. If no data provided, zero PM emission control will be assumed.) 

 

Table 3 Representative NOx emission control reductions for power stations and industrial boilers. 

 

 
Technology 

Representative NOx 
reduction (%) 

 
Low Excess Air (LEA) 

 
15 

Overfire Air (OFA) - Coal 25 
OFA - Gas  40 
OFA - Oil 30 
Low NOx Burner (LNB) - Coal  45 
LNB - Tangentially Fired 35 
LNB - Oil 35 
LNB - Gas  50 
LNB with OFA - coal 50 
Cyclone Combustion Modification (in power stations)  40 
Flue Gas Recirculation (in industrial boilers) 40 
Ammonia Injection  60 
Selective Catalytic Reduction (SCR) - Coal 80 
SCR - Oil 80 
SCR - Gas 80 
Water Injection - Gas Turbine Simple Cycle 70 
SCR - Gas Turbine 80 
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7. Chemicals production: What was annual production (tonnes /yr) in 2010 of: Nitric acid, 

Sulphuric acid, Adipic acid, Carbon black and Titanium dioxide? 

8. Cement production and Lime production: What were the types of particulate matter (dust) 

controls typically used - if any (e.g. electrostatic precipitator, fabric filter) in 2010? 

9. Metals production – sulphur recovery: What were the average levels of sulphur removal (% 

S recovered) during the smelting of (i) copper, (ii) lead (primary), (iii) lead (secondary) and 

(iv) zinc in 2010? 

10. Solvent and other product use (NMVOC emissions). What were the levels of consumption 

(or chemical products manufacture) in 2010 of the NMVOC emitting substances/processes 

listed in Table 4. Also what were the average levels of solvent recovery (if any) for metal 

degreasing and dry cleaning of fabrics? 

 

Table 4 Activity data requirements for solvent and other product use 

 

 

Units for 

Process activity rate

Paint application (solvent based)

Industrial tonnes paint sold

Decorative tonnes paint sold

Unknown tonnes paint sold

Paint application (water based) tonnes paint sold

Metal degreasing tonnes solvent consumed

Dry cleaning of fabrics tonnes solvent consumed

Chemical products manufacture:

Polyester processing tonnes of monomer

Polyvinylchloride tonnes product

Polyurethane tonnes foam processed

Polystyrene foam tonnes product

Rubber processing tonnes product

Paints, varnish, inks and glues tonnes product

Other use of solvents:

Mineral wool enduction tonnes product

Glass wool enduction tonnes product

Printing industry

Heat set offset tonnes ink consumed

Publication gravure tonnes ink consumed

Packaging (small flexography) tonnes ink consumed

Fat, edible and non-edible oil (solvent extraction) tonnes seed

Application of glue and adhesives tonnes product used
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Annex 1

 

Mobile emissions from on-road vehicles (Detailed method).

Vehicle class 

Fuel

(For definition of EMEP/EEA vehicled 

classes see Table 2.1 at bottom of this 

worksheet) Default* Default* Default* Default* Default* Default*
 l

Default
 m

Default 
n

Default
 o

Default
 o

Gasoline Passenger cars (Uncontrolled) 
a

2.09
a

18.9
a

2.41
a

0.10
a

0.0029
a

0.0029
a

126 19 2 37.7

Gasoline Passenger cars (Moderate control) 
d

1.29 6.49 0.29 0.002 0.0022 0.0022 126 19 30 1.79

Gasoline Passenger cars (Euro I) 
e

0.53 3.92 0.53 0.0922 0.0022 0.0022 126 19 25 1.92

Gasoline Passenger cars (Euro 2) 
e

0.255 2.04 0.251 0.1043 0.0022 0.0022 126 19 25 1.92

Gasoline Passenger cars (Euro 3) 
e

0.119 1.82 0.119 0.0342 0.0011 0.0011 126 19 15 2.31

Gasoline Passenger cars (Euro 4) 
e

0.065 0.62 0.065 0.0342 0.0011 0.0011 126 19 15 2.31

Gasoline Passenger cars (Euro 5) 
e

0.065 0.62 0.065 0.0123 0.0014 0.0014 126 19 15 2.31

Gasoline Passenger cars (Euro 6) 
e

0.065 0.62 0.065 0.0123 0.0014 0.0014 126 19 15 2.31

Gasoline Light-commercial vehicles (Conventional) 
i

3.09 25.5 3.44 0.0025 0.0023 0.0023 225 34 30 1.79

Gasoline Light-commercial vehicles (Euro 1) i 0.563 8.82 0.614 0.0758 0.0023 0.0023 225 34 25 1.92

