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SUMMARY FOR THE DECISION MAKERS 

 

INTRODUCTION 

Supporting NAtional Planning (SNAP) for Short-Lived Climate Pollutants (SLCPs) is a cross-

cutting initiative for the Climate and Clean Air Coalition (CCAC) to support those countries that 

wish to develop their priorities for national strategy to reduce SLCP. The long-term goal of this 

initiative is to support integration of SLCP into existing national planning; to identify and prioritize 

strategies that countries can undertake and can be implemented through existing air quality, 

climate change and development policy and regulatory framework as well as identify ways to 

overcome barriers and to build capacity in countries for their strategic planning. Mexico and 

UNEP are the lead partners of this initiative with Stockholm Environment Institute (SEI) and the 

Molina Center for Strategic Studies in Energy and the Environment (MCE2) as the 

implementers. 

 

Mexico is one of the four pilot countries (Bangladesh, Colombia, Ghana, Mexico) supported by 

CCAC to develop a fast-start national planning for SLCP, which includes all the elements of 

longer term national planning, but only with the level of details allowed by available information 

and preliminary assessments. A first-order draft SLCP SNAP for Mexico will provide a first plan 

to start work on SLCP mitigation strategies as part of Mexico’s on-going policies and programs, 

including Low Emissions Development Strategy (LEDS), National Communications, air quality 

management programs and climate action plans.   

 

This pilot phase of the SNAP initiative for Mexico, implemented by the Molina Center and in 

consultation and collaboration with the National Institute of Ecology and Climate Change 

(INECC), includes the following activities: 

- Prepare a First-order National Planning document for Mexico that provides a strategic 

review of possible options to reduce short-lived climate pollutants in Mexico  

- Support  the development of a Guidance Document on national planning of SLCPs, 

drawing on experience from Mexico and other participating countries; 

- Support the development of a Rapid Emissions and Scenario Assessment Toolkit, which 

has been implemented in Mexico for the estimation of current emissions and emission 

scenarios and application of rapid benefit assessment techniques.  

- Co-organize the Latin America and the Caribbean (LAC) regional meeting to raise 

awareness of SLCP issues among participating countries and organizations and explore 

ways to share best practices and facilitate future collaboration among interested partners 

in the region. 

 

This final document introduces the issue and explains the nature of the SLCP issue, the national 

planning process, and describes how the analysis has resulted in the identification of relevant 

mitigation measures that could be introduced or augmented in Mexico to reduce black carbon 

and methane emissions, and the relevant pathways for implementation. The document 
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concludes with suggestion for next steps that could be taken to promote the identified measures 

for implementation through existing government programs, new national initiatives and 

international cooperation. This document is part of an integrated report of the Fast-start 

activities to be reviewed by the CCAC Working Group. 

 

 

SOURCES AND IMPACTS OF SHORT-LIVED CLIMATE POLLUTANTS 

Short-lived climate pollutants (SLCPs) are harmful air pollutants that also contribute significantly 

to climate change. The main SLCPs are black carbon (or soot), methane (CH4), tropospheric 

ozone (O3) and some hydrofluorocarbons (HFCs). They remain in the atmosphere only a 

relatively short time, hence are often referred to as short-lived climate forcers. Due to their 

nature, these agents can be quickly controlled and reduced with existing technology 

 

Tropospheric ozone is not directly emitted; it is a secondary pollutant that is formed by 

atmospheric photochemical processes and must be controlled by reducing its precursor 

pollutants, primarily NOx (NO + NO2), carbon monoxide (CO) and volatile organic compounds 

(VOCs), as well as methane. Tropospheric ozone damages human health when inhaled and 

also reduces crop yields. 

 

Methane (CH4), a precursor of tropospheric ozone, is included as one of the six greenhouse 

gases (GHGs) — CO2, CH4, N2O, HFCs, PFCs, and SF6 — controlled under the Kyoto Protocol. 

Methane is a potent, short-lived greenhouse gas that remains airborne in the atmosphere for 

about 10 years and has about 25 times the Global Warming Potential (GWP) of CO2 — so 

eliminating one ton of methane is equivalent to 25 tons of CO2 on a hundred year scale, and 76 

tons on a 20-year time scale. Recent study indicates that the climate impacts of methane could 

be as much as 33 times that of the equivalent amount of CO2; this corresponds to GWP-20 of 

about 100. Since the pre-industrial era, atmospheric levels of methane have increased 2.5 

times; approximately 40% of methane is emitted into the atmosphere by natural sources (e.g., 

wetlands and termites), and about 60 % comes from human activities including ruminant 

livestock, rice cultivation, microbial waste processing (landfills, manure, and waste water), coal 

mining, and oil and natural gas systems.  

 

Black carbon (BC) is emitted directly into the atmosphere in the form of fine particles (PM2.5) and 

is produced by both natural processes and human activities from the incomplete combustion of 

fossil fuels, biofuels, and biomass. Primary sources of black carbon include diesel engines, 

industrial sources, residential coal and solid biofuels for cooking and heating, and agricultural 

and forest fires and open burning of solid waste. BC contributes to the adverse impacts on 

human health, ecosystems, and visibility associated with PM2.5. 

 

Black carbon influences climate by directly absorbing sunlight in the atmosphere, reducing the 

reflectivity of snow and ice through deposition and interacting with clouds. The different climate 

attributes of BC and long-lived greenhouse gases make it difficult to interpret comparisons of 

their relative climate impacts based on common metrics. Currently the best estimate, including 

direct effects, cloud effects, and snow and ice effects, suggests that BC could be the second 
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largest contributor to global warming after carbon dioxide. The best estimates GWP-100 and 

GWP-20 values for black carbon are 900 (100 to 1700 range) and 3200 (270 to 6200 range) 

respectively. Although there is large uncertainty about the magnitude of BC climate impacts, it 

is very likely that mitigating sources with a high proportion of BC pollution (e.g., diesel engines) 

and sources affecting snow and ice-covered regions will have positive climate benefits.  

 

Hydrofluorocarbons (HFCs) are synthetic GHGs produced for use as substitutes for ozone-

depleting substances in refrigeration, air-conditioning, insulating foams, aerosols, solvents, and 

fire protection. They are ozone-friendly because fluorine forms stable compounds in the 

stratosphere. However, most HFCs currently in use have high global warming potential; they 

have been included among the six GHGs targeted for emission reductions under the Kyoto 

Protocol. The mix of HFCs in current use, weighted by usage (tonnage), has an average 

lifetime of 15 years. Over the last decade, HFC use and emissions have increased dramatically 

and eventually will comprise a significant percentage of the overall climate problem in the 

absence of additional regulation under the Montreal Protocol. 

 

 

MEXICO’S EFFORTS AND COMMITMENTS ON MITIGATING SLCPS  

The government of Mexico, through the Ministry of Environment and Natural Resources 

(SEMARNAT) and the National Institute of Ecology and Climate Change (INECC), are 

committed to reducing emissions of short-lived climate pollutants and has demonstrated this 

commitment through several efforts at the national and international levels:   

 

 Launching Global Methane Initiative (GMI). In October 2010, SEMARNAT and US 

Environmental Protection Agency launched GMI initiative to advance global cooperation 

on methane, and to accelerate the implementation of emission reducing technologies 

and practices in the agriculture, coal mining, landfill, and oil and gas sectors.  

 Collaborating with UNEP on SLCP assessment reports. Mexico, through INECC, 

collaborated with UNEP in the assessment of short-lived climate pollutants and 

evaluation of options to address near-term climate protection and clean air benefits. 

 Improving Understanding of SLCPs. In 2011, INECC and the Molina Center for 

Energy and the Environment (MCE2) hosted several workshops on the science and 

policy of SLCPs to improve understanding of SLCPs and to share best practices with the 

support from INECC, MCE2 and World Meteorological Organization (WMO). 

 Promoting international cooperation on SLCPs.  In September 2011, Mexico hosted 

a Ministerial Meeting on SLCPs, attended by high-level representatives from more than 

20 countries, to promote international cooperation. 

 Developing a Low Emissions Development Strategy (LEDS). Mexican government 

has set as a priority green growth, which includes a set of initiatives to promote 

economic growth and equity among citizens preserving or incrementing environmental 

capital. The Low Emissions Development Strategy (LEDS) is the central element to 

green growth, focusing on low-carbon growth. Furthermore, in January 2012, Mexico 
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signed an agreement with U.S. Agency for International Development (USAID) to 

collaborate on low emissions development strategy. 

 Implementing an integrated assessment of SLCPs. Mexico is collaborating with 

UNEP and MCE2 to implement a pilot project sponsored by Global Environment Facility 

on integrated response to SLCPs that promotes clean energy and energy efficiency. 

 Participating in the Climate and Clean Air Coalition to Reduce Short-Lived Climate 

Pollutants. In 2012, Mexico joined CCAC as one of the Founding members and is 

leading several initiatives, including the SNAP initiative. 

 Participating in field measurement campaigns on impact of megacity emissions. 

Mexico, through INECC, has supported numerous field measurement campaigns, 

including MCMA-2003 and MILAGRO-2006, which generated comprehensive datasets 

about the emissions from Mexico Megacity, including black carbon. 

 

Mexico has continued to demonstrate its commitment to reducing SLCPs and is one of the four 

pilot countries to develop a fast-start national planning for SLCP, which will provide a first plan 

to assess SLCP emissions and mitigation options. 

 

 

EMISSION SOURCES AND THE IMPACT OF RELEVANT MEASURES TO REDUCE 

EMISSIONS IN MEXICO 

 

A comprehensive review of current documents, reports and databases and policies related to 

criteria pollutants, GHGs, demographics, energy, agriculture, solid waste, automobile, oil, gas, 

and wastewater was undertaken by the Mexico SNAP Project team, consisting of personnel 

from INECC and staff and consultants from MCE2.  

 

Several Project team meetings, some including collaborators from SEMARNAT, were organized 

to acquire, discuss and compile the local information and database needed as input to the 

toolkit and to identify mitigation policies specific for Mexico. The Project team was divided into 

several working groups to facilitate discussions and information gatherings. Nine key sectors of 

black carbon and methane were identified and analyzed: agriculture (livestock, sugarcane 

burning and tillage), transport (diesel and gasoline vehicles), waste (municipal waste open 

burning, landfill, wastewater), fossil fuel extraction and distribution (coal mining, oil and gas, 

coke), residential (wood burning cookstoves), industrial processes (pig iron, brick kilns), power 

generation, wildfires, energy demand from industry and services that includes commercial and 

residential sectors. Information and data obtained from those activities were used as input to the 

Rapid Emissions and Scenario Assessment Toolkit developed by SEI to assess emissions and 

trends and to obtain results that support the analysis. Preliminary results are presented in the 

following paragraphs. 

 

In 2010 the largest source of methane was livestock (1,808 Gg), representing 43% of the total 

methane emissions. Landfill contributes with 23% (976 Gg), oil and gas production with 11% 

(455 Gg), wastewater treatment with 10% (429 Gg), coal mining with 7% (312 Gg), cookstoves 

http://www.istockphoto.com/stock-photo-1279440-traffic-jam.php?st=5578ef1
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with 2% (78 Gg), livestock manure, 1% (44 Gg) and others 2% (63 Gg). For the year 2030, the 

methane emissions are projected to increase 38%. The largest increment is landfill emissions 

with 817 Gg from 2010 level; followed by enteric fermentation with an increment of 416 Gg and 

oil and gas with an increment of 254 Gg. 

Oil and gas industry was identified as the main source of black carbon; it contributed 50% of BC 

emissions (24 Gg). This was followed by residential (cookstoves), 13% (6.2 Gg); industry 

energy demand, 10% (4.8 Gg); sugarcane pre-harvest burning, 7% (3.5 Gg); transport sector, 

7% (3.4 Gg); municipal solid waste open burning (MSWOB), 5% (2.4 Gg); and coke 3% (1.4 

Gg). Others (service energy demand, brick kilns, tillage, power generation, pig iron and 

wildfires) contribute 4% (2.0 Gg).  

 

The working groups have identified the following mitigation measures for BC and methane:  

 

Identified measures for reducing black carbon emissions in Mexico 

Oil and Gas Production 

BC-1 
Extended recovery and utilization, rather than venting, of associated gas and 
improved control of unintended and fugitive emissions from the production of 
oil and natural gas.  

Cookstoves  

BC-2 
Promote substitution of traditional cookstoves (open burning fire) by improved 
cookstoves in rural municipalities with high level of poverty (high and very high 
marginalization index). 

BC-3 

Development of social and environmental policies implemented by SEDESOL, 
SEMARNAT, CONAFOR, PESA-SAGARPA; oriented to the substitution of 
traditional cookstoves (open burning fires) with improved cookstoves in the 
semirural area. 

Transport 

BC-4 
Availability nationwide of ultra-low sulfur diesel fuels for vehicles. 

Stricter emissions standards. 

Sugar Cane Pre-Harvest Burning 

BC-5 Encourage the mechanization of sugar cane harvest. 

Wildfires 

BC-6 
Reinforcement of the National Program of Protection against Forest Fires 
(CONAFOR). 

BC-7 
Reinforcement and control of the Official Mexican standard NOM-015 
SEMARNAT – SAGARPA. 

Brick Kilns 

BC-8 Replacing traditional brick kilns with modern improved brick kilns. 

Power Generation (electricity) 

BC-9 
Substitution from combined cycle to alternative systems (e.g., wind farms, 
nuclear power plants). 
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Identified measures for reducing methane emissions in Mexico 

Livestock 

MT-1 
Install integrated manure management, including implementation of bio-
digesters and use of methane recovered in farms (pigs and beef/dairy cattle).   

MT-2 
Improve dietary and grazing management of cattle, variations in the metabolic 
route, etc. 

Municipal Solid Waste 

MT-3 
Reinforce and promote programs for waste separation of urban solid waste 
(RSU), to increase numbers of recycling “3R programs” (reduce, reuse and 
recycle) considered in the LGPGIR. 

MT-4 
Promote the recovery of methane in the sanitary landfills and use to generate 
energy. 

Oil and Gas Production 

MT-5 
Extended recovery and utilization, rather than venting, of associated gas and 
improve control of unintended and fugitive emissions from oil and gas 
production. 

Municipal Wastewater 

MT-6 Improve management of wastewater treatments plants and methane recovery. 

MT-7 
Upgrade primary wastewater treatment to secondary and tertiary treatment 
with gas recovery and overflow control. 

Coal Mining 

MT-8 
Extended pre-mine degasification and recovery and oxidation of methane from 
ventilation air from coal mines. 

Power Generation (electricity) 

MT-9 
Substitution from combined cycle to alternative systems (e.g., wind farms, 
nuclear power plants). 

 

In addition to the above, there are other sectors that have a large mitigation potential for black 

carbon, including municipal solid waste open burning, agricultural residues burning and off-road 

transport; however, more research is needed in the second phase in order to build the baseline 

scenarios and mitigation evaluation. 

 

The identified measures were evaluated by applying the toolkit using available emissions factors 

and activity rate compiled by the Mexico SNAP Project team. Current Benefit Assessment 

Calculator for Mexico provided by SEI includes only health impact; crop production and radiative 

forcing will be added later. It is important to note that the Benefit Assessment Calculator is still a 

work in progress; the results derived from the calculator should be regarded as preliminary 

estimations. 

 

This document presents the mitigation potential for black carbon and methane. In the case of 

methane, most of the mitigation alternatives included an option to capture and reuse the biogas 

as a fuel for energy production. In the case of black carbon, most of the mitigation alternatives 

are focused on replacing current technology with more efficient and affordable technologies. 
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Based on the emissions obtained for baseline scenario and the emissions reduction from 

implementing the measures, the health benefits were estimated for each sector. The largest 

benefit comes from residential sector by substituting open cooking with improved cookstoves.  

The reduction of methane emissions also has co-benefits, since its recovery signifies a cleaner 

alternative to produce energy other than fossil fuels. Furthermore methane reduction is 

expected to reduce the formation of tropospheric ozone and hence an increase in crop 

productivity.  

 

In addition to the baseline scenarios, the project team has evaluated two policy scenarios and 

has estimated the potential emissions reductions. The total health benefits and the contribution 

from each sector were calculated for Policy Scenario 2.  

 

Policy Scenario 1 considers a set of plausible measures: farming equipment (tillage) reduction 

in black carbon emissions by using more efficient agricultural equipment; sugarcane pre-harvest 

burning reduction by mechanization of harvest; livestock reduction on methane by 

improvements in diet and manure management; wildfire prevention and control in five states; 

wastewater treatment reduction by improving management and methane capture; municipal 

solid waste burning emissions reduction by prevention and control programs; landfill methane 

emissions reduction by recycling program; emissions from traditional cookstoves are reduced by 

using efficient improved cookstoves; brick kilns emissions are reduced by using low emissions 

technologies; fugitive emissions from oil and gas are reduced by using gas recovery and leak 

control programs; transport emissions are reduced by using efficient Diesel filter technologies, 

cleaner fuels and removal of old high-emitting vehicles; and an estimated moderate reduction of 

methane emissions from coal production. 

 

Policy Scenario 2 applies the same emissions reduction policies as Policy Scenario 1 and in 

addition wildfire prevention and control is considered countrywide; cookstoves control applies 

countrywide; brick kilns are changing with a fast penetration technology change; an upgrade on 

the type of wastewater plants; and an estimated larger reduction of methane emissions from 

coal production. 

 

Preliminary results show that the BC emissions reductions are larger under Policy Scenario 2. 

The largest reduction can be obtained from oil and gas, followed by cookstoves, transport, 

wildfires, municipal solid waste open burning and sugarcane burning. Brick kilns and others 

have lower reductions. 

 

For methane, substantial reduction can be obtained by implementing Policy Scenario 2: the 

largest reduction is obtained from landfill emissions, followed by wastewater, cookstoves, 

enteric fermentation, coal mining, and manure management. Lower reductions are also 

obtained from solid waste open burning, wildfires and sugarcane burning. 

 

To make the process and the results more robust, it is necessary to improve the emissions 

analysis, including the activity rate and emission factors for each sector, in order to reduce the 
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uncertainties and to include confidence bounds for the results based on available methods for 

estimating uncertainty. For this project, specific emissions factors for Mexico were used in most 

cases. In some instances, the working groups searched for emissions factors in the literature 

and selected the most appropriate values to use. In a few cases, the analysis of black carbon 

emission factors was made using total PM2.5 emissions to derive estimates for BC emissions 

using the EPA methodology. For the activity rate more information at local level could be 

obtained to improve the database used in the toolkit. 

 

The current emission data used in the toolkit will be reviewed periodically and compared with 

the updated National Emissions Inventory of Mexico as well as the National Communication of 

Climate Change to further evaluate the results. INECC will continue with the work to reduce 

uncertainty in activity rate and emission factors. Furthermore, the results obtained from the 

recent field campaign conducted in Mexico to characterize key emissions of black carbon and 

methane, as part of the GEF-sponsored integrated assessment of SLCPs led by MCE2, in 

collaboration with INECC and other Mexican and US academic and research institutions, could 

improve the current knowledge of the uncertainties surrounding the use of various SLCPs 

emission factors in Mexico. 

  

 

NEXT STEPS AND THE WAY FORWARD 

 

The collaborative teams from MCE2 and INECC have made progress towards the overall goals 

set forth in the pilot phase of the SNAP initiative in Mexico with the support from SEMARNAT as 

well as other CCAC partners, this includes preparing the national planning framework, gathering 

the information and acquiring the tools and methodologies for the planning and assessment 

processes.  

 

The project team has reviewed the initial Guidance Document and has provided extensive 

comments for revision. The document will be further developed during the second phase of the 

SNAP initiative by the participating partners, building on the lessons learned from the first phase 

and by interacting with other regional and global initiatives. 

 

Although the Rapid Emissions and Scenario Assessment Toolkit has been developed later than 

expected by SEI, the Mexico SNAP project team was able to work around it and has 

concentrated on collecting Mexico-specific information and data required to apply the toolkit, as 

well as developing the methodology for building baseline and mitigation scenarios for Mexico 

SNAP initiative. The project team has been using the toolkit since it was released in late 

February and was involved in the various stages of its development and contributed in 

addressing some of the problems encountered during the early development of the toolkit, as 

well as provided suggestions for future refinement of the toolkit. Several issues were also 

encountered in the application of the separate Benefit Assessment Calculator, which is able to 

assess only the impacts on human health from exposure to fine particles and other co-

pollutants. The project team plans to continue supporting the development of the toolkit and 

applying it for benefit assessment (crop production and radiative forcing) as well as economic 
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analysis, when these modules become available. SEI is planning to enhance the usability of the 

toolkit, upgrading the database to include HFCs and further benefit estimation. This should 

facilitate the emissions estimation and benefit assessment for the SNAP project for Mexico. 

 

Much work remains to be continued during the second phase of the SNAP initiative, especially 

in communicating with the stakeholders from different sectors to ensure that the national 

planning process is mainstreamed and integrated into existing air quality, climate change and 

development policy and regulatory framework.  

 

As mentioned above, this project has identified several important black carbon and methane 

mitigation measures for Mexico. However, in order to prioritize the measures for wider 

implementation, it is necessary to evaluate the criteria for each sector carefully, taking into 

consideration emissions reduction potentials, co-benefits and implementation cost. The 

selection of the priority measures is one of the main focuses for the second phase. 

 

More complete emissions inventory data are needed to characterize impacts of key emissions 

sources and to evaluate the effectiveness of mitigation measures aiming at reducing BC, 

methane and co-pollutants. Based on their contribution to SLCP emissions, improved activity 

rates are needed for landfill, wastewater treatment, waste open burning, off-road transport, farm 

equipment, brick kilns, and cookstoves; and better emission factors are needed for oil and gas, 

coke ovens, landfill, wastewater treatment, transport, waste open burning, and brick kilns.  

 

An evaluation in the near future will be the implementation of the measures and the reduction in 

the SLCPs. It is important to continue to promote dialogue on the subject among the multi-

stakeholders in the public and private sectors, linking with the CCAC initiatives and cooperation 

with international institutions, share best practices with other countries, especially in the 

Americas. Successful implementation of mitigation approaches will require raising awareness 

and capacity building and providing financial resources. 

 

In conclusion, despite some remaining uncertainties about short-lived climate pollutants, 

especially black carbon that require further research, currently available scientific and technical 

information has provided a strong foundation for making mitigation decisions and to implement - 

through appropriate public-private partnerships, financial incentives, dedicated research funds 

and legal frameworks – the selected measures to achieve lasting benefits for public health, the 

environment, and climate. 

 

The motivation of the CCAC SLCP national planning initiative is to build commitment at the 

highest level in government to address SLCPs in the context of the countries undertaking SNAP 

process. This is clearly the case in Mexico when President Peña Nieto launched the National 

Strategies on Climate Change on June 3, 2013, which includes SLCP as one of the key 

components for mitigation. This will greatly accelerate the national planning process for SLCP in 

Mexico and contribute to the green growth/ low carbon development strategy envisioned by 

INECC and SEMARNAT.    
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CHAPTER 1  INTRODUCTION  
 
 
Supporting NAtional Planning (SNAP) for Short-Lived Climate Pollutants (SLCPs) is a cross-

cutting initiative for the Climate and Clean Air Coalition (CCAC) to support those countries that 

wish to develop their priorities for national strategy to reduce SLCP. The SLCP NAtional 

Planning (NAP) is owned by the countries; it is voluntary and countries can choose to go into a 

longer or shorter process. The long-term goal of this initiative is to support integration of SLCP 

into existing national planning. It will help to identify and prioritize strategies that countries can 

undertake – focusing on most likely successes to reduce SLCPs. It will identify where the SLCP 

strategies can be implemented through existing air quality, climate change and development 

policy and regulatory framework as well as identify ways to overcome barriers. Mexico and 

UNEP are the lead partners of this initiative with Stockholm Environment Institute (SEI) and the 

Molina Center for Strategic Studies in Energy and the Environment (Molina Center or MCE2) as 

the implementers. 

 

This work program to support the rapid development of national planning process has been put 

together by SEI and MCE2 at the request of the CCAC Secretariat (UNEP) with financial 

support provided by the Government of Canada. The purpose is to facilitate the early 

development of action plans by helping to fast-track action in some key countries. The activity is 

developed under the guidance from the Coalition members responsible for the National 

Planning initiative (UNEP and INECC in Mexico) and the Secretariat and represents a 

cooperative endeavor with key countries – tailoring results to their needs. 

 

Activities under this initiative will support rapid assessment of what can be achieved by country 

partners, demonstration of progress in Partner countries; and enhancement of cross ministerial 

coordination on SLCPs. The work program will take account of the other initiatives identified as 

priorities by the Coalition as well as other initiatives to be developed in due course. The 

outcome of work done by the Coalition on these initiatives will be fed into work on SNAP 

wherever relevant, to help work at the national scale link effectively with, and take advantage of 

international developments.   

 

Mexico is one of the four pilot countries (Bangladesh, Colombia, Ghana, Mexico) to develop a 

fast-start national planning for SLCP. The project is implemented by the Molina Center for 

Energy and the Environment, in consultation and collaboration with the National Institute of 

Ecology and Climate Change and other relevant Mexican ministries, as well as collaboration 

with CCAC partners engaged in the national planning initiative. 

 

This report, Supporting National Planning for SLCPs Initiative in Mexico, is divided into five 

chapters: Chapter 1 describes background information on SLCPs and its impacts and the 

importance of developing national planning for Mexico. Chapter 2 describes the process of 

identification of relevant measures that could be introduced or augmented in Mexico; Chapter 3 

presents the emission sources and impact of relevant emissions reduction measures; Chapter 4 
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describes the relevant pathways for implementation of identified measures; Chapter 5 

summarizes actions that could be taken to promote each measure with an attempt to prioritize 

them and suggests the next steps to move the process forward. In addition, this document 

includes four appendices. Appendix A summarizes the project meetings and the stakeholders 

meeting on mitigation strategies; Appendix B describes the Rapid Emissions and Scenario 

Assessment Toolkit; Appendix C describes SLCP emission uncertainty estimates; and Appendix 

D provides an extensive documentation on the methodology for building baselines and 

mitigation scenarios for Mexico SNAP initiative.  

 

 

1.1 SLCPs and their Impacts 

Short-lived climate pollutants (SLCPs) are harmful air pollutants that also contribute significantly 

to climate change. The main SLCPs are black carbon (BC), methane (CH4), tropospheric ozone 

(O3) and some hydrofluorocarbons (HFCs). They remain in the atmosphere only a relatively 

short time, hence are often referred to as short-lived climate forcers. Due to their nature, these 

agents can be quickly controlled and reduced with existing technology [UNEP-WMO, 2011; 

UNEP, 2011a, 2011b].  

 

Tropospheric ozone (O3) is not directly emitted; it is a secondary pollutant that is formed by 

atmospheric photochemical processes and must be controlled by reducing its precursor 

pollutants, primarily NOx (NO + NO2), carbon monoxide (CO) and volatile organic compounds 

(VOCs), as well as methane. Tropospheric ozone damages human health when inhaled and 

also reduces crop yields. 

 

Methane (CH4), a precursor of tropospheric ozone, is included as one of the six greenhouse 

gases (GHGs) — CO2, CH4, N2O, HFCs, PFCs, and SF6 — controlled under the Kyoto Protocol. 

Methane is a potent, short-lived greenhouse gas that remains airborne in the atmosphere for 

about 10 years and has about 25 times the Global Warming Potential (GWP)1 of CO2 — so 

eliminating one ton of methane is equivalent to 25 tons of CO2 on a 100-year scale (GWP-100), 

[IPCC, 2007] and 76 tons on a 20-year time scale (GWP-20). Methane reductions do not just 

result in decreases of methane in the atmosphere, but in reductions of other substances as well. 

Its GWP-100, including indirect effects, was recently estimated at 33 times that of the equivalent 

amount of CO2 [Shindell et al., 2009]; this corresponds to GWP-20 of about 100. Since the pre-

                                                           
1 Global Warming Potentials (GWP) is an index based upon radiative properties of well-mixed GHGs, 

measuring the radiative forcing (RF) of a unit mass of a given pollutant in the present-day atmosphere 
integrated over a chosen time horizon (often 100 years), relative to that of CO2 (which always has GWP 
of 1). The GWP-100 is used in the Kyoto Protocol, which provides a simple way by which emissions of a 
particular pollutant can be converted to CO2eq emissions. However, there are well-documented 
shortcomings of the GWP concept, particularly in using it to assess the impact of short-lived species. 
While the GWPs of well-mixed long-lived greenhouse gases (LLGHGs) do not depend on location and 
time of emissions, the GWPs for short-lived species will be regionally and temporally dependent. The 
different response of precipitation to an aerosol RF compared to a LLGHG RF also suggests that the 
GWP concept may be too simplistic when applied to aerosols. Despite the continuing scientific and 
economic debate on the use of GWPs, currently no alternative metric has attained comparable status 
[IPCC, 2007; 2009]. New metrics designed specifically for SLCPs such as BC are being developed.  
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industrial era, atmospheric levels of methane have increased 2.5 times from about 700 ppb in 

1800 to 1774 ppb in 2005 [IPCC, 2007] and 1813 ppb in 20112. Approximately 40% of methane 

is emitted into the atmosphere by natural sources (e.g., wetlands and termites), and about 60% 

comes from human activities including ruminant livestock, rice cultivation, microbial waste 

processing (landfills, manure, and wastewater), coal mining, and oil and natural gas systems. 

Global anthropogenic methane emissions are expected to increase 23% by 2020 [USEPA, 

2011].    

 

Black carbon (BC) is emitted directly into the atmosphere in the form of fine particles (PM2.5) and 

is often referred to as soot. BC is produced by both natural processes and human activities from 

the incomplete combustion of fossil fuels, biofuels, and biomass. Primary sources of black 

carbon include diesel engines, industrial sources, residential coal and solid biofuels for cooking 

and heating, waste open burning, and agricultural and forest fires. BC contributes to the adverse 

impacts on human health, ecosystems, and visibility associated with PM2.5 [Bachmann, 2009; 

UNEP-WMO, 2011; USEPA, 2012]. 

 

Black carbon contributes to global warming by absorbing sunlight in the atmosphere. Black 

carbon resides in the atmosphere only days to weeks, which means that reducing emissions 

may result in a relatively rapid climate response. However, the mechanism of warming for BC is 

much more complex because BC is emitted with other pollutants that may warm or cool the 

climate. When soot particles age in the atmosphere, they become coated by relatively 

transparent or translucent chemicals, increasing their size and the probability that sunlight will 

hit them and be absorbed by the particles. BC and other particles also influence climate 

indirectly by various interaction with clouds and snow and ice [see e.g., Bond et al., 2007; 

UNEP-WMO, 2011; UNEP 2011a, USEPA 2012].  

 

The different climate attributes of BC and long-lived greenhouse gases (LLGHGs) make it 

difficult to interpret comparisons of their relative climate impacts based on common metrics. 

According to the Intergovernmental Panel for Climate Change (IPCC), the globally averaged 

direct radiative forcing3 of black carbon from fossil fuel emissions was estimated at 0.2 W/m2, 

with an additional 0.1 W/m2 through its effect on the surface albedo of snow and ice [IPCC, 

2007]. However, Ramanathan and Carmichael [2008] recently estimated that the direct radiative 

forcing for BC could be as large as 0.92 W/m2
 and that BC could be the second largest 

contributor to global warming after carbon dioxide. In a comprehensive assessment of BC, 

Bond et al. [2013] also rank it as the second most important individual climate-warming agent 

with a total climate forcing of 1.1 W/m2
 (0.17 to 2.1 W/m2

 range). This forcing estimate 

includes direct effects, cloud effects, and snow and ice effects. For comparison, the best 

estimates of direct and indirect forcing for carbon dioxide and methane in 2005 were 1.56 

and 0.86 W/m2, respectively [Bond et al., 2013]. 

                                                           
2
 http://www.wmo.int/pages/mediacentre/press_releases/pr_965_en.html 

3
 Radiative forcing is a measure of the influence a factor has in altering the balance of incoming and 

outgoing energy in the Earth-atmosphere system and is an index of the importance of the factor as a 
potential climate change mechanism. In this report radiative forcing values are for changes relative to 
preindustrial conditions defined at 1750 and are expressed in watts per square meter (W/m

2
) [IPCC, 

2007]. 
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The GWP-100 and GWP-20 values for black carbon estimated by Bond et al. [2013] with all 

forcing mechanisms included, are 900 (100 to 1700 range) and 3200 (270 to 6200 range) 

respectively. The large range derives from the uncertainties in the climate forcings for black 

carbon effects. The GWP and other climate metric values vary by about ±30% between 

emitting regions. The authors noted that BC and CO2 emission amounts with equivalent 

100-year GWPs have different impacts on climate, temperature, rainfall, and the timing of 

these impacts. These and other differences raise questions about the appropriateness of using 

a single metric to compare black carbon and greenhouse gases. 

 

Although there is large uncertainty about the magnitude of black carbon climate impacts, it is 

very likely that mitigating sources with a high proportion of black carbon pollution (e.g., diesel 

engines) and sources affecting snow and ice-covered regions will have positive climate benefits. 

Reducing BC emissions will also result in significant improvements to public health, in part 

because BC emissions tend to be concentrated in densely populated urban areas. Large 

population from rural areas are also exposed, i.e., from wood burning for cooking.  

 

Hydrofluorocarbons (HFCs) are synthetic GHGs produced for use as substitutes for ozone-

depleting substances (ODSs) in refrigeration, air-conditioning, insulating foams, aerosols, 

solvents, and fire protection and as an unintentional by-product during the production of the 

ODS HCFC-22. They are ozone-friendly because fluorine forms stable compounds in the 

stratosphere. However, most HFCs currently in use have high global warming potential; they 

have been included among the six GHGs targeted for emission reductions under the Kyoto 

Protocol to the UNFCCC [UNEP, 2011b]. 

 

The mix of HFCs in current use, weighted by usage (tonnage), has an average lifetime of 15 

years. Over the last decade, HFC use and emissions have increased dramatically as ODSs 

controlled under the Montreal Protocol on Substances that Deplete the Ozone Layer—such as 

chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs)—have been phased-out 

and replaced by HFCs. In the absence of additional regulation under the Montreal Protocol, 

HFC emissions growth will accelerate dramatically and eventually will comprise a significant 

percentage of the overall climate problem [UNEP, 2011b]. 

 

 

1.2. Messages from International Assessments 

According to recent UNEP assessments [UNEP/WMO, 2011; UNEP. 2011a], a small number of 

emission reduction measures for methane and black carbon in use in different regions around 

the world, using existing technologies, could immediately lead to near-term climate protection, in 

addition to significant benefits to energy efficiency, human health, crop production, and 

ecosystems. Fast action to reduce these pollutants have the potential to slow down the global 

warming expected by 2050 by as much as 0.5°C, as well as prevent over two million premature 

deaths each year and avoid annual crop losses of over 50 million tonnes.  
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However, there is a need now to translate these measures into a national context, taking into 

consideration national circumstances. The sources of SLCP emissions are manifold, occur at 

different scales (involve mostly a large number of small sources) and vary across regions with 

each country having a unique combination of emission sources, making it necessary to 

generate region and country specific data in order to employ targeted mitigation measures.  

 

Acting at the national level allows a country to incorporate the reduction of SLCPs into its air 

quality, climate change and development policy and regulatory frameworks, as well as into 

relevant sectoral policies according to its national priorities. It is important to emphasize that 

SLCP mitigation measures complement but do not replace anticipated CO2 reduction measures. 

Thus, reducing warming in the longer term will also require action now to reduce CO2 emissions. 

 

In the case of HFCs, according to a new UNEP report [UNEP 2011b], emissions of HFCs are 

growing at a rate of about 8% per year due to growing demand in emerging economies and 

increasing populations. Without intervention, the increase in HFCs emissions is projected to 

offset much of the climate benefit achieved by the earlier reduction in ODS emissions. It is 

therefore important to select HFCs with low GWP and short lifetimes to minimize the climate 

impact while protecting the ozone layer. The alternative technical options for minimizing the 

influence of HFCs on climate fall into three categories: Alternative methods and processes 

(also called ‘not- in-kind’ alternatives); using non-HFC substances with low or zero GWP; and 

using low-GWP HFCs: Several low- GWP HFCs (with lifetimes of less than a few months) are 

now being introduced. 

 

 

1.3. The Importance of Mitigating SLCPs in Mexico and Co-Benefits  

Mexico is one of the four pilot countries supported by CCAC to develop a fast-start national 

planning for SLCP, which includes all the elements of longer term national planning, but only 

with the level of details allowed by available information and preliminary assessments. A first-

order draft SLCP SNAP for Mexico will provide a first plan to start work on SLCP mitigation 

strategies as part of Mexico’s on-going policies and programs, including Low Emissions 

Development Strategy (LEDS), National Communications, air quality management programs 

and climate action plans, as well as complement the long-term integrated assessment of SLCP 

sponsored by the Global Environmental Facility (GEF) described below. 

 

Mexico has been undertaking several efforts to assess SLCP emissions and to foster mitigation 

measures. Recently, the National Institute of Ecology sponsored a study entitled “Emerging 

topics in climate change: methane and black carbon, possible co-benefits and development of 

research plans” [INE, 2011]. The objectives of this study were to review the current 

understanding of methane and black carbon as climate forcers, to review methane and black 

carbon emissions in Mexico, and to propose a strategic research program on emissions, 

mitigation and atmospheric processes of methane and black carbon in Mexico. The study 

included a Technical Workshop on Methane and Black Carbon, whereby Mexican experts from 

various sectors presented and discussed emissions of SLCPs, mitigation strategies, and 

challenges for implementation. The study provided a list of research priorities addressing 
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SLCPs in Mexico and priority options for mitigating black carbon and methane. The study was 

coordinated by MCE2 and UNAM-CCA with contributions from Mexican experts. 

 

Mexico recognizes the transformational impacts of addressing SLCPs in an integrated manner 

and is conducting a pilot project to contribute to the development and implementation of a more 

comprehensive and sustainable LEDS for Mexico through an integrated assessment of SLCPs 

and the demonstration of targeted mitigation policies for near-term climate protection and the 

co-benefits on energy efficiency, human health, crop production and ecosystems. This initiative, 

sponsored by GEF and led by MCE2 in collaboration with INECC and UNEP, includes the 

participation of many sectors (e.g., transport, oil and gas wastewater treatment, agriculture, 

small industry, residential), government agencies, and academic institutions, which will help in 

the development of capacity building and national research collaboration. It also offers an 

opportunity for Mexico to systematize information on SLCP.   

 

Mexico, through INECC, has supported numerous field measurement campaigns, including 

MCMA-2003 and MILAGRO-2006, which generated comprehensive datasets about the 

emissions from Mexico Megacity, including black carbon [Molina et al., 2007; 2010]. 

 

Mexico has been actively involved in international efforts to mitigate SLCP. The USEPA and 

SEMARNAT, working with other countries, launched the Global Methane Initiative4 in Mexico 

City on October 1, 2010 to advance global cooperation on methane, and to accelerate the 

implementation of emission reduction technologies and practices.  

 

Mexico, through INECC, collaborated with UNEP in the assessment of short-lived climate 

pollutants and evaluation of options to address near-term climate protection and clean air 

benefits [UNEP and WMO, 2011; UNEP, 2011a]. In 2011, INECC and MCE2 hosted a 

workshop on the science and policy of SLCPs to improve understanding of SLCPs and to share 

best practices with the support from INECC, MCE2 and WMO. 