Gasoline Light-commercial vehicles (Euro 2) i 0.23 5.89 0.304 0.091 0.0023 0.0023 225 34 25 1.92

Gasoline Light-commercial vehicles (Euro 3) i 0.129 5.05 0.189 0.0302 0.0011 0.0011 225 34 15 2.31

Gasoline Light-commercial vehicles (Euro 4) i 0.064 2.01 0.128 0.0302 0.0011 0.0011 225 34 15 2.31

Gasoline Light-commercial vehicles (Euro 5) i 0.064 1.30 0.096 0.0123 0.0014 0.0014 225 34 15 2.31

Gasoline Light-commercial vehicles (Euro 6) i 0.064 1.30 0.096 0.0123 0.0012 0.0012 225 34 15 2.31

Gasoline Heavy duty (Conventional) 
c

6.6 59.5 5.25 0.0019 0.0023 0.0023 450 68 30 
H

1.79
 H

Gasoline Motorcycles  (2-stroke) (Uncontrolled)
a

0.375
a

23.2
a

12.8
a

0.0023
a

0.21
a

0.21
a

36 5 10 6.90

Gasoline Motorcycles  (2-stroke) (Moderate control) 
f 

0.067 24.3 9.97 0.0019 0.16 0.16 36 5 10 6.90

Gasoline Motorcycles  (2-stroke) (Mot-Euro 1) 0.028 16.3 5.82 0.0019 0.064 0.064 36 5 20 3.08

Gasoline Motorcycles  (2-stroke) (Mot-Euro 2) 0.104 11.2 1.84 0.0019 0.032 0.032 36 5 20 3.08

Gasoline Motorcycles  (2-stroke) (Mot-Euro 3) 0.280 2.73 0.806 0.0019 0.0096 0.0096 36 5 20 3.08

Gasoline Motorcycles (4-stroke) (Uncontrolled)
a

0.375
a

23.2
a

12.8
a

0.0023
a

0.21
a

0.21
a

36 5 15 4.30

Gasoline Motorcycles (4-stroke) (Moderate control) 
g

0.233 25.7 1.68 0.0019 0.014 0.014 36 5 15 4.30

Gasoline Motorcycles  (4-stroke) (Mot-Euro 1) 0.477 13.8 1.19 0.0019 0.014 0.014 36 5 25 2.31

Gasoline Motorcycles  (4-stroke) (Mot-Euro 2) 0.317 7.17 0.918 0.0019 0.0035 0.0035 36 5 25 2.31

Gasoline Motorcycles  (4-stroke) (Mot-Euro 3) 0.194 3.03 0.541 0.0019 0.0035 0.0035 36 5 25 1.92

Gasoline 3-Wheelers (2-stroke) (uncontrolled) 0.375
b

23.2
b

12.8
b

0.0023
b

0.21
b

0.21
b

90 14 10 6.90

Gasoline 3-Wheelers (2-stroke) (Medium control) 0.30
 A

3.15
 A

6.04
 A

0.0023
a

0.11
A

0.11
A

90 14 10 6.90

Gasoline 3-Wheelers (2-stroke) (Bharat 1 = Euro 1) 0.20 
B

1.37 
B

2.53 
B

0.0023
a

0.045 
B

0.045 
B

90 14 20 3.08

Gasoline 3-Wheelers (2-stroke) (Bharat 2 = Euro 2) 0.16 
C

1.15 
C

1.63 
C

0.0023
a

0.043 
C

0.043 
C

90 14 20 3.08

Gasoline 3-Wheelers (4-stroke) (Bharat 1 = Euro 1) 0.61
 B

4.47
 B

1.57
 B

0.0023
a

0.011
B

0.011
B

90 14 25 2.31

Gasoline 3-Wheelers (4-stroke) (Bharat 2 = Euro 2) 0.53
 C

2.29
 C

0.77
 C

0.0023
a

0.015 
C

0.015 
C

90 14 25 2.31

Gasoline Total for gasoline

Diesel 3-Wheelers (Moderate control) 0.93
 A

9.16
 A

0.63
 A

0.001 0.782 
A

0.782 
A

90 14 55 0.54

Diesel 3-Wheelers  (Bharat 1 = Euro 1) 0.69 
B

2.09 
B

0.16 
B

0.001 0.347 
B

0.347 
B

90 14 70 0.31

Diesel 3-Wheelers (Bharat 2 = Euro 2) 0.51 
C

0.41 
C

0.14
 C

0.001 0.091 
C

0.091 
C

90 14 80 0.18

Diesel Passenger cars (Conventional) 
h

0.546 0.688 0.159 0.001 0.2209 0.2209 126 19 55 0.54

Diesel Passenger cars (Euro 1) 
h

0.690 0.414 0.047 0.001 0.0842 0.0842 126 19 70 0.31

Diesel Passenger cars (Euro 2) 
h

0.716 0.296 0.035 0.001 0.0548 0.0548 126 19 80 0.18

Diesel Passenger cars (Euro 3) 
h

0.773 0.089 0.02 0.001 0.0391 0.0391 126 19 85 0.12

Diesel Passenger cars (Euro 4) 
h

0.58 0.092 0.014 0.001 0.0314 0.0314 126 19 87 0.1

Diesel Passenger cars (Euro 5) 
h

0.61 0.04 0.008 0.0019 0.0021 0.0021 126 19 10 3.85

Diesel Passenger cars (Euro 6) 
h

0.21 0.049 0.008 0.0019 0.0015 0.0015 126 19 20 1.54

Diesel Light-commercial vehicles (Conventional) i 1.66 1.34 0.133 0.0012 0.356 0.356 225 34 55 0.54

Diesel Light-commercial vehicles (Euro 1) i 1.22 0.577 0.141 0.0012 0.117 0.117 225 34 70 0.31

Diesel Light-commercial vehicles (Euro 2) i 1.22 0.577 0.149 0.0012 0.117 0.117 225 34 80 0.18

Diesel Light-commercial vehicles (Euro 3) i 1.03 0.473 0.094 0.0012 0.0783 0.0783 225 34 85 0.12

Diesel Light-commercial vehicles (Euro 4) i 0.831 0.375 0.035 0.0012 0.0409 0.0409 225 34 87 0.1

Diesel Light-commercial vehicles (Euro 5) i 0.622 0.075 0.035 0.0019 0.001 0.001 225 34 10 3.85

Diesel Light-commercial vehicles (Euro 6) i 0.221 0.075 0.035 0.0019 0.0009 0.0009 225 34 20 1.54