 

In September 2011, SEMARNAT hosted a Ministerial Meeting on SLCPs, attended by high-level 

representatives from more than 20 countries, to promote international cooperation. Mexico was 

one of the six founding members of CCAC, a member of the Steering Committee and is leading 

several initiatives, including brick production and the SNAP initiatives.5 

                                                           
4
 http://www.globalmethane.org/gmi/ 

5
 The INECC developed simultaneously similar strategies to the SNAP to contribute to the National 

Climate Change Strategy and the Strategic Program for Climate Change. Through McKinsey Consulting, 
abatement curves were developed using cost-benefit analysis of potential measures to mitigate 
greenhouse gases. A portfolio (established to 2020) of 7 sectors were considered: Power, Transport, Oil 
and Gas, Waste, Industry, Forestry and Agriculture, and the performance curves projections to 2030. 
While these sectors were considered similar to those established for SNAP, there are differences in the 
development of the 2010 baseline as the McKinsey study used the emissions results of the Fifth National 
Communication of Greenhouse Gases in 2010, and integrated mitigation scenarios in some sectors to 
those presented in the SNAP. Whereas SNAP focuses efforts on SLCP and co-pollutants, the McKinsey 
study analyzes greenhouse gases in terms of CO2 equivalent. (Source: National Institute of Ecology and 
Climate Change, 2013. Actualización de la curva de costos y la cartera de proyectos de mitigación – 
Updating the cost curve and the portfolio of mitigation projects). 
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CHAPTER 2 ENGAGEMENT PROCESS TO DEVELOP THE NATIONAL 
PLANNING FOR SLCP IN MEXICO 

 

 
2.1 Setting up the SLCP National Planning Process for Mexico 

The institution in charge of coordinating the SLCP national planning for Mexico is the National 

Institute of Ecology and Climate Change (INECC). 6  Among other attributions, INECC is 

responsible for estimating emissions; coordinating scientific and technical research; evaluating 

goals and actions in the national strategy to ensure that they comply with the adaptation and 

mitigation objectives outlined in the law; and proposing policy recommendations regarding 

mitigation and adaptation actions. INECC has supported and conducted studies about SLCP 

matters such as: implementation of improved cookstoves, traditional brick kilns, vehicles with 

diesel fuels, cost benefit analysis, GHG emission inventory and air quality impacts, among 

others. 

 

The Ministry of the Environment and Natural Resources (Secretaría de Medio Ambiente y 

Recursos Naturales, SEMARNAT)7 is responsible for promoting the protection, restoration and 

conservation of natural resources and ecosystems, and environmental goods and services in 

Mexico in order to facilitate their use and sustainable development. The Undersecretary for 

Planning and Environmental Policy (Subsecretaría de Planeación y Política Ambiental) is 

responsible for formulating and conducting the strategic environmental planning, regional and 

local environmental policies, as well as strengthening coordination among the three levels of 

government, while the General Direction for Air Quality Management and Pollutant Release and 

Transfer Register (Dirección General de Gestión de la Calidad del Aire y Registro de Emisiones 

y Transferencia de Contaminantes, DGCAyRETC) is in charge of developing national emissions 

inventory for Mexico as well as formulating regulations. 

 

In addition to INECC and SEMARNAT, other relevant ministries and associated institutions 

include Ministry of agriculture and rural development (SAGARPA), Ministry of Health (SALUD), 

Ministry of Social Development (SEDESOL), Ministry of Transport and Communication (SCT), 

Ministry of Energy (SENER), and National Forestry Commission (CONAFOR) were consulted 

regarding information about SLCP. Other key relevant stakeholders, including the private sector, 

civil society organizations, academia, local and indigenous communities, will be engaged to 

participate in the SNAP process.   

 

                                                           
6
 INECC, formerly known as INE, was created under the new climate change bill passed by the Mexican 

legislation on April 19, 2012 and signed into law by President Calderon on June 5, 2012. The law sets 
greenhouse gas emissions reduction targets for the country and outlines goals for a national climate 
change policy. INECC is responsible for the technical work necessary to develop policy recommendations 
(Ley General de Cambio Climático. Diario Oficial de la Federación, México, 6 de junio de 2012.) 
 
7
 http://www.semarnat.gob.mx/english/Pages/whatissemarnat.aspx 
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Setting up the fast-start SNAP involves an initial stock-taking study, including identify and gather 

existing information and information gaps on emissions, impact assessments, and benefits of 

mitigation (using the Rapid Emissions and Scenario Assessment Toolkit developed by SEI); 

map relevant policies, stakeholders, scientific and technical capacities; identify opportunities for 

mitigation strategies providing ‘quick wins’ (building on those that have already been identified 

by countries); and identify barriers for development and implementation of the NAP. 

 

The following activities were conducted in setting up the Mexico SNAP process: 

 

1) Initial consultation with researchers and stakeholders working in atmospheric 

pollution, climate change and co-benefits analysis  

Initial consultation was conducted with researchers and stakeholders working in 

atmospheric pollution, climate change and co-benefits analysis to ensure coordination of 

synergistic efforts and identify opportunities for collaboration. Consultations and 

presentations were held with the INECC staff to discuss the SNAP work plan and provide 

feedback. This work allowed the integration of researchers of all areas at INECC that are 

working on the SLCP issues: regional and urban pollution, climate change, and 

environmental economics and policy. Information on atmospheric pollution, climate change 

and co-benefits analysis generated by the INECC was collected. The INECC has supported 

studies related to SLCP issues such as: implementation of improved cookstoves, traditional 

brick kilns, diesel vehicles, cost benefit analysis, GHG emission inventory and air quality 

impacts, among others. 

 

2) Meetings with SEMARNAT personnel 

The meetings were held to inform SEMARNAT DGCAyRETC officials about the SNAP 

initiative and to engage their participation in the development of the Mexico NAP. 

Specifically, SEMARNAT DGCAyRETC has provided the database from the National 

Emissions Inventory used in this document. 

 

In Mexico, the environmental institutional framework that could be involved in the SLCP 

NAP was constructed with the institutions that have been working in climate change, air 

pollution and health impacts. However, because of restructuring of the new government in 

the country, other institutions besides this list could be included in the SNAP project.  Future 

meeting will be organized with other relevant ministries and associated institutions. 

 

3) Develop project teams and convene project meetings  

a) Develop project team for Mexico SNAP initiative 

A multidisciplinary team consisting of researchers from INECC, Molina Center (MCE2), 

and consultants was established. This involved experts in air quality analysis and 

measurement, climate change impacts, co-benefits analysis and policy and economic 

analysis in order to cover the different analytical approaches in the construction of 

Mexican SLCP SNAP framework (Figure1). 
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Figure 1.  Framework for Supporting National Planning for SLCPs Initiative in Mexico 

 

 

b) Project organization meetings  

Several meetings were organized by the core group of the project (MCE2 personnel and 

consultants) responsible for implementing the project activities, in consultation and 

coordination with INECC personnel. The meetings focused on the distribution of the 

tasks with a view of developing the roadmap for the National Planning.  

 

c) Project team meetings  

A series of project team meetings involving INECC and MCE2 personnel, consultants, 

as well as collaborators from SEMARNAT, were conducted to acquire, discuss and 

compile the local information and database required as input to the toolkit. The team was 

divided into several working groups to facilitate discussions and information gatherings. 

A list of the project meetings is included in Appendix A. 
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4) Establish stakeholder engagement process and identify roles 

The roles of the stakeholders include providing data, contributing in policy discussions and 

outreach activities, reviewing reports, and participating in stakeholders meetings. 

 

Although there have been individual discussions with different ministries and stakeholders, 

the stakeholder meeting was delayed until late April because the project coincided with 

considerable changes in the government structure in Mexico. Furthermore, because of the 

compressed time frame, it was not possible to engage in extensive consultation with key 

stakeholders. The first meeting was structured to discuss and assess only the mitigation 

strategies of two sectors – cookstoves and transport – ranked as high priority by INECC and 

also because of the availability of information and opportunity to discuss with the 

stakeholders involved in these two sectors. Other sectors will be focus of future phases.  

 
The stakeholder meeting was held on April 26, 2013, attended by representatives from 

government agencies, academia, private sector, and civil society organizations. The 

morning session included keynote presentations on SLCPs from Sub-Secretary for Planning 

and Environmental Policy at SEMARNAT and the General Director of INECC, as well as 

overview of the GEF-supported project and CCAC initiatives. The afternoon session 

consisted of two parallel working group session on transport and cookstoves; the 

participants were engaged in discussing emissions and mitigation strategies. The Agenda, 

list of participants and summary of the working group sessions are included in Appendix A.  

 

 

2.2 Baseline Assessment and Inventory of Information Sources and Relevant 

Measures 

1) Relevant material on SLCPs sources and control measures in Mexico 

The main information on SLCPs emission sources in Mexico come from the Fifth National 

Communication to the United Nations Framework Convention on Climate Change (UNFCCC) 

[INECC-SEMARNAT, 2012] and from 2008 National Emissions Inventory (a preliminary 

database was provided by DGCAyRETC SEMARNAT for use in this project). 

- 2008 National Emissions Inventory (INEM-2008). Includes emissions estimates of 

volatile organic compounds (VOCs), carbon monoxide (CO), nitrogen oxides (NOx), 

sulfur dioxide (SO2), particular matter (PM10), and ammonia (NH3).  

- Fifth National Communication. Includes emissions of 6 GHGs controlled under Kyoto 

Protocol for the base year 2010 as well as historical emissions trends since 1990. This 

document also contains some estimation of black carbon emissions. 

The relevant data sets compiled by the SNAP project team were discussed with DGCAyRETC 

and compared with INEM-2008.  
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2) Institutions involved in compiling information relevant to SLCPs in Mexico 

In Mexico the government’s policy agenda on SLCPs is embedded in the National Climate 

Change policy. The Inter-ministerial Commission on Climate Change (ICCC) coordinates 

several public administrative agencies at the federal level with activities related to SLCPs. There 

is also an effort at the regional level including the Regional Climate Change Commission of the 

Yucatan Peninsula for the states of Campeche, Quintana Roo, and Yucatan. Within their 

authority, the states also establish local ICCC offices for coordinating appropriate public 

policies, designing or modifying their laws to address climate change issues in alignment with 

the federal government policy. The states are also in charge of developing a State Action Plan 

on Climate Change (PEACC). 

 
The public and private institutions at federal and local levels involved in compiling information 

relevant to SLCP are given in Table 1. 

 

Table 1. Institutions involved in compiling information relevant to SLCP in Mexico 

Ministry Information compiled 

SAGARPA (Ministry of 
agriculture and rural 
development) 

Information on the development status of the agricultural 
sector and the commitment to reduce CO2 emissions. 

SALUD (Ministry of health) 
Information about human health illness and hospital 
admissions due to air pollutants. 

SCT (Ministry of communication 
and transport) 

Information on the transport sector and infrastructure 

SEDESOL (Ministry of social 
development) 

Information on social and economic indicators 

SEMARNAT (Ministry of 
environment and natural 
resources) 

Responsible of environment policy. In charge of the 
development of the NEI and air quality monitoring at federal 
level. 

INECC (National Institute of 
Ecology and Climate Change) 

Responsible of environment research. In charge of the 
National Communications on climate change and the CO2 
baseline. 

CONAFOR (National 
Commission of Forestry) 

Responsible of the forestry sector. Information about 
wildfires, impacts and surface affected by fires in the 
country. 

SENER (Ministry of energy) 
Information on energy sector (e.g., fuel, energy efficiency), 
energy balance and energy prospective and PEMEX (oil 
and gas production) 

INEGI (National Institute for 
Statistics and Geography) 

Information on economic, environmental and social 
indicators. 

 
Relevant written materials about pollutant emissions including SLCPs are developed by 

SEMARNAT. There is also collaboration between the following institutions: Ministry of Energy 

(SENER), Federal Electricity Commission (CFE), Mexican Geologic Service, DuPont Mexico, 
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National Institute of Statistics and Geography (INEGI), Ministry of Economy (SE), National 

Forest Commission (CONAFOR), National Commission for the Knowledge and Use of 

Biodiversity (CONABIO), Ministry of Agrarian Territorial and Urban Development (SEDATU), 

National Water Commission (CONAGUA), and Ministry of Social Development (SEDESOL). 

 

3) Relevant initiatives for SLCP 

There is currently no dedicated national legislative framework to regulate specifically SLCPs in 

Mexico. Nevertheless, Mexico is taking several efforts to assess SLCP emissions and to foster 

mitigation measures through the National Communications and policies to improve air quality.  

 

Methane mitigation has been an important component of Mexico’s national policy on climate 

change. Landfill, wastewater treatment, fugitive emissions from oil and natural gas operations, 

and agriculture are key sources identified by national inventories of GHG emissions. They are 

also included as key sources in state inventories, with variations depending on the level of 

urbanization and emissions sources in each state. With regard to black carbon, the Government 

of the Federal District published in 2010 the first black carbon emissions inventory for the 

Metropolitan Area of Mexico City for the year 2008 [SMA-GDF, 2010]. The State of Mexico also 

recently published the emissions inventory for black carbon. Both inventories used the EPA 

methodology of estimating black carbon from PM2.5/BC speciation profiles.  

 

The emission sources of the precursors of tropospheric ozone and their impact on ozone 

concentrations in Mexico City and regional scales have received much attention in the past 

decade, both from analyses of ongoing air quality monitoring data and analyses of extensive 

datasets from two major field campaigns (MCMA-2003 and MILAGRO-2006) [Molina et al., 

2007; 2010]. Key findings and policy implications have been used by the government officials to 

design Mexico’s new air quality management program [PROAIRE 2011-2020]. The INEGEI 

uses IPCC’s procedures at Tier 1 and intermediate level. More details are needed in both 

inventories to include near-term climate impacts as a basis to define targeted mitigation 

measures. 

 

Mexico has several climate strategies in place that the SLCP project can contribute. Mexico 

adopted its Special Climate Change Program (PECC, for its acronym in Spanish) in 2009, which 

includes a set of mitigation and adaptation actions to be undertaken in all relevant sectors. A 

new Special Program on Climate Change is being prepared and will be available in mid- 2013. 

 

At COP15 in Copenhagen in 2009, Mexico committed voluntarily to reduce 30% of its GHG 

emissions (261 MtCO2e) by 2020, with respect to the BAU baseline scenario, provided the 

provision of adequate financial and technological support from developed countries as part of a 

global agreement. To fulfill its commitment, the Mexican government has set as a priority green 

growth, which encompasses a set of initiatives devoted to promote economic growth and equity 

among citizens preserving or incrementing environmental capital. The Low Emissions 

Development Strategy (LEDS) is the central element to green growth, focusing on low-carbon 

growth. LEDS is also supported by USAID as part of the collaboration between the US and the 
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Mexican governments. The LEDS and SLCP mitigation measures target the same sectors 

(transport, waste, agriculture, residential, industry, oil and gas, etc.) demonstrating the value 

that the assessments and demonstration undertaken under the SLCP project will have for the 

achievement of the LEDS’ objectives.  

 

Even though significant efforts are underway in Mexico to assess the sources of SLCP, these 

efforts have not yet led to a national emission inventory covering all the main sources and 

guiding SLCP mitigation strategies in an integrated manner. Mexico recognizes the importance 

of using an integrated mitigation approach in line with better knowledge on the specific sources 

of SLCP to develop and implement more targeted priority mitigation measures. The Mexican 

government, via INECC, is conducting a pilot project on integrated assessment of SLCPs to 

contribute to the development and implementation of a more comprehensive and sustainable 

LEDS for Mexico through an integrated assessment of SLCP and the demonstration of targeted 

mitigation policies for near-term climate protection and the co-benefits on energy efficiency, 

human health, crop production and ecosystems. This project will assess key emissions sources 

of methane, black carbon and other co-pollutants, appropriate mitigation policies and their 

relative cost/benefits and co-benefits, and the means by which SLCPs could be integrated and 

mainstreamed into existing policy-making processes, taking into consideration the opportunities 

and barriers to implementation, and enabling activities that can help overcome identified 

financial, institutional, technical and socio-political barriers. The pilot project is sponsored by 

Global Environment Facility and collaboration between Mexico, UNEP and MCE2. It is being 

executed by MCE2 in coordination with INECC and involving the participation of Mexican and 

international experts in science and policy of SLCPs. 

 

On June 3, 2013, Mexico’s President Peña Nieto launched the National Strategies on Climate 

Change, which includes SLCP as one of the key components for mitigation.8 This will greatly 

facilitate the national planning process for SLCP in Mexico and the integration of SLCP 

strategies to the green growth/ low carbon development program.   

 

4) Public policy initiatives that have been implemented in Mexico in the past  

Mexico has implemented several initiatives to reduce SLCP emissions in the climate change 

context and in order to improve air quality. These initiatives were developed in different areas 

such as research, legal, mitigation measures of climate change, and Clean Development 

Mechanism (Mecanismo de Desarrollo Limpio, MDL).  

 

Tables 2-6 list some of the initiatives relevant to SLCPs that have been implemented in Mexico 

at the federal and the state levels. 

  

                                                           
8
 http://www.encc.gob.mx/ 
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Table 2. Initiatives relevant to SLCP 

Initiative Main objective 

Participation in the Global Methane 
Initiative 

- To encourage actions to fight climate 
change while developing clean energy 
and stronger economies 

National Inventory of GHG emissions 
(since 1995) 

- To generate information about the current 
state of the GHG problem 

- At state level: State Inventory of GHG 
emissions  

- National level (1990 - 2010) 

National Emissions Inventory (since 1999) - To generate information about the 
emissions sources of pollutants, level and 
kind of pollution in the country 

Black carbon Inventory of Mexico city 
(since 2008) 

- To generate information about the current 
state of the BC problem 
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Table 3. Legal framework relevant to the SLCP initiatives 

Initiative Main objective 

Open burning - Technical specifications (NOM 015-SEMARNAT-SAGARPA) for 
open burning in forest and agricultural areas  

- Ley General para la Prevención y Gestión Integral de los 
Residuos

a
 (General Law for waste reduction and management) 

Air quality (waste burning) - Technical specifications and limits for the emission of air 

pollutants generated by waste open burning. (NOM-098-

SEMARNAT-2002) 

Air quality (transport) - Maximum permissible limits of emissions of pollutant gases 
generated by automotive vehicles in circulation that use liquid 
petroleum gas, natural gas or other alternative fuels as fuel. 
(NOM-050-SEMARNAT-1993) 

- Maximum permissible limits of emission of total or non methane 
hydrocarbons, carbon monoxide, nitrogen oxides and 
particulates originating from the exhaust of new automotive 
vehicles whose gross vehicle weight does not exceed 3,857 
kilograms, that use gasoline, liquid petroleum gas, natural gas 
and diesel, as well as the emissions of evaporative 
hydrocarbons coming from the fuel system of vehicles. (NOM-
042-SEMARNAT-2003) 

- Maximum permissible limits of emission of total or non methane 
hydrocarbons, carbon monoxide, nitrogen oxides and 
particulates originating from the exhaust of new automotive 
vehicles whose gross vehicle weight does exceed 3,857 
kilograms, that use gasoline, liquid petroleum gas, natural gas 
and diesel, as well as the emissions of evaporative 
hydrocarbons coming from the fuel system of vehicles. (NOM-
044-SEMARNAT-2006) 

- Maximum permissible limits of emission of pollutant gases 
originating in automobiles in circulation that use gasoline as a 
fuel (NOM-041-SEMARNAT-2006) 

- Maximum permissible limits of opacity, testing procedure, and 
technical characteristics of the measuring equipment, for 
vehicles in circulation that use diesel as fuel (NOM-045-
SEMARNAT-2006) 

- Maximum level of CO2 emissions and their equivalence and fuel 
efficiency. (NOM-163-SEMARNAT-ENER-SCFI-2013) 

- Fuel technical specification for environmental protection 
(NOM-086-SEMARNAT-SENER-SCFI-2005)

b
 

Air quality: fixed sources - Maximum permissible levels of emission (pollutants) to the 
atmosphere of solid particulates originating from point sources 
(NOM-043-SEMARNAT-1993) 

- Maximum permissible levels of combustion emissions from point 
sources and their measurements (NOM-085-SEMARNAT-2011) 
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Initiative Main objective 

Air quality: atmospheric 
pollution 

- Control of emissions of sulfur compounds in desulfurizing plants 
of gas and sour condensate (NOM-137-SEMARNAT-2003) 

Stratospheric ozone 

(ozone layer) 

- Energy efficiency, Requirements of Security to the User and 
Elimination of Chlorofluorocarbons (CFC'S) for refrigeration 
equipment (NOM-022-ENER/SCFI/ECOL-2000) 

Air quality: atmospheric 
pollution 

- Limits on maximum volatile organic compound (VOCs) content 
from painting emitted to the atmosphere (NOM-121-
SEMARNAT-1998) 

Air Quality: standards - NOM-020-SSA1-1993. ozone health standard level 

- NOM-021-SSA1-1993. CO health standard level 
- NOM-022-SSA1-1993. SO2 health standard level 
- NO2 NOM-023-SSA1-1993 NO2 health standard level 
- TSP, PM10, PM2.5 NOM-025-SSA1-1993 Particles health 

standard level 

- NOM-026-SSA1-1993. Lead health standard level  

Sources:  
a
Ley General para la Prevención y Gestión Integral de los Residuos, Artículo 100, fracción II 

http://www.diputados.gob.mx/LeyesBiblio/pdf/263.pdf 
b
NOM-086-SEMARNAT-SENER-SCFI-2005 

http://www.profeco.gob.mx/juridico/normas/noms_economia.asp 

All NOM for environment (fixed sources, emissions, air quality)  
SEMARNAT, 2013 (http://www.semarnat.gob.mx/leyesynormas/Pages/inicio.aspx) 

  

http://www.profeco.gob.mx/juridico/normas/noms_economia.asp
http://www.semarnat.gob.mx/leyesynormas/Pages/inicio.aspx
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Table 4. Mitigation measures from the Special Program on Climate Change (2009-2012)9 

SECTOR Subsector Mitigation Measures 

Energy 
Sector 

Oil production 
Reduce fugitive emissions in the production, transportation and 
distribution of natural gas. Goal: 1.20 MtCO2eq (2009 - 2012) and 
0.30 MtCO2eq/year (in 2012). 

Electricity 

Reduce leaks of SF6 in the transmission of electricity and the 
distribution of electricity. Goal: Establish a program to reduce 
leakage of SF6 in transmission systems and power distribution of 
the Federal Commission of Electricity (CFE) in 2010. 

Transport 
Sector 

Road transport 

Reduce GHG emissions by annual savings in the consumption of 
diesel and gasoline equivalent to 16 PJ from the transportation 
program of the National Commission for the Efficient Use of 
Energy (CONUEE): 1.20 MtCO2eq (2008-2012); 0.40 MtCO2eq / 
year (in 2012). 

Road transport 

Reduce GHG emissions by incorporating freight companies and 
passenger and cargo service transport in the program of "Clean 
Transportation" (SEMARNAT) that promotes improvements in 
transport: 2.70 MtCO2eq (2008-2012); 0.90 MtCO2eq / year (in 
2012). 

Road transport Reduce greenhouse gas emissions as a result of the scrapping of 
15,100 federal motor vehicles: 1.10 MtCO2eq / year (in 2012). 

Road transport 
Develop four financing schemes to meet different transport sub-
sectors that make it possible for the renewal of 40,000 vehicles / 
year. 

Off-road transport 
Reduce GHG emissions by increasing the share of rail transport in 
the federal land freight (from 26% to 28.3% in terms of ton/km): 
3.90 MtCO2eq (2009-2012); 1.60 MtCO2eq/year (in 2012). 

Road transport 

Increase the proportion of metropolitan areas and cities with over 
100,000 inhabitants with projects to modernize public transport 
from 36% in 2006 to 100% in 2012, which the development of 
transport systems and rapid bus lanes confined. (PROTRAM, 
FONADIN).  

Road transport 

Reduce greenhouse gas emissions by replacing low-capacity 
passenger buses with commissioning of Systems 1, 2 and 3 of the 
Suburban Train in the Metropolitan Area of Mexico City: 0.42 
MtCO2eq (2009-2012); 0.17 MtCO2eq  (2012). 

Off-road transport 
Remove 400 fishing boats (shrimps) with overfishing and 
abatement savings of 77.3 million liters of diesel annually: 0.60 
MtCO2eq (2009-2012); 0.22 MtCO2eq (in 2012). 

Residential, 
commercial 
and municipal 
administration 

Residential  
Install 600,000 efficient cookstoves, as part of the replacement 
project for ecological open fires stoves: 1.62 MtCO2eq (2008-
2012); 1.62 MtCO2eq / year (in 2012). 

                                                           
9
 A new Special Program on Climate Change is being prepared and it will be available in mid 2013. 
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Agriculture 
Sector 

Sugarcane 
Promote the harvesting of green sugarcane: 188.000 ha of the 
industrial sugarcane area, during the period 2008-2012: 0.43 
MtCO2eq (2008-2012); 0.14 MtCO2eq (in 2012). 

Agriculture 

Promote conservation tillage practices of soil on 250,000 ha of 
agricultural land, through support for the purchase of machinery 
for conservation tillage (5,000 machines in the period) and other 
sustainable practices: 0.60 MtCO2eq (2008-2012); 0.19 MtCO2eq 
(in 2012). 

Waste Sector 

Municipal solid waste 

Avoid uncontrolled emissions of methane from disposal sites of 
municipal solid waste by controlled burning or energy use. Goal: 
Develop 29 projects to reduce or eliminate GHG emissions in 
landfills: 7.56 MtCO2eq (2008-2012); 4.44 MtCO2eq / year (in 
2012). 

Wastewater treatment 

Reduce fugitive emissions of methane and use biogas for power 
generation in the wastewater treatment plant of Atotonilco, 
Hidalgo: 0.50 MtCO2eq/year (in 2012). 

Reduce fugitive emissions of methane and use biogas for power 
generation in two wastewater treatment (El Ahogado and Agua 
Prieta) located in the metropolitan area of Guadalajara, Jalisco: 
0.52 MtCO2eq/year (in 2012). 

Source: Special Program on Climate Change 2009-2012. SEMARNAT, 2009. 
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Table 5.  Mexico projects registered as Clean Development Mechanism 

Date 
Registered 

Title Partners 
Expected 

Reductions* 
Reduction 
achieved 

08-Jan-06 

AWMS GHG Mitigation Project 
MX05-B-03, Sonora, Mexico: 
Greenhouse gas mitigation from 
improved animal waste 
management systems in confined 
animal feeding operations 

Switzerland, 
United 
Kingdom  

127,914 120 

15-Oct-06 

AWMS Methane Recovery Project 
MX06-S-40, Puebla, Mexico: 
Mitigate and recover animal effluent 
related GHG by improving animal 
waste management system 

Switzerland, 
United 
Kingdom  

19,087 509 

16-Oct-06 

AWMS Methane Recovery Project 
MX06-S-38, Tamaulipas, Mexico: 
Mitigate and recover animal effluent 
related GHG by improving animal 
waste management system 

Switzerland, 
United 
Kingdom  

73,368 514 

26-Nov-06 

AWMS Methane Recovery Project 
MX06-S-25, Coahuila, Mexico: 
Mitigate and recover animal effluent 
related GHG by improving animal 
waste management system 

Switzerland, 
United 
Kingdom  

12,752 653 

17-Jun-07 

AWMS Methane Recovery Project 
MX06-S-96, Mexico and Puebla, 
México: Mitigate and recover animal 
effluent related GHG by improving 
animal waste management system 

Switzerland, 
United 
Kingdom  

10,589 1,094 

12-Jun-09 
Factory energy efficiency 
improvement in compressed air 
demand in Mexico 

Japan 742 2,485 

30-Nov-09 Landfill Gas Management Project 
Puerto Vallarta Landfill site, Mexico  

52,267 1,699 

25 Dec 10 
CEMEX Mexico: Alternative fuels 
and biomass project at Zapotiltic 
cement plant 

United 
Kingdom  

47,043 3,881 

30-May-11 

BRT Lines 1-5 EDOMEX, Mexico: 
Mitigate and recover animal effluent 
related GHG by improving animal 
waste management system 

Switzerland, 
Portugal 

145,863 3,869 

06-Jun-11 
Factory energy efficiency 
improvement in deodorizer of 
ceramic kiln in Mexico 

Japan 7,324 4,468 
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Date 
Registered Title Partners 

Expected 
Reductions* 

Reduction 
achieved 

21-Jul-11 
ECC methane capture and 
combustion from AWMS at dairy 
farms in Mexico. 

United 
Kingdom  

45,757 4,711 

10 Aug 11 BRT Metrobus Insurgentes, Mexico Spain 46,544 4,945 

24-Oct-11 
CEMEX Mexico: Alternative fuels 
and biomass project at Tepeaca 
cement plant 

United 
Kingdom  

103,359 4,569 

24-Oct-11 
CEMEX Mexico: Alternative fuels 
and biomass project at Merida 
cement plant 

United 
Kingdom  

41,513 4,579 

10-Feb-12 BRT Macrobus Guadalajara, Mexico Spain 54,365 5,437 

06-Sep-12 CEMEX Mexico: Biomass project at 
Tamuín cement plant 

United 
Kingdom  

47,853 7,155 

12-Sep-12 Metro Line 12, Mexico City Switzerland 136,983 5,735 

14-Sep-12 
Energy efficiency improvement of 
gas fired ceramic production kiln in 
Mexico 

Japan 9,294 6,246 

24-Sep-12 BRT Metrobus 2-13, Mexico Switzerland 134,601 7,235 

05-Nov-12 CEMEX Mexico: Biomass project at 
Huichapan cement plant 

United 
Kingdom  

51,357 8,035 

11 Dec 12 
CEMEX Mexico Alternative fuels 
and biomass project at Atotonilco 
Cement Plant. 

United 
Kingdom  

68,579 8,615 

Source: UNFCC, http://cdm.unfccc.int/Projects/projsearch.html (March 2013)  

*Estimated emissions reduction in metric tonnes of CO2(eq) per year. 

  

http://cdm.unfccc.int/Projects/projsearch.html
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Table 6. Regional and states initiatives in Mexico 

State Initiative 

Guanajuato Operation of the biodigester plants in wastewater treatment for the generation 
of electricity, with a processing capacity of 16 000 m

3
 of biogas emitted daily. 

Installing an efficient brick kilns for the production of handmade bricks with low 
emissions in the Refugio producer sector, Leon. 

Yucatán Implementation of a biodigester project for small and medium farms (pork 
subsector). Is expected in the second half of 2012 was reduced to 95% of 
pollutants released by this productive activity and prevent the emission of 
around 32,000 tCO2 eq. 

Baja California  Actions for the modernization of public transport in the cities of Tijuana and 
Mexicali. A private enterprise develops a model for the biodigestion and the 
change of livestock feeding to reduce methane gas (SPABC, 2012). 

Distrito Federal Policies to improve air quality, taxi replacement program, restriction in 
circulation program (Hoy No Circula) and vehicle inspection program, replacing 
buses for medium capacity minibuses, Metrobus transport implementation, 
bicycle mobility strategy and busing program. 

Expansion of the compost plant at the Bordo Poniente, which contributes 5.3% 
to the reduction of emissions. 

Build the Bordo Poniente landfill to capture, exploitation and utilization of biogas 
and electric power generation, which will reduce at least 2 MtCO2 eq. annual 

Jalisco  Operation of the “Macrobús” in the Metropolitan Area of Guadalajara (ZMG), 
with a corridor of 16 km, 27 stations, 15 feeder routes and 41 articulated buses, 
which provide service to 125,000 trips day at the rate of 6,000 passengers per 
hora.120 Additionally, the citizen Council non-motorized bicycle paths and 
designed and implemented cycle routes in the ZMG. In January 2009, 
implementation of the Car Share Program. 

Nuevo León The government is building an “Ecovia” which is estimated to decrease annual 
emissions of 16,750 tCO2 eq. In the short term, they planned the expansions in 
the infrastructure of the metro systems, the introduction of a commuter train and 
a bus rapid transit system, traffic signal improvements in infrastructure, bridges, 
bike lanes and vehicle fleet maintenance. (SEDESNL, 2012). 

Increase from 12.72 to 16.96 MW capacity for electricity generation projects in 
biogas from landfills Integral System for Ecological Management and Waste 
Processing (SIMEPRODE). The emission reduction is 125,000 tCO2 eq. per 
year. 

Tamaulipas Vehicle inspection program (SEDUMA, 2012). 

Morelos Construction of a methane burner landfill in Tetlama. 

Oaxaca 16 landfills were constructed, with a capacity of 284 tons of waste per day 
(IEEDSEO, 2012). 

Puebla Construction of 11,978 cookstoves and in coordination with municipalities and 
social organizations, building of 3,584 additional cookstoves that decreased 
from 40% to 60% of wood consumption, and indoor pollution (SESAOT, 2012). 

Source: Mexico Fifth National Communication; INECC-SEMARNAT, 2012. 
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CHAPTER 3 THE  NATIONAL CONTEXT:  EMISSION  SOURCES AND THE  

IMPACT OF RELEVANT MEASURES TO REDUCE EMISSIONS 

 

 

This Chapter is divided into five sections. Section 3.1 presents the sources and trends of SLCPs 

in Mexico that are currently available, mainly from the Fifth National Communication [INECC-

SEMARNAT, 2012]; Section 3.2 presents the key sources of SLCP in Mexico for the year 2010; 

Section 3.3 describes the key sources of SLCPs and likely progression under a reference 

scenario constructed from this Project; Section 3.4 lists the identified measures to reduce 

SLCPs in Mexico; Section 3.5 describes the emissions reduction and co-benefits of 

implementation to reduce the impacts. 

 

 

3.1 Sources and Trends of SLCPs in Mexico 

 

In Mexico, the reduction of short-lived climate pollutants have been addressed under policies 

aimed at improving air quality and reducing greenhouse gas emissions. In recent years, efforts 

to reduce two of the most abundant short-lived climate pollutants, black carbon and methane, 

have been focused on their contribution to improve human health, reduce local emissions to the 

atmosphere and slow the rate of global warming. In this way, the agenda of air quality and 

climate change have converged to indirectly mitigate and control short-lived climate pollutants in 

the country. 

 

According to the Fifth National Communication presented to the UNFCCC [INECC-SEMARNAT, 

2012], between 1990 and 2010, the rate of growth for black carbon10 in Mexico was estimated at 

2% per year and increased from 70.4 Gg to 104.5 Gg (Figure 2). 

 

 

 

  

                                                
10

 The preliminary emissions estimates were based on activity rate from all combustion sources reported 
in the National Greenhouse Gas Emissions Inventory provided by INECC and the emissions factors 
reported in the literature. 



 
 

Supporting National Planning for Short-lived Climate Pollutants Initiative (SNAP) in Mexico       39 

 

 

Figure 2: Emissions (Gg) of black carbon in Mexico (1990-2010)11 
(Source: Mexico Fifth National Communication; INECC-SEMARNAT, 2012). 

 

The main emissions sources of black carbon are diesel and gasoline fuels from transport, 

residential emissions from cookstoves and the agricultural sector, which contribute about 75% 

of the total emissions of black carbon in 2010 (Figure 3). 

 

                                                
11

See Footnote 10. 
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Figure 3: Emissions (Gg) of black carbon by sectors in Mexico (1990-2010)  
(Source: Mexico Fifth National Communication; INECC-SEMARNAT, 2012). 

 

 

In the case of methane, between 1990 and 2010, the rate of growth for methane in Mexico was 

estimated at 2.4% per year and increased from 4,968 Gg to 7,939 Gg (Figure 4). 
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Figure 4: Emissions (Gg) of methane in Mexico (1990-2010)  
(Source: Mexico Fifth National Communication; INECC-SEMARNAT, 2012) 

 

 
The key methane emissions for Mexico come from sources such as livestock (enteric 

fermentation), waste management (wastewater treatment, landfills, and manure) and from the 

production processes of petroleum and gas. Enteric fermentation from cattle and fugitive 

emissions from oil production were the two main sources of methane between 1990 and 2010 

(Figure 5), which account for 58% of the total emissions in the country.  
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Figure 5: Emissions (Gg) of methane by sectors in Mexico (1990-2010)  
(Source: Mexico Fifth National Communication; INECC-SEMARNAT, 2012) 

 

In recent years, black carbon and methane emissions have increased in spite of the mitigations 

actions developed in Mexico. It is important to integrate mitigation measure for SCLP into 

existing air pollution control strategies and other activities already implemented, thus, achieving 

emission abatement co-benefits. 

 

Although methane and black carbon are the most abundant SLCP, ozone is also an abundant 

SLCP.12 As mentioned above, ozone is a secondary air pollutant and it is produced through 

atmospheric reactions of carbon monoxide, nitrogen dioxide, methane and non-methane volatile 

organic compounds in the presence of sunlight. Fugitive emissions from coal mining and fossil 

fuel production and consumption are some of the sources of ozone precursors. 

 

                                                
12

 In some of the large cities in Mexico (e.g., Mexico City, Guadalajara), ambient ozone concentration 
levels are higher than the air quality standards. Source: SEMARNAT-INECC (.2012) Cuarto almanaque 
de datos y tendencias de la calidad del aire en 20 ciudades mexicanas. p. 410. 
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3.2 Key Sources of SLCPs in Mexico in 2010 

From analysis of previous inventories in Mexico, the 9 key sectors of black carbon and methane 

are fossil fuel extraction and distribution, transport, agriculture, waste, wildfires, residential,  

industry processes, power generation, energy demand from industry and services (Figure 6).  

 

Figure 6: Sources of black carbon and methane for Mexico in 2010 

(Source: This project) 
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In addition to being important sources of methane and/or black carbon that contributed to global 

warming, these sectors are identified as well for their potential co-benefits to air quality 

improvement. 

 

For black carbon, the key emitting sources are tillage, sugarcane pre-harvest burning, wildfires, 

municipal solid waste (open burning), cookstoves (residential sector), brick production, flare 

emissions from oil and gas, transport,13 industry and services. For methane, the key sources are 

livestock (enteric fermentation and manure), production of oil and gas, coke and coal 

production, wastewater treatment plants, municipal solid waste (landfills) and metal smelters 

(pig iron). 

 

3.2.1 Methane emissions 

For the baseline construction, an extensive review and evaluation of the main sources 

considered in the National Inventory of Greenhouse Gas Emissions was carried out, including 

analysis of the activity rate and emission factors to improve the methodology and the 

calculation. In addition to the inventory from the 5th National Communication, this project also 

compiles and evaluates the data from other sources, including an update of fugitive oil and gas 

emissions provided by PEMEX to INECC. Detailed description of the methodology for the 

baseline construction is included in Appendix D. 

 

In 2010 total emissions of methane were 4,165 Gg. The largest source of methane was 

livestock (enteric fermentation) with 1,808 Gg, representing 43% of the total methane emissions 

(see Figure 7). Landfill contributed 976 Gg (23%) to methane emissions; oil and gas production; 

455 Gg (11%);14 municipal wastewater treatment, 429 Gg (10%); coal mining, 312 Gg (7%); 

cookstoves, 78 Gg (2%); livestock (manure management), 1% (44 Gg); and others, 63 Gg (2%). 

Emissions from sugarcane burning, open waste burning, forest fires, brick kilns, power 

generation, industry energy demand and transport were included in the “others” category; their 

contribution to methane emissions is smaller compared with the first five categories.   