Diesel Heavy-duty vehicles (Conventional) 
j

8.92 2.13 0.776 0.0029 0.333 0.333 450 68 50 0.154

Diesel Heavy-duty vehicles (HD Euro I) 
j

5.31 1.020 0.326 0.0029 0.129 0.129 450 68 65 0.154

Diesel Heavy-duty vehicles (HD Euro II) 
j

5.5 0.902 0.207 0.0029 0.061 0.061 450 68 65 0.154

Diesel Heavy-duty vehicles (HD Euro III) 
j

4.3 0.972 0.189 0.0029 0.0566 0.0566 450 68 70 0.154

Diesel Heavy-duty vehicles (HD Euro IV) 
j

2.65 0.071 0.008 0.0029 0.0106 0.0106 450 68 75 0.154

Diesel Heavy-duty vehicles (HD Euro V) 
j

1.51 0.071 0.008 0.011 0.0106 0.0106 450 68 75 0.154

Diesel Heavy-duty vehicles (HD Euro VI) 
j

0.291 0.071 0.008 0.011 0.0005 0.0005 450 68 15 2.31

Diesel Urban Buses (Conventional) 
j

16.5 5.710 1.990 0.0029 0.909 0.909 450 68 50 0.154

Diesel Urban buses (HD Euro I) 
k

10.1 2.710 0.706 0.0029 0.479 0.479 450 68 65 0.154

Diesel Urban buses (HD Euro II) 
k

10.7 2.440 0.463 0.0029 0.22 0.22 450 68 65 0.154

Diesel Urban buses (HD Euro III) 
k

9.38 2.670 0.409 0.0029 0.207 0.207 450 68 70 0.154

Diesel Urban buses (HD Euro IV) 
k

5.42 0.223 0.220 0.0029 0.0462 0.0462 450 68 75 0.154

Diesel Urban buses (HD Euro V) 
k

3.09 0.223 0.220 0.0029 0.0462 0.0462 450 68 75 0.154

Diesel Urban buses (HD Euro VI) 
k

0.597 0.223 0.220 0.0029 0.0023 0.0023 450 68 15 0.231

NOX 

emission 

CO 

emission NMVOC  

NH3 

emission 

Exhaust 

PM10 

emission 

factor 

(g/km) 

BC emission 

factor                    

(% of PM2.5)

OC emission 

factor                    

(OC/BC ratio)

factor 

(g/km)

factor 

(g/km)

emission 

factor 

(g/km)

factor 

(g/km)

 (Assume 

= PM10 

emission 

factors)

Exhaust 

PM2.5 

emission 

factor 

(g/km) 

 Unpaved 

road dust 

(PM10) 

emission 

factor in dry 

weather 

(g/km)

Unpaved 

road 

(PM2.5) 

emissions 

factor 

(g/km)
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CNG 3-wheeler (Bharat 1 = Euro 1) 0.50 
B

1.00 
B

0.26 
B

0.034 0.015 
B

0.015 
B

90 14

CNG 3-wheeler Retrofit (Bharat 1 = Euro 1) 0.19 
B

0.69 
B

2.06 
B

0.034 0.118 
B

0.118 
B

90 14

CNG Passenger car retrofit (moderate control) 0.53 
A

0.85 
A

0.79 
A

0.034 0.001 
A

0.001 
A

126 19

CNG Passenger car retrofit (Bharat 1 = Euro 1) 0.01 
B

0.60 
B

0.36 
B

0.034 0.002 
B

0.002 
B

126 19

CNG Passenger car (Euro 4 and later) 0.056 0.616 0.035 0.034 0.0011 0.0011 126 19

CNG Urban Bus (HD Euro I) 16.5 8.4 0.371 n.a. 0.02 0.02 450 68

CNG Urban Bus (HD Euro II) 15 2.7 0.313 n.a. 0.01 0.01 450 68

CNG Urban Bus (HD Euro III) 10 1 0.052 n.a. 0.01 0.01 450 68

CNG Total for CNG

LPG 3-wheeler Retrofit (Moderate control)
 A

0.05 
A

7.2 
A

5.08 
A

0.002 
E

0.171 
A

0.171 
A

90 14

LPG 3-wheeler Retrofit (Bharat 1 = Euro 1) 0.04 
B

1.70 
B

1.03 
B

0.088 
E

0.130 
B

0.130 
B

90 14

LPG Passenger cars (Conventional) 2.36 6.832 1.05 0.0020 0.0022 0.0022 126 19

LPG Passenger cars (Euro 1) 0.414 3.57 0.723 0.0880 0.0022 0.0022 126 19

LPG Passenger cars (Euro 2) 0.18 2.48 0.342 0.1007 0.0022 0.0022 126 19

LPG Passenger cars (Euro 3) 0.09 1.79 0.120 0.0338 0.0011 0.0011 126 19

LPG Passenger cars (Euro 4) 0.056 0.62 0.100 0.0338 0.0011 0.0011 126 19

LPG Passenger cars (Euro 5) 0.056 0.62 0.100 0.0338 0.0011 0.0011 126 19

LPG Passenger cars (Euro 6) 0.056 0.62 0.100 0.0338 0.0011 0.0011 126 19

LPG Light-duty vehicles (Uncontrolled) 2.1 
F

8.0 
F

3.5 
F

0.002 
E

0.0022 
E

0.0022 
E

225 34

LPG Light-duty vehicles (Good control - Euro-I) 0.05 
F

0.3 
F

0.25 
F

0.088 
E

0.0022 
E

0.0022 
E

225 34

LPG Heavy-duty vehicles (Uncontrolled) 5.7 
G

24 
G

 8 
G

0.004 
E

0.0044 
E

0.0044 
E

450 68

LPG Heavy-duty vehicles (Good contro) 2.6 
G

1.0 
G

0.7 
G

0.176 
E

0.0044 
E

0.0044 
E

450 68

LPG Total for LPG

Total

a 
Uncontrolled EFs =

 
Tier 1 maximum value from EMEP/EEA (2013) converted assuming fuel economy from Table 3-14, EMEP/EEA, 2013

b
 Assume = Motorcycle 2-stroke (uncontrolled)

c 
Heavy duty vehicle, Gasoline, >3.5 t weight. 