 

It is worthy to note the uncertainty in the emissions estimates of SLCP for some categories, for 

example, the oil and gas category can move from the first place as emitter of SLCP and GHG to 

the third place. This uncertainty applies to all the emission categories and the priorities to 

control emissions per category can be incorrectly ranked. Nevertheless, it is important to 

mention that emission control for each of the highest emitters is necessary and urgent, 

independently of their ranking in the prioritization.  

 

                                                
13

The analysis does not consider emissions from non-road transport modes: aviation, shipping (both sea 
and inland), farm equipment, construction equipment and rail. 
14

 Oil and gas data were provided by PEMEX to INECC. For methane emissions: venting and fugitive 
emissions were considered 100% methane, with a GWP=21 used by Pemex 
(www.geimexico.org/downs/reportes2011/PEMEX-2010_OK.pdf) although this value could be larger as 
mentioned in Chapter 1. In the case of burner emissions, only 4.6% of the CO2eq emissions were 
considered to be CH4. 

 

http://www.geimexico.org/downs/reportes2011/PEMEX-2010_OK.pdf)
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Figure 7: Methane emissions (Gg) by sources in 2010 
(Source: Preliminary estimates for the Mexico SNAP using the LEAP Toolkit) 

 

 Emissions from oil and gas 

Emissions from oil and gas were generated from venting, burning and leaks from 

PEMEX Exploration and Production facilities (PEP), PEMEX Refining Process (PREF), 

PEMEX Gas and Basic-Petrochemistry (PGBP) and PEMEX Petrochemistry (PPC). 

Methane emissions coming from combustion equipment, hydrogen regeneration plant or 

shale gas were not considered.15 

Fugitive emissions from oil and gas were generated from venting, burning and leaks 

from PEMEX facilities. In 2010, there were 455 Gg and representing 11% of total 

emissions. 

                                                
15

 Data provided by PEMEX to INECC. 
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 Livestock (enteric fermentation and manure management) 

Methane emissions for livestock come from two main sources: enteric fermentation and 

manure management. In 2010, 8.3% of the total heads of livestock were cattle (mainly 

for beef production), 4.4% were goat and sheep, 3.9% were pigs and 82.9% were 

poultry. The rest (0.5%) were horses, mules and asses. For the projections between 

2010 and 2030 an historical growth was calculated using data from 1998 and 2010. 

The livestock historical data and emission factors come from the national agriculture 

industry greenhouse gas emissions inventory update for Mexico for the period 1990 -

2010 and prepared for INECC in 2012. 

In terms of pollutants activities, enteric fermentation from cattle and manure 

management were the principal sources of methane. In the baseline scenario, the 

enteric fermentation was the most important source of methane in the livestock sector 

with 1,808 Gg, 98% of methane emissions of the category. Figure 8 shows the 

contribution from each livestock in this category. 

 

 

Figure 8: Methane Emissions (Gg) from livestock  
(enteric fermentation and manure) in 2010 

(Source: Preliminary estimates for the Mexico SNAP using the LEAP Toolkit.) 

 

 Municipal solid waste (MSW) in landfill  

In 2010, the waste generation is estimated to be about 0.977 kg per day per capita 

[INEGI, 2012]. To construct the baseline, six categories are used in the waste 

composition: food, garden, paper, wood, textile, nappies and plastic/other inert. Four 
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waste management categories were used: shallow un-managed, deep un-managed,  

semi-aerobic managed, and uncategorized16. 

The BAU growth rate is the same as the Mexican population growth rate [CONAPO, 

2010]. An adjustment for the waste generation was made considering an increase from 

0.98 kg in 2011 to 1.26 kg in 2030. The distribution by waste management type is 

constant at 2010 values to 2030. The main emission considered from landfill was 

methane; the estimated emission was about 976 Gg in 2010, and represents 23.4% of 

total methane emissions. In this sector only 70% of the MSW is collected and disposed 

in landfills. 

 

 Domestic wastewater treatment and discharge  

For performing the projections a growth rate based on the historical trend of wastewater 

generation was applied; the treated wastewater will increase up to 60% in 2030. Four 

treatment types were considered: aerobic treatment plant, aerobic lagoon, septic tank 

and untreated. 

The Biochemical Oxygen Demand (BOD) per capita for 2010 was 18.25 kg and the 

correction factor used was 1.25 because this includes not only municipal wastewater but 

also some industrial processes. In the lagoon type treatment around 8 kg of CH4 are 

recovered per habitant. In 2010 an important amount of wastewater was untreated 

(46%) and it was disposed directly into rivers or other water bodies17. The population 

considered for 2010 is 114,289,000 habitants [CONAPO, 2010]. 

The main source of methane from wastewater treatment was from the septic tank 

treatment type with 180 Gg. Aerobic treatments also contributed to methane emission 

because of the low efficiency of the treatment. 

 

 Coal Mining 

Activity rate information comes from the Minerals Yearbook of Mexico [USGS, 2010]. 

Methane emissions from coal mining were 312 Gg in 2010 representing 7% of total 

methane emissions. Control for emissions from this sector is suitable for the 

implementation of capturing and using methane. 

 

 

3.2.2 Black carbon emissions 

The BC emissions inventory uses the latest activity rate from projects and reports; some of 

those were not included in the 5th National Communication and therefore differences can be 

observed. The main source of black carbon is the oil and gas industry, contributing 50% (24 Gg) 

of the emissions (Figure 9). This is followed by residential (cookstoves) 13% (6.2 Gg); industry 

                                                
16

 (INEGEI) 2013 Inventario Nacional de Emisiones de Gases de Efecto Invernadero 1990-2010, and  
SEMARNAT, 2012. Diagnóstico Básico para el Manejo Integral de los Residuos, 2012. 
17

  INE-SEMARNAT 2012 “Actualización del Inventario Nacional de Emisiones de Gases de Efecto 
Invernadero 1990-2010 en el Sector de Desechos”  IIE para INE-SEMARNAT Convenio FPP-2011-26. 
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energy demand 10% (4.8 Gg); pre-harvest burning of sugarcane 7% (3.5 Gg); transport sector, 

7% (3.4 Gg); municipal solid waste open burning (MSWOB) 5% (2.4 Gg) and coke 3% (1.4 Gg). 

Others (service energy demand, brick kilns, tillage, power generation, pig iron and wildfires) 

contribute 4% (2.0 Gg). Appendix D summarizes the methodology used in the baseline 

construction for this project. It should be noted that the range from BC emissions due to 

uncertainties are from 50% to 200% of the estimated values [Bond et al, 2004].  

 

 

Figure 9: Black carbon emissions (Gg) by sources in 2010 
(Source: Preliminary estimates for the Mexico SNAP using the LEAP Toolkit.) 

 
 

 Oil and gas 

The main contributors of BC emissions in the oil and gas category are exploration and 

production (98.8%) and refineries (1%).The black carbon emissions mainly consider the 

material sent to flaring from the different production areas in PEMEX. Combustion 

sources (i.e., heaters, boilers) contribution to the BC emissions is less than 0.1%. 
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 Transport 

In 2008 the total Mexican auto fleet was composed of 26.6 million vehicles. To make the 

growth projections, the GDP ratio was used. For heavy-duty vehicles the national GDP 

growth rate was assumed in the projections with an elasticity of 1.3695. For the light-

duty vehicles the elasticity was 0.859 based on a study by AT Kearney [2011].Vehicle 

sales grow as a function of GDP and GDP per capita were assumed to be 3.2% and 

2.36% respectively for 2008-2030. An income elasticity of 0.859 (AtKearny et al., 2011) 

and GDP per capita dependence was assumed for light duty vehicle sales with an 

annual growth sales rate of 2%. An income elasticity of 1.3695 was considered for both 

commercial heavy-duty vehicles (with GDP dependence) and passenger heavy-duty 

vehicles (with GDP per capita dependence) with annual growth sales rates of 4.4% and 

3.2%, respectively. 

The fleet was categorized by vehicle type, fuel type and vehicle model. The total fleet 

was divided in 15 categories of vehicles (diesel and gasoline). Emissions from vehicles 

contribute about 3.4 Gg, which represents 7% of the total emissions of BC. The most 

important contributors are heavy-duty diesel vehicles. 

 

 Cookstoves (wood-burning) 

The use of wood in rural areas leads emissions of black carbon in this sector. In Mexico 

there are 26.6 million of households [INEGI, 2010] and 7.9 million are located in rural 

areas [CONAPO, 2010b]. Around 4 million of households in the rural area use wood to 

cook their food, 24% combine with gas and 76% use only wood [GIRA, 2012]. The 

residential BC emissions are 6.2 Gg, representing 13% of the total BC emissions in 

2010. Black carbon emissions have an uncertainty in the emissions from 59% to 170% 

(Appendix C). Therefore the black carbon emissions range from 3.7 Gg to 10.5 Gg. 

 

 Open burning of municipal solid waste. 

The open burning of municipal solid waste (MSWOB) is a common practice in Mexico 

mainly in the rural areas; however in the regulation on waste (LGPGIR), there is a ban 

on waste open burning. The baseline considers only the open burning of municipal solid 

waste in the rural areas and only 40% of their residues were burnt. In 2010, the 

generation per capita of waste was 0.977 kg /hab per day and it is estimated that 40% of 

the population in rural areas burned their waste. The solid waste produced and burnt 

was around 3.7 Tg. Thus, the estimated BC emissions are about 2.4 Gg (5% of total 

BC). In future analysis the burning of MSW in urban areas will be considered also. 

 

 Forest and grass land fires 

In 2010 there were 138 million hectares18 of forest in Mexico and 6,125 forest fires in the 

country were registered, affecting a surface of about 114,700 hectares, of which 89.3% 

corresponded to areas with grass, shrubs and scrubs and 10.6% to forested areas. The 

                                                
18

 Presidencia de la República. Quinto Informe de Gobierno, 2011. 



 

50  Supporting National Planning for Short-lived Climate Pollutants Initiative (SNAP) in Mexico 

 

states with the greater number of fires were: Mexico, Federal District, Michoacán, 

Chihuahua, Puebla, Chiapas, Baja California, Oaxaca, Veracruz and Jalisco, which 

represent 78.9% of the national total. The states with greater affected surface were: Baja 

California, Oaxaca, Guerrero, Chiapas, Chihuahua, Michoacán, Jalisco, Puebla, 

Quintana Roo and Sonora, which represent 72.6% of the national total. On average, 

each fire affected 18.7 hectares of forest19. 

In order to perform the analysis, the forest fires were separated by forest vegetation type 

in four categories and for each category a particular emission factor20 was considered for 

each pollutant. In 2010, BC emissions from grassland, bushes, sapling and forest were 

0.85 Gg and representing 1.7% of the total BC emissions. 

 

 Agriculture  

In 2010, a surface estimation21 of 22 million hectares were cultivated and 17 million 

hectares were harvested in Mexico consisting of around 296 agricultural products. In this 

year, an average of 78.5% of the cultivated area used tractors and other machinery for 

cleaning and cultivating. This average was calculated using the level of mechanization 

by product.22 The black carbon emission from tillage in 2010 were 0.23 Gg representing 

0.5%. 

The other agricultural activity that contributes to black carbon was sugarcane pre-

harvesting burning. In 2010 there were 703,943 hectares for sugarcane production that 

produced about 50.42 Tg of sugarcane, with an average of 71.62 Mg per hectare. The 

largest producing state in Mexico is Veracruz with 37.6% of the total harvest area. Other 

main producers are: Jalisco (9.1%), San Luis Potosi (8.5%) and Oaxaca (8.5%).23  

During 2010, 82.5% of the total sugarcane field was burned before harvesting the cane 

in order to facilitate the process and require less manual labor. In the burning process, 

the field is set to fire and the leaves are burned off of the stalks. The other 17.5% used 

modern technology for harvesting. The total emissions of black carbon in 2010 were 3.5 

Gg of black carbon (7%) of the total BC emissions. 

 

 Services energy demand 

In this initial phase, services include only residential and commercial activities. The data 

were taken from the Energy Information System [SENER, 2011]. The fuels considered 

                                                
19 

CONAFOR 2011.  Reporte semanal de resultados de incendios forestales 2010.  Datos Acumulados 
del 01 de enero al 31 de diciembre de 2010. 
20

 The vegetation type emission factors were obtained from INEM-2008. 
21

 To estimate the value in 2010, historical data of 2008 was used and an average of 0.08% historical 
growth of cultivated surface between 1998 and 2008. 
22

 Mechanization Factor comes from: Estadística de uso tecnológico y de servicios en la superficie 
agrícola. Cuadros tabulares 2011, SIAP, 2012.  

http://www.siap.gob.mx/opt/agricultura/tecnificacion/Estadistica.pdf 
23

 SIAP, 2013. Service for Food and Fisheries, SAGARPA. www.siap.gob.mx. 

http://www.siap.gob.mx/
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for this sector were LPG, kerosene, heavy oil, natural gas, and Diesel. The black carbon 

emissions were 0.36 Gg in 2010. 

 

 Industrial energy demand 

Industry includes steel, chemical, paper and cellulose, food, beverage and tobacco, 

cement, construction, mining and other industries. The data were taken from the Energy 

Information System24 [SENER, 2011]. The fuels considered for this sector were coal, 

LPG, kerosene, heavy oil, natural gas, coal coke, petroleum coke, kerosene, bagasse, 

crude oil and Diesel. BC emissions from this sector are 4.8 Gg, representing 10% of the 

total BC emissions. 

 

 Coke BC emissions 

The iron and steel industry require coke for the reduction process; coal is used for 

producing coke, and the black carbon particles are emitted primarily from coke ovens. 

The activity rate used was obtained from the national energy balance [SENER, 2012]; 

for this case BC emissions were 1.4 Gg in 2010, representing around 3%. 

 

 Brick Kilns 

In Mexico, there are about 17,000 traditional brick kilns in the rural areas. The traditional 

sector for brick production is an informal activity but it is still very important in the 

construction sector. In the future, the brick production could be improved by reinforcing 

existing regulations or by crafting regulations in terms of air quality and product quality in 

the construction sector, as well as developing actions and measures for each state 

under the local programs to improve the air quality in the cities (PROAIRE). 

In 2010 emissions from brick kilns were 0.5 Gg (1%). For the baseline emissions, the 

fuel consumption considered was approximately 799,170 Mg of wood for the 

construction of about 10.2 Pg of bricks.25  There are other types of fuels used by the 

traditional brick kilns, but no emission factor or activity rate was available. For the BAU 

scenario, the production growth and the consumption of wood were considered as 

constants. 

 

3.3 Key Sources of SLCPs and likely Progression under A Reference Scenario 

3.3.1 Methane emissions likely progression under a reference scenario 

For the 2030 year, the emissions from methane are projected to increase 38% from 4,164 Gg in 

2010 to 5,742 Gg (see Figure10). The largest increment will be in landfill emissions with 817 

Gg, followed by enteric fermentation with an increase in 416 Gg, and oil and gas with an 

increase of 254 Gg. 

 

                                                
24

 http://sie.energia.gob.mx/bdiController.do?action=temas 
25

 Data provided by INECC, which is based on unpublished report by Kato E., Barcenas C., Acero, R., 
and Ruiz-Mariscal, A., 2013. 
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Figure 10: Methane emissions (Gg) progression 2010 – 2030  
under the reference scenario 

(Source: Preliminary estimations for the Mexico SNAP using the LEAP Toolkit.) 

For 2020 and 2030, the livestock will contribute 40% and 39% respectively to the total methane 

emissions; landfill; 29% and 31%; oil and gas, 12% in both years; wastewater, 10% and 9%; 

coal mining fugitive emissions, 6% and 5%; and residential emissions, 2% and 1%. 

 
3.3.2 Black Carbon Emissions likely progression under a reference scenario 

For the 2030-year total emissions, this project considered two groups of emission sectors. The 

first group considered all the key sectors (except oil and gas), such as residential combustion, 

industrial energy demand, waste incineration, transport, sugarcane pre-harvest burning and 

wildfires. The second group considered only emissions from PEMEX oil and gas production. 

The main reason is that PEMEX has developed mitigation strategies since 2008 and this could 

affect the overall results from the base year. 

For the first group of emissions, black carbon is projected to increase from 24 Gg to 34 Gg. The 

largest relative increment will be from energy demand from industry; the increase will be near 4 

Gg between 2010 and 2030. The second will be transport with an increase from 3.5 Gg in 2010 

to 5.8 Gg in 2030. Emissions from MSWOB will increase from 2.4 Gg to 2.9 Gg, while pre-

harvest sugarcane burning will grow from 3.5 Gg to 4.7 Gg (Figure 11). 
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 Figure 11: Black carbon emissions (Gg) progression 2010 – 2030 for the first group 

under the reference scenario 

(Source: Preliminary estimates for the Mexico SNAP using the LEAP Toolkit.) 

 

In the case of PEMEX, in 2008 the Cantarel extraction area reached its final extraction stage, 

during that period a large amount of gas was released and most of them were sent to flares. 

After 2008 a natural reduction and a set of control measures by large investment was promoted 

in order to reduce the amount of gas send to the flaring process. This reduction is observed on 

the black carbon emissions because it mainly only considers flaring process. The emissions 

between 2013 and 2030 are presented in the baseline in Figure 12; the period between 2010 

and 2013 is not included due to the Cantarel event. 
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Figure 12: Black carbon emissions from PEMEX (Gg) progression 2013 – 2030  
under the reference scenario26 

(Source: Preliminary estimates for Mexico SNAP using the LEAP Toolkit.) 

 

 

3.4 Measures to Reduce SLCPs in Mexico 

To identify the measures that could be implemented for the mitigation of black carbon and 

methane, teams of experts consisting of personnel from INECC and staff and consultants from 

the Molina Center reviewed existing policies in Mexico and the initiatives that could be 

reinforced in order to reduce the pollutants, this include some of the measures identified in the 

UNEP assessment [UNEP/WMO, 2011]. In some cases, information about the impact of the 

measures was not available; sensitivity analysis was conducted to illustrate the mitigation 

action. 

 

The identified abatement measures resulting from the above deliberation are presented in the 

two tables below – Table 7 for black carbon and Table 8 for methane.  

  

                                                
26

 The projection is based on data provided by PEMEX from 2010 to 2026; the values for 2027 to 2030 
growth using the rate between 2017 and 2026. 2010 to 2013 is not included in the figure due to the 
Cantarel event. 
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Table 7. Abatement measures for black carbon by Sector 

Sector Source Measure 

Agriculture 
and 
Livestock 

Pre-harvest 
sugarcane 
burning 

Encourage mechanization of sugarcane and green harvest as 20% in 
2020 and 30% in 2030. 

Tillage 
Reduction of 10% in black carbon emissions by using agricultural 
equipment and practices that are less destructive to the soil. 

Wildfires 
Forest, 
grassland 

The National Program of Protection against forest fires is reinforced: 
with control and prevention actions in states with more frequent fires: 
Sonora (75,202 ha), Chihuahua (51,903 ha), Durango (51,626 ha), 
Coahuila (32,189 ha), and Baja California (27,301 ha). 

Standard NOM-015 SEMARNAT SAGARPA is reinforced and 
controlled 

Industry Brick kilns 

Substitution of traditional brick kilns with modern improved kilns for the 
5 states with the largest brick production. Slow technology penetration 
scenario. 

Transformation of traditional brick production into new technologies by 
2030, in a fast technology penetration scenario. 

Residential 
Wood-burning 
cookstoves  

Promote the substitution of traditional cookstoves (open burning fire): 

 by improved cookstoves in rural municipalities with high level of 
poverty (high and very high marginalization index).  

 by improved cookstoves in the semirural area as part of a 
national social and environmental policies implemented by 
SEDESOL, SEMARNAT, CONAFOR and PESA-SAGARPA.

27
 

Transport 
On road 
vehicles 

Introduction of ultra-low sulfur fuels and better vehicles technologies 
from 2016. 

Power 
generation 

Electricity 

The control scenario) reduces the capacity in 10,698 MW from 
combined cycle systems, and adding 28,400 MW from wind farms and 
a backup of 7,857 MW from turbogas system 

The hybrid scenario reduces the capacity of 10,698 MW combined 
cycle, and are replaced by 2,800 MW from nuclear power plants, 
20,900 MW from wind farms, and a backup of 5,792 MW from 
turbogas. 

 

  

                                                
27

 In the workshop organized for this project, there were comments about the implementation of the past 
cookstoves policies; which only provided the improved cookstoves and did not include training or strategy 
to motivate the use of improved cookstoves. 
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Table 8. Abatement measures for methane by sector* 

Sector Source Measure 

Livestock 

Livestock: 
manure 

Install integrated manure management, including implementation of 
bio-digesters and use of methane recovered in farms (pigs and 
beef/dairy cattle).   

Enteric 
Fermentation

28
 

Improve dietary and grazing management of cattle, variations in the 
metabolic route, etc. 

Fossil fuel 
production 
and energy 

Coal mining  
Extended pre-mine degasification and recovery and oxidation of 
methane from ventilation at coal mines.  

Production of oil 
and gas 

Extended recovery and utilization, rather than venting, of associated 
gas and improve control of unintended and fugitive emissions from 
oil and gas production. 

Waste 

Municipal solid 
waste and 
Landfill 

Programs to separate solid waste and increase of 3R programs 
(reduce, reuse and recycle) considered in the LGPGIR. 

Promote the recovery of methane in the sanitary landfills and the 
use to generate energy. 

Wastewater 
treatment  

Improved operation and maintenance of wastewater treatment 
systems and methane recovery. 

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

*Note: Abatement measures for power generation sector is the same as listed in Table7. 

 

 

3.5 Emissions Reduction and Co-Benefits of Implementation to Reduce Impacts  

 

3.5.1 Emissions reduction of policy scenarios controls 

This section describes the two policy scenarios used in this Project: Control Policy Scenario 1 

consists of feasible measures available from existing technologies, regulations and programs to 

implement them, while Control Policy Scenario 2 requires additional efforts in order to be 

implemented. Some sectors contribute more than one measures from the different possible 

measures considered here. Table 9 lists the measures considered for each control policy. 

  

                                                
28

 In this study, only one measure (changing the diet of the livestock) was considered; whereas in the 
GEF-supported SLCP project for Mexico, other measures, such as diet supplement, are also being 
considered.  Similarly, the study conducted by McKinsey in the development of the cost curves included 
additives in the livestock's diet to improve efficiency in the metabolic energy of each animal. Source: 
Instituto Nacional de Ecología y Cambio Climático, 2013. Actualización de la curva de costos y la cartera 
de proyectos de mitigación  Cost curve and mitigation projects portfolio update. 
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Table 9. Summary of measures considered for two control policy scenarios  
 

Sector Activity 
Control Policy  

Scenario 1 

Control Policy  

Scenario 2 

Agriculture 

Tillage 

Reduction of 10% black carbon 
emissions by using agricultural 
equipment and practices that 
are less destructive to the soil. 

Same as policy scenario of 
control 1 

Pre-harvest 
burning of sugar 
cane 

Promotion of the 
mechanization of sugarcane 
and green harvest 

Same as policy scenario of 
control 1 

Livestock: manure 
management 

Installation of integrated waste 
management, including 
implementation of bio-digesters 
and the use of recovered 
energy in farms 

Same as policy scenario of 
control 1 

Livestock: enteric 
fermentation 

Reduction on methane by 
improvements in diet and 
manure management 

Same as policy scenario of 
control 1 

Waste 

Wastewater 

Improve the management, 
increase the operation and 
maintenance of the wastewater 
treatment systems in the 
treatment plant. 

In addition to the mitigation 
measure 1, the treatment 
capacity increases in aerobic 
treatment. 

Landfills for the 
disposal of solid 
waste 

60% reduction by 2030 by 
increasing waste separation 
program and 3Rs (reduce, 
reuse and recycle).  

Promote the recovery of 
landfill methane for electricity 
generation. 

Municipal Solid 
Waste (MSW) 
open burning 

60% reduction in MSW 
generation that are burned in 
rural areas. 

Reinforce the control and 
prevention in the states with 
higher forest fires to control 
them. 

Wildfires 

Forest, grassland, 
old (mature) trees 
and sapling (young 
trees) fires 

The NOM-015 SEMARNAT 
SAGARPA about technical 
specifications and methods of 
use of fire in forestland and 
agricultural land are reinforced. 

Prevention and control 
nationwide 

Fossil fuel 

extraction &   

distribution 

 

 

Oil and Gas 

Increase the natural gas 
injection into the well from 90% 
to 98% in the production 
processes. 

Same as policy scenario of 
control 1 

Coal Mining 
Implementation of technology 
to capture methane from coal 
mining by 15% by 2030 

Methane captured by 20% by 
2030. 
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Coke 
No mitigation measures are 
considered for this sector that 
is one of the most efficient. 

 

Industrial 

Processes 

Pig Iron 
No mitigation measures are 
considered for this sector 

 

Construction and 
manufacture 
(informal brick 
production) 

Substitution of traditional brick 
kilns with modern improved 
kilns for the 5 main states in 
brick production. An 80% 
reduction by 2030. 

80% transformation of 
traditional brick production 
into new technologies by 
2030, a faster technology 
penetration. 

Residential  Cookstoves -  
wood burning 

Implementation of efficient 
cook stoves to about 826 
municipalities (with high and 
very high marginalization 
index), representing about 2.3 
million households that 
consume about 9 Tg of wood 
per year. 

Implementation of improved 
cookstove in 2,377 
municipalities (percentage of 
households in municipalities 
with less than 5,000 people), 
representing about 3.6 
million households that 
consume about 16 Tg of 
wood per year. 

Transport 

(on road) 

Heavy-duty, 
medium-duty, and 
light-duty-vehicles 
(diesel and 
gasoline) 

Introduction of ULS fuels and 
better vehicles technologies 
from 2016. 

Same as policy scenario of 
control 1 

Power 

generation 
Electricity  

The control scenario reduces 
the capacity in 10,698 MW 
from combined cycle systems, 
and added 28,411 MW wind 
farm and a backup of 7,857 
MW by turbogas systems. 

The hybrid scenario: reduce 
the capacity of 10,698 MW 
combined cycle, and replace 
with 2,800 MW nuclear 
power plant, 20,900 MW 
electric wind farm, and a 
backup of 5,792 MW gas 
turbo gas systems. 

 

Table 10 presents the emissions projections from the BAU scenario in (Mg) from base year 

2010 to 2020 and 2030, a description of the mitigation action, the goal, the reduction in mass 

(Mg) reached for 2020 and 2030 for each sector and for each policy scenario emission 

reduction. The percentage change is given in the parenthesis and is calculated using the BAU 

emission and its corresponding reduction for 2020 or 2030 year.  The baseline in most of the 

sectors considers emissions available from 1998 to 2009. 
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Table 10. Policy measures by sector and estimated reductions with respect to the baseline 

Sector SLCP 
BAU Emissions (Mg) Policies 

Policy Scenario 
Emission reduction, 
Mg (% of reduction) 

 

2010 2020 2030 Mitigation action Goal 2020 2030 

Farming 
equipment 
(tillage) 

BC 230 232 234 

1. Promote the use of efficient and retrofitted 
agricultural equipment (filter, lower diesel 
consumption, etc.). Sensitivity analysis to show 
a reduction in the emission rate by 10%. 

BC : 12 
(5) 

BC : 23 
(10) 

Pre-harvest 
sugarcane 
burning 

BC 3,532 4,137 4,705 
1. Encourage the 
mechanization of 
sugarcane harvest. 

1. Level of 
mechanization of 
sugarcane harvest: 
20% (in 2020) and 
30% (in 2030). 

BC : 161 
(4) 

BC : 784 
(17) 

Livestock: 
enteric 
fermentation 

CH4 1,808 K 1,999 K 2,223 K 

1. Improvement in the 
diet of cattle, handling 
of the cattle, variations 
in the metabolic route, 
etc. 

1. Reduction of 3% 
in methane emission 
rate per year after 
implementing 
mitigation action. 

CH4: 28 K 
(1) 

CH4 : 63 K 
(3) 

Livestock: 
manure 

CH4 44 K 47 K 51 K 

1. Installation of 
integrated systems for 
handling the cattle 
manure, and 
implementation of bio- 
digesters to recuperate 
CH4 to use for energy 
production in farms.  

1. In 2030, these 
systems include 
20% of the heads of 
existing cattle.  
Emission factor 
changes from 1 in 
2010 to 0.8 in 2030. 

CH4: 8.9 K 
(19) 

CH4 : 18 K 
(35) 
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Wildfires 

CH4 5.5 K 8.8 K 17.9 K 

1. The standard NOM-
015 SEMARNAT 
SAGARPA is 
reinforced. 
 

1. The fires with 
agricultural origin 
and human cause 
are reduced (25% of 
total surface burned 
in 2010)  

CH4 : 1 K 
(11) 

CH4 : 4.5 K 
(25) 

BC: 0.17 K 
(12) 

BC: 0.7 K 
(25) 

BC 853 1347 2748 

2 The National 
Program of Protection 
against Forest Fires is 
reinforced: control and 
prevention actions in 
states with frequent 
fires: Sonora (75,202 
ha), Chihuahua (51,903 
ha), Durango (51,626 
ha), Coahuila (32,189 
ha), and Baja California 
(27,301 ha). 

2. In 2030, a total 
control in these five 
states would 
represent 34% of the 
total hectares 
affected by fires. 

CH4: 1.5 K 
(17) 

CH4 : 6 K 
(34) 

BC: 229   
(17) 

BC: 934 
(34) 

Coal mining CH4 312 K 312 K 312 K 

1. Extended pre-mine 
degasification and 
recovery and oxidation 
of methane from 
ventilating air from coal 
mines. 

1. 15% of the 
methane is captured 
by in underground 
mining and in post 
processing 
underground. 

CH4: 23 K 
(7) 

CH4 : 46 K 
(15) 

2. 20% of the 
methane is captured 
in underground 
mining and in post 
processing 
underground. 

CH4 : 31 K 
(10) 

CH4 : 62 K 
(20) 
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Wastewater CH4 430 K 474 K 498 K 

1. Improve 
management of 
wastewater treatment 
plants and methane 
recovery. 

1. Increase to 60% of 
the volume of treated 
wastewater and 
capture CH4. Better 
management that 
reduce the emissions 
factor from 0.18 to 
0.06 in 2030. 

CH4 : 36 K 
(7) 

CH4: 82 K 
(16) 

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

2. Increase aerobic 
treatment in 
wastewater treatment 
plant; Septic tank 
remains constant at 
16%. Lagoon aerobic 
and anaerobic 
treatments share 
increases to 8% and 
36% respectively, and 
untreated reduce to 
40%. 

CH4: 44 K 
(9) 

CH4 : 104 
K 

(21) 

Municipal solid 
waste (Open 
Burning) 

CH4 14 K 15.6 K 17 K 
1. Prevention and 
control programs for 
burning in municipal 
landfill and domestic 
disposal of waste.  

1. The residue burning 
occurs only 
accidentally. 
Reduction by 60% in 
2030. 

CH4 : 4.7 K 
(30) 

CH4 : 10 K 
(60) 

BC 2.4 K 2.7 K 3 K 
BC: 0.8 K 

(30) 
 BC:  1.8 K 

(60) 

Municipal solid 
waste (Landfills) 

CH4 976 K 1429 K 1793 K 

1. To increase the 
recycling 3R 
programs (reduce, 
reuse and recycle) 
considered in the 
LGPGIR. 

1. Reduce total 
generation by 60%. 

CH4 : 218 
K 

(15) 

CH4 : 753 
K 

(42) 
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2. Promote the 
recovery of methane 
in landfill and use of 
energy generated. 

2. 50% capture of 
methane by 2030 
(sensitivity analysis). 

CH4 : 375 
K 

(26) 

CH4: 
1065K 

(60) 

Cookstoves 
(Residential 
sector) 

CH4 78 K 79 K 76 K 

1. Promote 
substitution of 
traditional cookstoves 
(open burning fires) 
by efficient 
cookstoves in rural 
municipalities with 
high level of poverty 
(high and very high 
marginalization 
index). 

1. 826 municipalities in 
Mexico and potential 
population of 2.29M 
households in the 
2030 use more 
efficient cookstoves. 

CH4 : 20 K 
(26) 

CH4 : 40 K 
(53) 

BC: 1.7 K 
(27) 

BC: 3.2 K 
(52) 

BC 6.2 K 6.3 K 6.1 K 

2. Development of 
social and 
environmental 
policies implemented 
by SEDESOL, 
SEMARNAT, 
CONAFOR, and 
PESA-SAGARPA; 
oriented to the 
substitution of 
traditional cookstoves 
(open burning fire) 
with improved 
cookstoves in the 
semirural area. 

2. To reduce the use of 
wood as a fuel in rural 
areas, thereby reduce 
adverse health 
impacts on households 
and control 
deforestation 
problems. 

CH4 : 34 K 
(43) 

CH4 : 66 K 
(87) 

BC: 2.8 K 
(44) 

BC: 5.3 K 
(87) 

 
 
Brick  
Producion 
 
 

CH4 9.4 K 9.4 K 9.4 K 

1. Replacing with 
modern kilns, the 
totality of ovens from 
the 5 states with the 
majority of brick kilns. 

1. Slow penetration of 
improve brick kiln 
technology by 80% by 
2030. 

CH4 : 1.4K 
(16) 

CH4 : 7.5 
(80) 

BC: 72 
(16) 

BC: 384 
(80) 
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 BC 480 480 480 

2. Transformation of 
traditional brick 
production to new 
technologies.  

2. Fast penetration of 
improved brick kiln 
technology to 80% by 
2030. 

CH4 : 4.1K 
(44) 

CH4 : 7.5K 
(80) 

BC: 211 
(44) 

BC: 383 
(80) 

Transport  
BC 

 
3.5 K 

 
4.3 K 

 
5.8 K 

 

1. More availability of ultra-low sulfur diesel at 
national level, and establish standards for the 
reduction of pollutants from vehicles (including 
diesel particle filters), equivalent to those 
included in Euro-6/VI standards, for on-road 
vehicles.  

BC: 1.7 K 
(40) 

 

 BC: 3.2 K  
(55) 

 

PEMEX Oil and 
Gas production 
processing and 
distribution 

CH4 455 K 586 K 709 K 

1. Reduction of GHG 
emissions from oil 
and gas production. 
Reduction in the 
amount of burnt gas 
using the required 
equipment for 
compression and 
injection in the 
exploration and 
production of oil and 
gas. By doing studies 
and analysis of 
reduction on CH4 
fugitive emissions. 
Extended recovery 
and utilization, rather 
than venting, of 
associated gas and 
improved control of 
unintended and 
fugitive emissions 
from the production 
of oil and natural gas.  

1. This measure has 
been implemented 
since 2004. For this 
case BAU and control 
scenarios are the 
same. This measure 
modifies the emission 
rate.  

CH4 : 0.8 K 
(0.1) 

CH4 : 1 K 
(0.1) 

BC  24 K 14.2 K  17.4 K 
BC: 10.8 K 

(76) 
BC: 13.3 K 

(76.4) 
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Power 
Generation 

CH4 2.7 k 2.7 K 3.7K 

1. Increase non-fossil 
technology in the 
production and 
generation of 
electricity. 

1. Limit the use of 
fossil fuel to 65%; 
wind farms and 
turbogas backup. 

CH4 :107 
(4%) 

CH4 :332 
(9%) 

BC: 0.5 
(4) 

BC: 1.2 
(9) 

BC 24 14 13 

2. Increase non-fossil 
technology in the 
production and 
generation of 
electricity. 

2. Limit the use of 
fossil fuel to 65%; 
wind farms, nuclear 
and turbogas backup. 

CH4 :113 
(4) 

CH4 :350 
(9) 

BC: 0.56 
(4) 

BC: 1.2 
(9) 
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Preliminary emissions estimates using the LEAP Toolkit by applying the measures are shown in 

Table 11; where cumulative reductions to 2030 are presented; the largest reduction comes from 

control 2 measures.  

 

Table 11. Cumulative emission reductions from 2010 to 2030 (Gg)  
for black carbon and methane. 

BLACK CARBON 

 
Control 1 Control 2 

Oil and gas 219.2 219.2 

Cookstoves 34.6 57.1 

Transport 32.8 32.8 

Wildfires 17.6 17.6 

MSW open burning 5.8 5.8 

Pre-harvest sugarcane burning 4.8 6.6 

Brick Kilns 2.6 4.4 

Tillage 0.2 0.2 

METHANE 

Landfill 5,768 9,044  

Wastewater 787.9 983.0 

Cookstoves 427.4 705.8 

Enteric fermentation 615.5 615.5 

Coal mining 485.6 647.5 

Manure management 189.3 189.3 

Wildfires 31.6 42.9 

MSW open burning 100.9 100.9 

Brick kilns 50.0 84.9 

Power Generation 2.7 2.8 

 

In the case of black carbon: the largest cumulative reduction comes from oil and gas, followed 

by wood-burning cookstoves and transport. For methane: landfill, wastewater, cookstoves, 

enteric fermentation and coal mining are the activities with the largest cumulative reduction. 
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Figure 13.  Black carbon emissions reductions (Mg) for each sector from baseline and 
control 1 and control 2 for 2030. 

 
 
For black carbon, oil and gas has the largest reduction followed by cookstove, transport, 

wildfires, MSW open burning, pre-harvest sugarcane burning, brick kilns and others, as shown 

in Figure 13. 

 

For methane, important reduction can be obtained by implementing control 1 scenario; the 

largest reduction is obtained from landfill emissions, followed by livestock, wastewater, oil and 

gas, coal mining and cook stoves, with less contribution from waste burning, wildfires, 

sugarcane burning and other categories have a low impact, as shown in Figure 14. In all the 

cases implementing policy control 2 will lead to a larger reduction on emissions for sectors that 

consider two different policies. 
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Figure 14. Methane emissions reductions (Gg) for each sector. 
 

3.5.2  Benefits assessment 

The benefit part of the toolkit is still under development by SEI and is currently only able to 

assess impacts on human health from exposure to particulate matter (PM). The coefficients 

needed to assess ozone (O3) impacts on health and crops, and on radiative forcing, are still 

being generated by SEI. Thus, at this stage, the toolkit can only be regarded as a prototype that 

is still to be completed, debugged and reviewed by experts to verify its robustness. However, it 

is currently able to estimate emissions, generate emission scenarios and model the health 

benefits (due to reduced PM exposure) that would result from alternative SLCP control 

measures. 

 

An Excel spread sheet-based Benefits Calculator is being used for this assessment. This 

comprises worksheets containing gridded (2x2.5 degrees) global default emissions data for the 

base year 2005 and estimates for 2030 according to two scenarios: the Reference Scenario 

(i.e., ‘business as usual’ with no further mitigation measures beyond those already planned and 
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assuming energy and fuel demand as projected by the International Energy Agency (IEA)) and 

a Do All Scenario where all 16 SLCP measures (identified in the UNEP/WMO Assessment 

Report [2011]) are fully implemented globally by 2030. The default emissions dataset, as used 

in the UNEP-WMO Assessment Report [UNEP-WMO, 2011] are derived from IIASSA/GAINS 

and then gridded and gap-filled by the Joint Research Centre (JRC) at Ispra (Varese), Italy.  