d
  Emission factors for Gasoline passenger cars (1.4 - 2.0 L engine capacity), Open loop  technology (from EMEP/EEA (2013), Tables 3-16 and 3-17)

e
 Emission factors for Gasoline passenger cars (1.4 - 2.0 L engine capacity) from EMEP/EEA (2013) Tier 2 exhaust emission factors, Tables 3-16 and 3-17.

f
 Emission factors for 2-stroke motorcycles (>50 cm

3
), 'Conventional'  technology (from EMEP/EEA (2013), Tables 3-24 and 3-25) 

g
 Emission factors for 4-stroke motorcycles (250 - 750 cm

3
), 'Conventional'  technology (from EMEP/EEA (2013), Tables 3-24 and 3-25)

h
 Emission factors for Diesel passenger cars (1.4 - 2.0 L engine capacity) from EMEP/EEA (2013) Tier 2 exhaust emission factors, Tables 3-16 and 3-17.

i
 Emission factors for Light Commercial Vehicles (<3.5 t weight) from EMEP/EEA (2013) Tier 2 exhaust emission factors, Tables 3-18 and 3-19.
j
 Emission factors for Heavy Duty Vehicles (7.5 - 16 t weight) from EMEP/EEA (2013) Tier 2 exhaust emission factors, Tables 3-20 and 3-21
k 

Urban buses standard - vehicles used for the carriage of passengers and comprising more than eight seats in addition to the driver's seat
l 
Assume PM2.5 EF = PM10 EF

o 
EMEP/EEA (2013) Tier 3 fraction BC (%) and Organic matter (OM) to BC ratio (Table 3-114) assuming OM = 1.3xOC  

A 
ARAI (2008) value for Indian fleet 1996-2000

B 
ARAI (2008) value for Indian fleet post 2000 (Bharat 1 = Euro 1)

C 
ARAI (2008) value for Indian fleet post 2005 (Bharat 2 = Euro 2)

E 
Assume LDV = passenger car; HDV = 2 x passenger car

F 
 IPCC (1996) default  EF for US LPG passenger cars 

G 
IPCC (1996) default  EF for US LPG uncontrolled heavy duty vehicles with stoichiometric engine

H  
Assume = LCV (Conventional) 

* Emission factors are Tier 2 exhaust emission factors from EMEP/EEA (2013), Tables 3-16 to 3-25, unless otherwise indicated. 

m 
Derived from Gillies et.al. (2005) for unpaved rural roads in dry weather 

n 
Assume PM2.5  factor is 15% of PM10 factor (USEPA, 1995)
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Annex 3 Impact Assessment in the Integrated Benefits Calculator 

Health benefit estimation 

In the health field, standard methodologies have been developed to quantify the benefits of health 

of a wide range of policy measures, in both direct and economic terms, based on the concept of 

Disability Adjusted Life Years or DALYs and Years of Life Lost (YLL) or number of people subject to 

premature mortality. Evaluation such as the Global Burden of Disease apply a consistent 

methodology (e.g. WHO, 2009; IHME/GBD 2016) to assess the burden of different diseases and 

causal agents (include factors which may be co-benefits, such as reductions in outdoor and indoor 

emissions of air pollutants) across the globe. This provides a starting point for more detailed analysis 

of the effects of specific policy interventions and scenarios.   