 

Other worksheets contain global, gridded population-weighted coefficients for PM2.5 and O3 

which, when multiplied by the default emissions (by grid), give the population-weighted PM2.5 

and O3 concentration for the target country that will result from these emissions.29 

 

The impact on human health due to changes in relevant emissions is then estimated from 

established PM/O3 concentration-response factors and relative risk for cardiopulmonary (sum of 

cardiovascular and respiratory) disease, lung cancer and (for O3 impact only) respiratory 

disease [see Anenberg et al., 2012]: 

 

 ΔMort = y0 × Pop × (1 – exp–β(lin)ΔX)  

where ΔMort - Change in mortality due to a change in PM2.5 (or ozone) concentration   

y0 - country average baseline mortality rate (default from Global Burden of Disease) 

Pop - country total population (default from CIESIN or user defined) 

ΔX - Change in country average population-weighted change in concentration:   

    From GEOS-Chem Adjoint model 

ß - concentration-response factor = ln (RR)/ΔX       

 RR - relative risk      

Cardiopulmonary RR 1.09 per 10 µg/m31999-2000    

Lung cancer RR 1.14 per 10 µg/m3 1999-2000  

  Respiratory disease RR for long-term ozone mortality: 1.04 

Using the above information and equations, the calculator estimates the number of premature 

deaths (burden) in the target country due to PM2.5 and O3 exposure resulting from the global 

emissions. Non-default emissions data for Mexico, generated from the LEAP module, were 

used as input and those are presented in Table 12 and Figure 15.  The calculator can thus 

enable emissions scenarios to be compared and to determine the health benefits (as premature 

deaths avoided) that would accrue from implementing one or more SLCP control measures in 

Mexico. 

 

                                                
29 Produced by D. Henze at Colorado University from the GEOS-Chem Adjoint model. 
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The expert elicitation provided only all-cause effect estimates, and since it is required to use 

cause-specific effect estimates, the Pope et al. [2002] cause-specific effect estimates is scaled 

by the 1.8 ratio of the all-cause effect estimates given by the US EPA Expert Elicitation vs. Pope 

et al. [2002]. 

 

Table 12 presents the data of population, disease rate, relative risk and concentration-response 

factor used in the benefit assessment. Default data were provided by the Toolkit except 

population and demographic. The same default data were used for 2010 and 2030. 

Table 12. Base data used for the benefit evaluation. 

 Historical Years Historical Years Future year 
Reference 

 2005 2010 2030 

Total population 107,151,011  114,289,406 131,478,659  CONAPO 

Proportion of population 
aged 30+ years 

 0.4850   0.4850  0.5300 
CONAPO 

Cardiopulmonary 
disease rate for pop 30+ 
(proportion per year) 

0.00550 0.00550 0.00550 
 

RR - cardiopulmonary 
disease (per 10 µg/m

3
) 

1.09 1.09 1.09 
ACS [Pope 
et al., 2002] 

Cardiopulmonary ß 
(beta)=LN(RR)/10*1.8 

0.0155 0.0155 0.0155 
 

Lung cancer disease 
rate for pop 30+ 
(proportion per year) 

0.000347 0.000347 0.000347 
 

RR - lung cancer (per 10 
µg/m

3
) 

1.14 1.14 1.14 
ACS [Pope 
et al., 2002] 

Lung cancer beta (ß = 
LN(RR)/10*1.8) 

0.0236 0.0236 0.0236 
 

Respiratory disease rate 
for pop 30+ (proportion 
per year) 

0.00162 0.00162 0.00162 
 

RR - respiratory disease  
(per 10 µg/m

3
) 

1.04 1.04 1.04 
Jerrett et al., 

2009 

Respiratory disease 
beta (ß = LN(RR)/10) 

0.0039 0.0039 0.0039 
 

 

Based on the emissions obtained for Base Case scenario, Policy Scenario Control 1 and 

Control 2, the total benefits obtained were around 5,400 premature deaths avoided for Policy 

scenario 1 and 5,980 premature deaths avoided for policy scenario 2.30 Emissions from wildfires 

                                                
30

 These values are preliminary; the main contributor is the reduction from the residential sector 
(cookstoves). Some aspects of the health benefit tool are under discussion with the developers. From the 
cookstoves uncertainty analysis in Appendix C, the range for avoided deaths varies from 40% to 250%. 
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are an important source of air pollutants; however it is not considered in the calculation of health 

benefits. Thus, in a particular year wildfires would impact on the absolute health burden, to 

include this source would have no impact on the health benefit (i.e., the difference between 

burdens for the reference and control scenarios for 2030) of any chosen mitigation scenario. 

This is because it assumed that wildfire remains more or less constant during the total period. 

The benefit analysis tool is useful for gross estimate; however for a more detailed estimate a 

downscaling of global models should be used in order to identify better population and 

ecosystem exposure to air pollutants in the country. The lives saved are related to the measures 

considered in this Project. In the toolkit, emission factors for the non-criteria pollutants 

presented in Table 13 are available and with the activities it was possible to estimate their 

emissions, those emissions are presented for base line and for applying all sectors mitigations 

policies for both policy scenarios control. 

Table 13. Non-default emissions for historical, baseline and policy scenarios 1 and 2. 

Emissions
31

 (Gg) Historical 
Baseline 
scenario 

Policy 
Scenario 1 

Policy 
Scenario 2 

Year: 2010 2030 2030 2030 

Black Carbon (BC) 47.0 48.9 26.2 24.1 

Organic Carbon (OC) 52.5 52.1 25.1 8.1 

Sulfur oxides(SOx) 68.3 94.2 50.5 49.9 

Nitrogen oxides(NOx) 1455 2145 1491 1483 

Ammonia (NHx) 580.7 698.1 694.0 691.4 

Other PM2.5
32

 105.6 128.9 92.9 86.8 

Carbon monoxide (CO) 11541 6026 4873 4531 

Non-methane volatile organic 
compounds (NMVOCs) 997.9 515.0 463.5 445.0 

Methane (CH4) 4159 5724 4700 4326 

 

Similar analysis can be performed to obtain the health benefit per sector; in this case a 

reduction of a specific sector is applied and used in the health evaluation toolkit. Figure 15 

presents the benefit per sector, which considers only the reductions obtained by applying the 

mitigation measures from a specific sector. It should be noted that some sectors, e.g., service 

and industry, were not included in the estimates at this stage due to lack of information for 

mitigation measures. 

 

                                                
31

 These emissions do not consider emissions from burning of forest and grassland. 
32

 'Other PM2.5' = PM2.5 - BC - (OC x 1.3). 
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A sensitivity analysis is presented in Appendix C, which shows that NOx has the largest 

influence on the avoided deaths followed by other PM2.5. If a scenario has an important 

reduction on these pollutants, it will have a larger number of avoided deaths, as in the case of 

the cookstoves and transport sector. In order to perform better benefit estimation, information 

about emissions from co-pollutants is required. Appendix C also illustrates the uncertainty 

estimates in SLCP emissions and benefits using cookstoves as a case study.  

 

 

 

 

Figure 15. Benefits per sector. Avoided deaths due to implementation of 
control 2 mitigation scenario for year 2030. 
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CHAPTER 4 RELEVANT PATHWAYS FOR THE IMPLEMENTATION OF THE 

SLCP MEASURES IN MEXICO 

 

The main policies and measures to mitigate black carbon and methane emission in Mexico have 

been identified through an analysis of current national policies and initiatives. The proposed 

measures in the UNEP/WMO assessment and new policies or measures by INECC were also 

evaluated and integrated in this report. Figure 16 illustrates the Guidance Principles of Strategic 

Approach to implement SLCP measures. 

 

Figure 16:  Guidance principles of strategic approach for implementing SLCP measures 
(Source: Adapted from UNEP 2011, “Near -term Climate Protection and  

Clean Air Benefits – Policies and Measures to reduce Short-Lived Climate Forcers”) 

•Strategies to address SLCP can efficiently build on a 
number of existing policies and initiatives, mainly through 
existing air quality management programs  and regulatory 
frameworks, including those at the international level. 
Another way to build SLCP abatement policies is to 
incorporate them into climate change agreements and 
regulations and in developmental policies. 

Building on 
current policies  

•Policies on SLCP  mitigation could increase the social 
benefits with an integrated approach to climate change and 
air pollution abatement during the policy process. This 
would utilize the synergy between the two arenas, thereby 
making the public policy process more efficient and less 

costly. 

Developing an 
integrated 
approach 

•Setting common goals on national, regional, or international 
levels can encourage national efforts by enabling progress 
to be measured against targets.  

Setting common 
goals 

•The reduction of climate impacts can be accomplished by 
reducing SLCPs. Also, air pollution impacts on health and 
crops are large and can be addressed by reducing SLCP. 
From this dual perspective, there are multiple benefits to be 
gained by reducing SLCPs as quickly as possible. 

Rapid 
implementation of 

measures 
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The current initiative, Supporting NAtional Planning (SNAP) for SLCPs in Mexico, has identified 

19 key abatement measures, 10 for reducing black carbon emissions and 9 for reducing 

methane emissions from major sources.  

 

The abatement measures for black carbon and methane have been pooled into six categories: 

Agriculture and Livestock, Forestry, Industry, Residential, Residues, Transport, and Fossil fuel 

production and energy. These preliminary measures include the proposed UNEP measures 

[2011] and local actions and existing policies that are complementary or might be 

supplementary to mitigate SLCPs. 

 

Since there is limited information available to accurately estimate emissions from some 

categories, some proposed measures are treated as a sensitivity analysis, and more research is 

required to evaluate national policy. There are other sectors that have large mitigation potential 

but more research is needed in the second phase in order to build the baseline and conduct 

some mitigation analysis. These are: 

 Open fire waste burning. At present the data considered that only rural household 

burned the waste and the proportion of waste burning is 40%. It is also important to 

consider urban areas. In addition, it is necessary for the calculation of waste burnt to 

include more specific data, differentiated by types of arrangement, composition, terms of 

collection and disposal areas, as well as making a detailed diagnosis on municipal and / 

or inter-municipal landfills, and the amount of waste they manage. More research about 

the activity rate could be generated. 

 Tillage. It is necessary to characterize the soil removal processes with the technologies 

used in different agro-ecological regions of Mexico. Also, the estimation presented in the 

baseline needs to be validated to include the percentage of mechanization in planting 

and harvesting, tillage practices for sowing, harvesting and fallow make by the 

agricultural producers in Mexico. 

 Agricultural residues burning. Currently there is insufficient information to calculate total 

emission from agricultural residues burning during the harvest season, which is a 

common practice in Mexico. More research is needed to integrate other important crops 

(such as maize) to the current emission inventory that considers only sugarcane burning. 

 Off-road transport. In this project only on-road transport was considered. But there are 

other important off-road sources, such as farm and construction equipment, aircraft, and 

ships that contribute to the emissions in the transport sector. In order to estimate the 

impacts of these sources, more information, including activity rate and emission factors, 

for these sources are needed. 

 

Tables 14 and 15 summarize the measure-wise action planning to reduce the emissions of 

black carbon and methane. Each table summarizes the goal of the measure, the present 

context (status, policy, projects/ programs), major barriers, and actions needed to overcome the 

barriers for implementing the strategy. 
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Table 14:  Measures to reduce black carbon33 

Sector: Transport 

Measures Objectives Context Major Barriers Action Impacts 

Availability 
nationwide of low- 
sulfur diesel fuels for 
vehicles. 

Stricter emissions 
standards. 

Reduction of air 
pollutants from 
mobile sources 
through the use 
of low-sulfur fuels 
and the adoption 
of more stringent 
regulations  

  

 

 

 

 

 

 

 

 

 

 

 

Currently, Mexico is evaluating best 
options to introduce cleaner and more 
efficient vehicles; however, prior to this, 
it is necessary to have the availability of 
ultra-low sulfur fuels.  

In Mexico, there are three types of fuels 
with their respective average sulfur 
content: Magna gasoline, 300 ppm; 
premium fuel, 30 ppm, and diesel, with 
15 and 500 ppm. Magna gas is 
available throughout the country, but 
Premium gasoline and diesel with low 
sulfur are sold in only some areas of the 
country. 

The regulatory framework plays a major 
role in the quality of vehicle 
technologies including control of air 
emissions marketed in a country. 
Adoption of standards in Mexico to 
those equivalent to U.S., Europe or 
California standards (assessed under 
the current scenario) will ensure that 
clean vehicles are sold in Mexico with 
consequent improvements of air quality 
and population health. 

Financial: PEMEX claims 

the high investment costs 
required for refineries to 
reduce the sulfur content in 
fuels. Fuels with low sulfur 
content currently sold in 
Mexico are imported. 

The cost of the vehicles 
with the most advanced 
technologies internationally 
may represent a greater 
cost to the end users, 
which could potentially 
inhibit its acquisition. 

Logistic: 

- It is assumed that low-
sulfur fuels should be 
available throughout the 
country in order to 
introduce the best vehicle 
technologies. 

- The auto industry has to 
be prepared to produce the 
best technology in the 
market. 

Expand the 
availability of low- 
sulfur diesel 

Review 086 
standard fuel 
characteristics that 
use new 
technologies, not 
only low sulfur 
content. 

Develop new 
standards for 
vehicle pollutant 
reduction. 

Enact standards for 
Scrapping. 

Adjust federal 
standards for 
transport for local 
implementation. 

Enact energy 
efficiency standard 
for heavy-duty 
vehicles. 

BC emissions 
reduction by 1.7 
Gg in 2020 and 
by 3.2 Gg in 
2030. 

 

Health benefit 
from improved air 
quality. 

 

 

 

Sector: Agricultural (Sugarcane Pre-Harvest) Burning 

Measures Objectives Context Major Barriers Action Impacts 

Encourage the 
mechanization of 
sugarcane harvesting 

To reduce 
burning during 
pre-harvest of 

In Mexico, around 85% of the sugar 
cane fields are burned prior to harvest to 
facilitate the harvesting and reduce 

Financial: The majority of 

sugarcane producers do 
not have access to finance 

Promote and 
finance the 
acquisition of 

BC emissions 
reduction by  
0.16 Gg in 2020 

                                                
33

 For tillage no measure was considered because the technical group recommended improving the calculation of the total emission (activity rate 
and emission factor) in order to get more information about agricultural equipment used in Mexico (i.e., mechanization level in harvest). Black 
carbon emissions are generated from the breakup of soil aggregates. 
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sugarcane sector 
and further 
include other 
agricultural 
burning 

manual labor. Mechanized harvesting 
eliminates the need of burning the field 
but it could be costly. Furthermore, in 
some regions in Mexico, mechanization 
is difficult, if not impossible; due to the 
complex topography of the fields. This 
type of burning significantly contributes 
to air pollution in rural areas whereby 
sugarcane production is located. 

By 2010, the sugarcane emissions 
represented at least 7% of the total 
emission of black carbon, and the trends 
show that increase could be around 9% 
to 4.7 Gg in 2030. 

Current agricultural programs help 
financing a part of production 
equipment, including machinery and 
equipment to harvest sugarcane without 
burning. The goal is to raise the level of 
mechanization of sugarcane harvest to 
20% in 2020 and 30% in 2030, thus 
increasing the efficiency of this sector. 

 

the harvest machinery and 
the sector programs that 
finance it required co-
finance from the 
producers. 

Technology: In some 

sugarcane producing 
regions the topography 
inhibits the use of 
machinery during the 
harvest. 

 

harvest machinery 
in sugarcane sector.  

Implement 
programs at state 
levels to lend 
machinery. 

and by 0.78 Gg in 
2030 

Reduction of toxic 
co-pollutants 
(e.g., dioxins and 
furans) emissions.  

 

Risk reduction of 
wildfires 
generation. 

 

Health benefit 
from improved air 
quality. 

Sector: Wildfires 

Measures Objectives Context Major Barriers Action Impacts 

Reinforcement of the 
National Program of 
Protection against 
Forest Fires 
(CONAFOR) 

 

To develop 
control and 
prevention 
actions in the 
states with more 
frequent fires: 
Sonora (75,202 
ha burned), 
Chihuahua 
(51,903), 
Durango 
(51,626), 
Coahuila 
(32,189), Baja 
California 
(27,301). 

Despite national efforts, forest fires are 
still prevalent in Mexico, and they could 
be more harmful because of climate 
change impacts and the aridity of 
certain regions. 

This measure is aiming to reinforce 
programs that are currently in place 
and to mobilize mitigation actions in 
regions that historically have been most 
affected by forest fires, which represent 
around 34% of total wildfire affected 
areas by fortifying fire prevention and 
improving the efficiency and 
effectiveness of firefighting. 

This is a project coordinated with 

Institutional capacity: 

Prevention and fast 
reaction and control of 
forest fires need to be 
reinforced. In spite of 
technical control, the major 
forested areas could not 
be continuously monitored. 
Furthermore, some 
regions are difficult to 
access due to limited 
human resources of the 
forestry institutions. 

 

 

Reinforce the 
National Program of 
Forest Fires 
Protection. 

Consider more 
prevention and 
control actions to 
reduce the wildfires 
in the states. 

 

 

 

Black Carbon 
emissions 
reduction of 0.17 
Gg by 2020 and 
by 0.7 Gg in 
2030. 

 

Health benefit 
from improved 
air quality and 
environment 
benefit from 
reduced 
frequency of 
forest fires. 
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diverse institutions of the federal, state 
and municipal governments, forest land 
owners and holders through the 
associations of forest producers, non-
governmental organization and forest 
technical services. 

 

Reduction of 
deforestation. 

Preserve 
environmental 
services.  

Reinforcement and 
control of the Official 
Mexican standard 
NOM-015 
SEMARNAT – 
SAGARPA 

To reinforce 
current 
regulation. 

The standard NOM 015 SEMARNAT – 
SAGARPA aims to establish the 
engineering specifications for the 
methods to use fire in forested lands 
and farm lands to prevent and to 
diminish forest fires. Instead, there are 
no control actions, and historically, 
agricultural fires have caused major 
forest fires. 

If the fires of agricultural and intentional 
origin are reduced, it could control 
around 25% of total surface burnt (in 
2010). 

 

Social: In the agricultural 

sector, open burning is 
carried out to clear the 
land for planting and to 
control pests, disease and 
weeds. These activities 
have caused elevated 
emissions and 
concentrations of 
particulate matter and 
cannot be changed in 
short terms if there are no 
educational programs to 
avoid these practices. 

Institutional capacity: In 

the agricultural and forest 
sector, the technical 
control is a problem 
because of limited human 
resources to monitor and 
enforce the sanctions 
established in the law to 
those who don’t observe 
the standard NOM-015 
SEMARNAT – SAGARPA. 

Reinforce the 
Standard NOM-015 
SEMARNAT- 
SAGARPA 

Strengthen 
preventive actions 
in agricultural sector 
to reduce wildfires 

Raise awareness on 
the harmful effects 
of agriculture 
burning  

 

Black Carbon 
emissions 
reduction by 0.23 
Gg in 2020 and 
by 0.9 Gg in 2030 

 

Health benefit 
from improved air 
quality. 

 

Reduction of 
deforestation 

Sector: Cookstoves (Wood-Burning)  

Measures Objectives Context Major Barriers Action Impacts 

Promote the 
substitution of 
traditional cook 
stoves (open burning 
fire) by improved 
cook stoves in rural 
municipalities with 

To reduce 
indoor air 
pollution in low-
income 
households from 
rural areas, 
thereby, reduce 

In Mexico, the use of traditional stoves 
in rural areas is still common, and 
covers about 4 million rural households 
using firewood for cooking. In 2010, 
there were around 15 Tg of wood used 
in cookstoves. Indoor air pollution 
(IAP), resulting primarily from 

Technical: Limited 

durability of some 
improved stoves. 

Cost: High cost of 

implemented technology in 
rural areas. 

Social traditions: Lack of 

Improve current 
programs of 
substituting 
traditional 
cookstoves by 
efficient and 
culturally acceptable 

BC emissions 
reduction by 1.7 
Gg in 2020 and 
by 3.2 Gg in 2030 

Health benefit 
from reduced 
indoor air 
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high level of poverty 
(high and very high 
marginalization 
index) 

the adverse 
health impacts 

combustion of biomass in traditional 
cooking stoves in rural areas, is a major 
health and social concern in Mexico.  

Over the past 6 years, there were some 
federal and regional initiatives and 
programs to replace traditional 
cookstoves with more efficient ones to 
reduce exposure to particulate matter 
and the health risks, thereby removing 
a barrier to economic development. In 
this program the cost was covered by 
the government. 