Over the last decades a substantial body of evidence has developed demonstrating that fine 

particulates (PM2.5) in the air are associated with early death (premature mortality). More recently, 

health impacts due to exposure to ozone have also been demonstrated. BC and ozone will have 

indirect effects on human health through climate change as numerous studies have demonstrated 

that both cold and hot weather are associated with increased deaths. However, there is substantial 

heterogeneity in these health effects. In the UNEP/WMO Assessment the global burden of mortality 

due to ozone and PM2.5 from anthropogenic emissions was estimated. Due to the heterogeneity and 

uncertainty in the response to climate the Assessment did not try to quantify these effects. 

The assessment of PM impacts on health is built upon recent studies that have examined the 

relationship between changes in PM2.5 levels and changes in mortality. These have demonstrated 

that reducing PM levels prolongs lives and that these benefits occur within a few years of the 

reductions. The impact of ozone on health has been known for a long time. But the impact of ozone 

on hastening deaths and longer-term impacts of ozone exposure on mortality is more recent and 

there are now concentration-response relationships that can be used, which were used in the 

Assessment.  

In the Integrated Benefits Calculator, changes in annual deaths due to changes in outdoor air 

pollution are estimated following the method of Anenberg et al. (2010)13 using a health impact 

concentration-response function, taking into account the exposed population (Pop), baseline 

mortality rates (Yo), the concentration-response function – CRF (β) defined by the epidemiology 

literature, and the change in PM2.5 and ozone (ΔX) using the following integration method: 

Change in Deaths = Pop * Yo * (1-e- β (lin) ΔX)  

β - the concentration-response function is defined by:   β = ln (RR)/ ΔX 

where RR is the relative risk for a. cardiopulmonary mortality from PM2.5 (RR=1.128; from Krewski et 

al., 200914 ) b. lung cancer mortality from PM2.5(RR=1.142; from Krewski et al., 2009) and, c. 

                                                           
13 Anenberg, S. C., Horowitz, L. W., Tong, D. Q., & West, J. J. (2010). An estimate of the global burden of 
anthropogenic ozone and fine particulate matter on premature human mortality using atmospheric modeling. 
Environmental Health Perspectives, 118(9), 1189–95. doi:10.1289/ehp.0901220 
14 Krewski, D., Jerrett, M., Burnett, R. T., Ma, R., Hughes, E., Shi, Y., … Tempalski, B. (2009). Extended follow-up 
and spatial analysis of the American Cancer Society study linking particulate air pollution and mortality. 
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mortality from respiratory disease related to ozone (RR=1.04; from Jerrett et al., 200915). An 

alternative source for risk assessment is the Integrated Exposure Response relationship (Burnett et 

al. 2014) used both by the most recent Global Burden of Disease study (Brouwer et al., 2015) and by 

the WHO (WHO, 2009).  The population considered by Krewski is that proportion over the age of 30, 

as this is the age group for which the concentration-response relationships have been developed.  

The Integrated Benefits Calculator derives the average population-weighted PM2.5 and surface ozone 

concentrations (ΔX) over the target country by multiplying emissions from every 2 x 2.5 degree grid 

cells covering the entire globe, by population-weighted coefficients derived from the GEOS-Chem 

Adjoint model. The calculator comes pre-loaded with the country-specific coefficients as well as 

default global emissions datasets for the base year 2005 and the scenario year 2030, derived from 

IIASA (The International Institute for Applied Systems Analysis) and subsequently gap-filled and 

gridded by the EDGAR team of JRC-IES (European Commission’s Joint Research Centre - Institute for 

Environment and Sustainability). The default emissions for the grid cells covering the target country 

are then replaced with user-calculated national emissions data taken from LEAP-IBC. This means it is 

possible to separate out health impacts due to emissions from the country itself as well as those 

from the rest of the world. 

Currently, the user is required to input into the Integrated Benefits Calculator, the emissions for the 

country taken from LEAP-IBC, for the historical year(s), the reference scenario and the 

implementation scenarios, as well as data on current and projected population.  The calculator will 

be pre-loaded with default data on baseline mortality rates, the proportion of population aged over 

30 (for historical year(s) and scenario year) and Relative Risk (RR) of different health outcomes, 

However, the user can choose to replace these defaults if there is better or more specific 

information for a particular country. IBC will then calculate the annual premature death burden for 

the historical (base) year, the reference scenario emissions and for the various implementation 

scenarios. The benefit of implementing a particular measure, or set of measures, is derived by 

subtracting the number of premature deaths in the implementation scenario from the ‘reference’ 

scenario.  

Crop benefit estimation 

The experimental campaigns conducted in North America (NCLAN) and Europe (EOTC) were 

instrumental in providing empirical data describing yield and growth responses for a range of crop 

species that could be used to define O3 response metrics and associated concentration-response 

relationships. The resulting concentration-response relationships developed during these pan-

regional experimental campaigns have used different metrics to characterise O3 exposure. These 

metrics include mean 3-month growing season indices – the ‘M7’ and ‘M12’ indices; where the 7 or 

12 refers to the daylight hourly averaging period.  

                                                           
Research Report (Health Effects Institute), (140), 5–114; discussion 115–36. Retrieved from 
http://www.ncbi.nlm.nih.gov/pubmed/19627030 
 
15 Jerrett, M., Burnett, R., & Arden Pope III, C. …….. (2009). Long-term ozone exposure and mortality. New 
England Journal of Medicine, 1085–1095. Retrieved from 
http://www.nejm.org/doi/full/10.1056/nejmoa0803894 
 

http://www.ncbi.nlm.nih.gov/pubmed/19627030
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In the Integrated Benefits Calculator, the crop yield loss is estimated from the emissions of the four 

ozone precursors (NOX, NMVOCs, CH4 and CO) multiplied by crop-weighted coefficients derived from 

the GEOS-Chem Adjoint model for each of the 2 x 2.5 degree grid cells covering the globe to give the 

ozone concentration averaged for 7 and 12 hours for each month in the year. As for the health 

impacts above, the calculator is pre-loaded with the country-specific coefficients and default 

emissions. The estimated growing season start for the crop concerned is used to add the M7 or M12 

ozone concentrations for the 3 month growing season assumed for each crop. This ozone 

concentration metric is then used with the concentration response relationship for each crop. The 

general equation is as follows: 

Crop production loss,  CPL = RYL/(1-RYL)*CP 

where RYL is the Relative Yield Loss  and CP the crop production 

RYL =1-EXP(-((M7/a)b))/(EXP(-((25/a)b))) 

where a and b  are the exposure-response coefficients for each crop.   

The crop yield loss avoided is calculated by subtracting the crop yield loss under the reference 

scenario from the crop yield loss under the implementation scenarios. As for the health impacts, 

these calculations are done automatically by the benefits tool, the user only needs to input the 

national emissions for each ozone precursor taken from LEAP-IBC for the base year and for the 

reference and implementation scenario(s). 

Estimating the warming response of emission changes 

The radiative forcing change is calculated by multiplying the emission of the radiatively active 

substances by coefficients for that substance derived from the GEOS-Chem model for each 2x2.5 

degree grid. These are all then summed to give the overall global change in radiative forcing. These 

values are then multiplied by standard values converting radiative forcing to temperature change in 

four different latitudinal bands and globally.  

The impact of implementing all measures compared to the reference scenario is then the difference 

in temperature or radiative forcing between the two scenarios.  
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Annex 4: Developing the National Planning Document 

Format and content 

The format and content of the national planning reports will differ from country to country 
depending on local needs and traditions, and knowledge of the key audiences.  

The planning document would develop the logic that would outline the steps that each country 
could take according to the following steps:  

i. Introduce the issue and relevance to the country; 
ii. Explain the emissions and their likely progression and highlight the relative contribution 

of different sources to the SLCP issue, with an understanding of the extent of current 
knowledge 

iii. Identify relevant measures and strategies for each source that would reduce emissions, 
with an assessment of the certainty regarding the impact of those different measures on 
emissions and impacts 

iv. Assess the potential of full implementation to reduce impacts on health, crop yield and 
climate 

v. Describe the different relevant policy frameworks for SLCPs, relevant programmes and 
projects (internationally and nationally initiated) in each country 

vi. Discuss for each measure the relevant policy frameworks, programmes, strategies that 
are relevant to the particular measure  

vii. Describe possible pathways by which measures could be best integrated into the policy 
making context of each country. This pathway analysis would identify the major actors, 
technologies, policy systems according to a common approach 

viii. Describe the pathways for the different measures according to the degree to which 
these are understood: 
a. Well understood pathway 
b. Possible pathway 
c. Poorly understood pathway 

ix. Identify main actions for the different measures to move them forward towards action 
x. Identify the priority actions that will give results in a short space of time 

 

Process of developing the document 

The national planning document will most likely be developed by the consultants / academics 
undertaking the work for the development of national planning, aided by the relevant ministry 
commissioning the work and the international team advising on the development of the national 
plans. Key questions in developing the document include: 

 Who will be included in the drafting teams? 

 How will stakeholders be represented in the drafting process? 

 What peer-review process will be used to review the plans? 
 

Structure of the document 

The ‘opportunities’ document does not have to fit any particular format but the following proposes a 
generic approach which can be used or modified. Most of the national planning reports from the 
Pilot Phase include these structural elements, but not necessarily in the order shown. 
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Title:  

This needs to fit the purpose of the document in the country concerned. 
 
 

National Plan to Reduce SLCPs in [country] 
 

Summary for Decision Makers 

This will introduce the issue and explain the nature of the SLCP issue, the NAP process, and explain 
how the analysis has resulted in the identification of relevant measures that could be introduced or 
augmented in the country, and also an analysis of the actions that could be taken to promote each 
measure with an attempt to prioritise that action.  

Chapter 1:   Introduction                                                                 

-    Nature of the SLCP problem: diversity of sources, diversity of impacts.  Not seen as distinctive 
category, policy spread through a wide range of programmes.  In particular ambient air quality and 
climate have grown apart in policy and institutional terms in recent decades.   Given the urgent need 
to mitigate emissions on climate, health and food security grounds, finding effective implementation 
mechanisms should be an urgent priority 

-     National scale as the critical scale for action 

-     the UNEP assessment:   how far it takes us; now need to refine assessments to the national scale 
and identify relevant and effective delivery processes. 

Chapter 2: The Contribution of different sources to SLCPs now and likely progression to 
2030/2050 [some countries included effects of SLCPs here] 

Explain the emissions and their likely progression and highlight the relative contribution of different 
sources to the SLCP issue, with an understanding of the extent of current knowledge; Show the 
current and expected impact of the emissions for a historical year and in 2030 for health, crop yield 
and climate; Development of reference scenario, as a basis for later policy scenarios; 

Application of SLCP Toolkit (LEAP-SLCP model and health/crop/ climate benefit model): 

How far is the information and data necessary to support such a methodology now available in 
[country]:                         

-       Is the necessary data already available?   
-       If not, how can it be obtained?     
-       If it cannot be obtained, are there feasible proxies for it? 
 
       Chapter 3: Measures to reduce SLCPs and the benefit of their full implementation 

Identify relevant measures and strategies for each source that would reduce emissions, with an 
assessment of the certainty regarding the impact of those different measures on emissions and 
impacts; 

Assess the potential of full implementation to reduce impacts on health, crop yield and climate.  

Chapter 4: A review of possible ‘Pathways’ to implement the measures                                                



47 
 

Discuss for each measure the relevant policy frameworks, programmes, strategies that are relevant 
to the particular measure  

Describe the different relevant for SLCPs, relevant programmes and projects (internationally and 
nationally initiated) in each country 

A ‘Mapping’ of current strategies, policies, policy frameworks, programmes and projects to identify 
possible implementation options and pathways and delivery mechanisms for each measure. 

Describe possible pathways by which measures could be best integrated into the policy making 
context of each country. This pathway analysis would identify the major actors, technologies, policy 
systems according to a common approach 

Focus on two separate questions:  

-       How would any strategy fit within the overall planning process? 
-       And what are the available or potentially available delivery mechanisms for 
        individual sectors? 
 

Chapter 5:  Defining policy options, constraints and lead-times       

-        assessing comparative implementation constraints, costs and lead-times for different sectors 
and - so far as possible - measures 

-        Political judgement on mitigation targets and selection of measures 

 

Chapter 6: Developing priorities for national action and outlining the next steps 

This part would outline the process for developing national priorities for action on SLCPs and engage 
with key stakeholders as appropriate to refine these. Once the planning report has been finalised, this 
needs to be used as basis for embedding the SLCP issues into decision making in to the country and 
the steps to take to do this can be outlined in this section.  
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