However, the actions taken in the past 
have lacked support and evaluation 
processes to improve the use of stoves; 
this has generated low acceptance and 
inefficiency in rural areas. 

 

awareness among affected 
populations of the risk of 
pollutants exposure and 
the availability of clean and 
efficient cook stoves.  

Information: Need to 

reduce uncertainty in 
activity rate (consumption 
of wood in different areas, 
including urban areas). 

ones. 

Improve emission 
factors and activity 
rate for wood 
burning stoves,  

Assess the 
appropriateness of 
including fuel wood 
consumption in 
urban areas in the 
calculation of fuel 
consumption 

Include participation 
of institutions such 
as SEDESOL, 
SEMARNAT, 
SENER, SEP, 
SALUD and 
industry, in the 
design of mitigation 
measures  for 
cookstoves 

Continue the 
program of 
introducing 
improved stoves in 
Mexico.  

pollution  

Energy saving by 
using more 
efficient 
cookstoves.    

Development of 
social and 
environmental 
policies implemented 
by SEDESOL, 
SEMARNAT, 
CONAFOR, PESA-
SAGARPA; oriented 
to the substitution of 
traditional 
cookstoves (open 
burning fire) with 
improved cook 
stoves in the 
semirural area 

To reduce the 
use of wood as 
a fuel in rural 
areas, thereby 
reduce adverse 
health impacts 
on households 
and control 
deforestation 
problems. 

 

Technical: Limited 

durability of improved 
stoves. 

Financial: High cost of 

implemented technology in 
rural areas. 

Social traditions: 

Preference to use 
traditional cookstoves.  

 

BC reduction by 
2.8 Gg in 2020 
and by 5.3 Gg in 
2030. 

Health benefit 
from indoor air 
pollution 
reduction. 

 Reduction of 
deforestation. 

Sector: Oil and Gas Production 

Measures Objectives Context Major Barriers Action Impacts 

Extended recovery 
and utilization, rather 
than venting, of 
associated gas and 
improved control of 
unintended and 
fugitive emissions 
from the production of 
oil and natural gas  

To reduce the 
amount of 
fugitive gas 
burned.  

To comply with the provisions from the 
Law for the Sustainable Energy Use and 
Climate Change Act, it is necessary for 
PEMEX to participate in programs to 
mitigate GHG emissions through the 
efficient use of electric energy 
cogeneration projects, improve energy 
efficiency in industrial processes, and 
develop infrastructure to use the 
associated gas in the production 
activities. Gas flaring can be reduced by 

Capacity: Lack of a 

methodology to identify, 
assess and develop GHG 
mitigation projects. 

Personal: Low availability 

of expertise in energy 
efficiency projects, as well 
as adaptation and 
mitigation of climate 
change. 

Install systems and 
equipment to 
reduce fugitive 
emissions and 
venting. 

Install more efficient 
flaring systems to 
reduce BC 
emissions. 

Reduction of BC 
emissions by 10.8 
Gg in 2020 and 
13.3 Gg in 2030 
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installing the necessary equipment and 
injection compression in Exploration and 
Production and by ongoing studies and 
analysis to reduce fugitive methane 
emissions. 

Financial: Economic crisis 

cost 

Information: complexity to 

obtain the information. 

Sector: Brick Kilns 

Measures Objectives Context Major Barriers Action Impacts 

Replacing traditional 
brick kilns with 
modern improved 
brick kilns 

To promote the 
use of less 
polluting 
technologies in 
the brick 
production. 

Mexico leads the CCAC initiative to 
mitigate black carbon and other 
pollutants from brick production. 

In Mexico, there are about 17,000 
traditional brick kilns in rural areas. 
Small scale traditional brick production 
represents less than1% of emissions of 
black carbon in Mexico.  

Some traditional brick producers use 
wood. In addition of being based on old 
technologies that are inefficient, they 
are labor intensive and a health risk for 
workers. Improved technologies, 
Modern technologies (tunnel kilns using 
natural gas) as well MK-2 are currently 
in use in Mexico.  

This policy considers two scenarios. 
The first is most conservative and 
evaluates the implementation in the 
technology conversion to modern 
technologies only in the main Mexican 
states that concentrate most of the 
brick producers (Jalisco, Puebla, 
Estado Mexico, Guanajuato, 
Michoacán, San Luis Potosí). The other 
considers the transformation of some of 
the brick kilns producers.  

Information: Brick 

traditional sector is 
predominantly an informal 
sector, and there is not 
enough information 
regarding the activity, the 
economic impacts of 
formal construction sector, 
fuel consumption and 
emission factors to 
develop a targeted policy. 
Uncertainty reduction on 
activity rate. 

Skilled Workers: 

Significant shortage of 
skilled workers for 
construction and operation 
of modern kiln 
technologies.  

Financial: Lack of access 

to funds required by kilns 
owners to shift to modern 
technologies. 

Technical: Better 

knowledge about number 
and brick production 
technology types. 
Emissions factors. 

Develop funding 
mechanism to 
improve the brick 
kilns traditional 
sector. 

Research need to 
be conducted to 
have more 
information about 
this informal sector. 

A more wide social 
strategy is need, as 
many of the 
producers cannot 
shift to improved 
technologies and 
could be better off 
changing to 
alternative 
activities. 

For the first 
measure the 
black carbon 
emissions 
reduction by 0.07 
Gg in 2020 and 
by 0.38 Gg in 
2030 

 

For the second 
measure the 
black carbon 
emission 
reduction is 0.2 
Gg in 2020 and 
0.38 Gg in 2030. 

 

CO2 emissions 
reduction and 
increase fuel 
efficiency. 

Reduction of toxic 
co-pollutants 
(e.g., dioxins and 
furans) emissions  

Health benefit 
from improved air 
quality in cities 
and nearby 
communities.  

Children are not 
longer exposed to 
toxics.   

Transformation of 
traditional brick 
production into new 
technologies by 2030, 
with three horizons in 
2018, 2023 and 2030 
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Working 
conditions are 
improved.  

Living conditions 
for workers and 
their families are 
improved. 

Sector: Energy Generation  

Measures Objectives Context Major Barriers Action Impacts 

Reduce the 
generation of 
electricity with fossil 
fuels to maximum 
65%. 

Increase the use 
of non-fossil 
technology in 
the production 
and generation 
for energy in 
2026.  

Traditionally the generation of energy in 
Mexico has depended on the fossil fuel 
use. Nevertheless, is suitable to 
increase the participation non fossil fuel 
technology. The Prospective for 
Electricity Sector considered possible to 
limit the use of fossil fuels to 65% for 
2024 and increase the use of wind 
farms and nuclear technologies. 

 

Financial: High cost of 

investments. 

Technical: It is necessary 

to conduct auxiliary energy 
generations in the case of 
wind energy. 

Social: It could be possible 

that construction of nuclear 
station find some social 
rejection in Mexico.  

Use renewable 
technologies (wind 
energy) in electricity 
production. 

 

Use renewable 
technologies (wind 
energy) and nuclear 
power plants in 
electricity production. 

 

Black carbon 
emissions 
reduction from 0.5 
Mg to 1.2 Mg. 

 

 

 

Table 15:  Measures to reduce methane 

Sector: Municipal Wastewater Treatment 

Measures Objectives Context Major Barriers Action Impacts 

Improve the 
management of 
wastewater 
treatments plants and 
methane recovery 

To improve 
wastewater 
treatment by 
better operation 
and management 
of the systems. 

Methane emissions from wastewater 
treatment are near 10 % of total 
emissions due to high operational costs 
and low efficiency of the aerobic 
systems. With better operational actions 
a reduction on methane emissions can 
be reached. 

Financial: Municipality 

authorities avoid the use of 
wastewater aerator due to 
operational cost (electricity 
consumption). 

Capacity: Lack of trained 

personnel for operation of 
aerobic wastewater 
treatment. 

Increase the volume 
of treated wastewater  

Improve the 
management of 
wastewater treatment 
plants to reduce CH4 
emissions and 
methane captured. 

Methane 
emissions 
reduction by 36 
Gg in 2020 and 
by 82 Gg in 2030 

Upgrading primary 
wastewater treatment 
to secondary & 
tertiary treatment with 

Methane 
emissions 
reduction by 44 
Gg in 2020 and 
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gas recovery and 
overflow control 

by 104 Gg in 
2030. 

Co-pollutants 
emissions 
reductions. 

Odor reduction. 

Sector: Municipal Solid Waste (Landfills) 

Measures Objectives Context Major Barriers Action Impacts 

Reinforcement and 
promotion of 
programs for waste 
separation of urban 
solid waste (RSU), to 
increase numbers of 
recycling “3R 
programs” (reduce, 
reuse and recycle) 
considered in the 
LGPGIR. 

To reduce 
methane 
emissions from 
landfills to more 
than 60% with 
the lower waste 
generation.  

 

Municipal Solid Waste (MSW) 
generation will increase from 0.97 
kg/person day to 1.2 kg/person-day by 
2030. From the amount of MSW sent to 
final disposal, 60.54% is disposed in 
landfills and controlled sites, 15.93% in 
open dumps and 2.07% is not known 
where it is deposited. With applying 
recycling program such 3R it is possible 
to reduce up to 60% of the MSW 
generated. 

Social: Adherence to 

traditional practices. 
Consumption practices 
with higher waste 
generation rates among 
the population. 

Economic Development: 

Increase in acquisition 
capacity and increase in 
production of waste per 
capita. 

To establish 
programs to separate 
urban solid waste 
(USW), and increase 
the recycling 3R 
programs. 

Methane 
emissions 
reduction 218 in 
2020 and by 753 
Gg in 2030. 

Promote the recovery 
of methane in the 
sanitary landfills and 
the use of energy 
generated 

To capture 50% 
of the generated 
methane from 
landfills. 

Municipal Solid Waste (MSW) 
generation will increase from 0.97 
kg/person-day to 1.2 kg/person-day by 
2030. From the amount of MSW sent to 
final disposal, the 60.54% is disposed in 
landfills and controlled sites, the 15.93% 
in open dumps and 2.07% is not known 
where it is deposited. In landfill organic 
matter decompose by biochemical 
process and during the anaerobic 
process by-products gases are 
generated like methane. This methane 
can be captured in order to produce 
electricity or to be provided to other 
small industries such brick kilns. 

Capacity: there is lack of 

trained personnel for the 
operation of methane 
recovery system. 

Financial: Investment is 

required to implement 
recovery systems and 
availability of funds. 

To promote the 
methane recovery 
from landfills and the 
use of energy 
generation. 

Methane 
emissions 
reduction by 375 
in 2020 and by 
1,065 Gg in 2030. 

Sector: Livestock 

Measures Objectives Context Major Barriers Action Impacts 

Install integrated 
system manure 
management, 

Improved 
manure 
management to 

One of the available measures to 
control methane emissions in the 
agricultural sector comes from the 

Social: Adherence to 

traditional practices due to 
the lack of knowledge to 

To promote the 
installation of 
integrated systems 

Methane 
emissions 
reduction by 8.9 
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including the 
implementation of bio 
digesters and the use 
of methane recovered 
in farms (pork and 
bovine meat and 
milk).   

reduce 
environmental 
impacts of 
different livestock 
systems, 
including 
smallholders and 
landless farming 
systems. 

management of manure from cattle and 
pigs. These emissions represented 
43% from total methane in Mexico. 

In Mexico there are some MDL projects 
that were implemented to capture 
manure and generated energy in rural 
areas 

use better diet. 

Financial: high up-front 

capital costs to implement 
bio-digesters 

Technology: Energy 

produced by this sector is 
not enough for trade.  

Capacity: there is lack of 

trained personnel for 
installation and operation 
of biogas plants, and rapid 
expansion of the 
technology. 

for managing the 
cattle manure, 
including the 
implementation of 
bio-digesters and its 
energy generation in 
farms. 

Gg in 2020 and 
by 18 Gg in 2030. 

Reduction of  N2O 
emissions. 

Reduce odor, air 
and water 
contamination. 

Captured gas is 
used to produce 
energy. 

Improvement in the 
dietary and grazing 
management of the 
cattle, variations in 
the metabolic route, 
etc. 

3% reduction in 
methane 
emission per 
year after 
implementing 
mitigation action 

Enteric fermentation is one of the largest 
methane emissions. Improved cattle 
nutrition (including diet supplement) and 
management can increase productivity 
and reduce methane emission. 

Social: Adherence to 

traditional practices. 

Financial: Additional cost 

for providing new diet. 

Biological: introduction of 

new species (for food and 
cattle). 

To improve the 
nutrition of cattle, 
including diet 
supplement. 

To have more 
detailed emission 
factor that 
considered the age 
of the cattle. 

Methane 
emissions 
reduction by 28 
Gg in 2020 and 
by 63 in 2030. 

 

Increase 
production 
efficiency. 

Sector: Coal Mining 

Measures Objectives Context Major Barriers Action Impacts 

Extended pre-mine 
degasification and 
recovery and 
oxidation of methane 
from ventilation air 
from coalmines. 

To reduce 
methane 
emissions from 
coal mining by 
capturing 
fugitive methane 
emissions and 
coal seams 
degasification. 

During millions of years to form the coal, 
seams, a biochemical process has been 
developing. Such process produces 
large quantities of gaseous by-products, 
such as carbon dioxide and methane. 
Methane is eliminated using the airway 
from the coal seams during the 
extraction process by ventilation. Also, a 
degasification of coal seams is an option 
to reduce emissions. Emissions from 
coal mining represent about 7% of 
methane emissions. 

Information: Currently no 

evaluation projects to 
identify the reduction and 
control of methane 
emissions. 

Policy: Currently no 

standards for methane 
emissions reduction and 
control. 

Financial: high up-front 

capital costs to implement 
degasification and 
recovery systems. 

 

To develop studies 
to evaluate the 
recovery capacity 
and technology 
implementation. 

To promote methane 
recovery issue.  

Methane 
emissions 
reduction 
between 23 and 
31 in 2020 and 
between 46 and 
62 Gg in 2030. 

Improved safety 
for coal miners. 
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Sector: Oil and Gas Production 

Measures Objectives Context Major Barriers Action Impacts 

Extended recovery 
and utilization, rather 
than venting, of 
associated gas and 
improved control of 
unintended and 
fugitive emissions 
from the production 
of oil and natural gas  

To reduce the 
amount of 
fugitive gas 
burned.  

To comply with the provisions from the 
Law for the Sustainable Use of Energy 
and Climate Change Act, it is necessary 
for Pemex to participate in programs to 
mitigate GHG emissions through the 
efficient use of electric energy 
cogeneration projects, improve energy 
efficiency in industrial processes, and 
develop infrastructure to use the 
associated gas in the production 
activities. Gas flaring can be reduced by 
installing the necessary equipment and 
injection compression in Exploration and 
Production and by ongoing studies and 
analysis to reduce fugitive methane 
emissions. 

Capacity: Lack of a 

methodology to identify, 
assess and develop GHG 
mitigation projects. 

Personal: Low availability 

of expertise in energy 
efficiency projects, as well 
as adaptation and 
mitigation of climate 
change. 

Financial: Economic crisis 

due to international 
influence. 

Information: complexity to 

obtain the information 

Install systems and 
equipment to reduce 
fugitive emissions 
and venting. 

 

Install more efficient 
flaring systems to 
reduce BC emissions.  

 

Reduction of 
methane 
emissions by 0.8 
Gg in 2020 and 
by 1 Gg in 2030. 

Sector: Energy Generation  

Measures Objectives Context Major Barriers Action Impacts 

Reduce the 
generation of 
electricity with fossil 
fuels to maximum 
65%. 

Increase the use 
of non-fossil 
technology in 
the production 
and generation 
for energy in 
2026.  

Traditionally the generation of energy in 
Mexico has depended on the fossil fuel 
use. Nevertheless, is suitable to 
increase the participation non fossil fuel 
technology. The Prospective for 
Electricity Sector considered possible to 
limit the use of fossil fuels to 65% for 
2024 and increase the use of wind 
farms and nuclear technologies. 

 

Financial: High cost of 

investments. 

Technical: It is necessary 

to conduct auxiliary energy 
generations in the case of 
wind energy. 

Social: It could be possible 

that construction of nuclear 
station find some social 
rejection in Mexico.  

Use renewable 
technologies (wind 
energy) in electricity 
production. 

 

Use renewable 
technologies (wind 
energy) and nuclear 
power plants in 
electricity production. 

Reduction of 
methane 
emissions 
between 0.11 Gg 
in 2020 and 0.33 
Gg in 2030. 
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CHAPTER 5  NEXT STEPS AND THE WAY FORWARD 

 

 

This chapter draws conclusions from the previous chapters and suggests the next steps that 

could be taken to promote the identified measures for implementation through existing 

government programs, new national initiatives and international cooperation programs. 

 

5.1 Coordination and integration of the process going forward 

The collaborative teams from MCE2 and INECC have made progress towards the overall 

goals set forth in the pilot phase of the SNAP initiative in Mexico with the support from 

SEMARNAT as well as other CCAC partners. This includes preparing the national planning 

framework, gathering the information and acquiring the tools and methodologies for the 

planning and assessment processes. However, much work remains to be continued during 

the second phase of the SNAP initiative, especially in communicating with the stakeholders 

from different sectors to ensure that the national planning process is mainstreamed and 

integrated into existing air quality, climate change and development policy and regulatory 

framework. 

 

As noted in Chapter 1, although there have been individual discussions with different 

ministries and stakeholders, the stakeholder meeting was delay until late April because the 

project coincided with considerable changes in the government structure in Mexico. 

Furthermore, because of the compressed time frame, it was not possible to conduct 

extensive discussion with key stakeholders. Only the mitigation strategies of two sectors - 

cookstoves and transport – were selected by INECC for in-depth discussion at the working 

group session because they are ranked as high priority and because of the availability of 

information and the opportunity to discuss with the stakeholders involved in these two 

sectors. Other sectors will be a focus of future phases.  

The following list some of the activities that could be conducted: 

- Continuation by INECC to lead the discussion of mitigation strategies and barriers 

for implementation with government agencies, academic and research institutions as 

well as non-governmental organizations. 

- Presentation of the preliminary results with government agencies at different levels 

(federal and state) and further refinement of the policy measures presented in this 

initial phase. 

- Further analysis of activity rate and emission factors for relevant sectors, including 

comparison and evaluation with the datasets to be generated from the GEF-

sponsored SLCP Project. 

- Review the methodology for the construction of the economic activities.   

- Discussion with relevant stakeholders about the mitigation measures of other SLCP 

gases (including HFCs) and pollutants, activities and emissions factors. 

- Continue application of the toolkit for benefit assessment (crop production and 

radiative forcing) as well as economic analysis. 

- Prioritization of selected measures for black carbon and methane mitigation by 

evaluating the impacts, co-benefits and cost of implementation. 
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5.2 Checking Robustness of Results 

To make the results more robust, it is necessary to improve the emissions analysis, including 

the activity rate and emission factors for each sector in order to reduce the uncertainties and 

to include confidence bounds for the results using available methods for uncertainty 

estimation (see Appendix C on estimating SLCP emission uncertainty) and to support 

decision-making process. For this project, specific emissions factors for Mexico were used in 

most cases. In some instances, the working groups searched for emissions factors in the 

literature and selected the most appropriate values to use. In a few cases, the analysis of 

black carbon emission factors are made by using total PM2.5 emissions to derive estimates 

for BC emissions applying the EPA methodology [USEPA, 2012]. However, it is important to 

make sure that the emission factors used are source-specific. For the activity rate more 

information at local level could be obtained to improve the database used in the toolkit.  

 

The current emission data used in the toolkit will be reviewed periodically and compared with 

the updated National Emissions Inventory of Mexico and the National Communication of 

Climate Change. In addition, the results obtained from the recent field campaign conducted 

in Mexico to characterize key emissions of black carbon and methane, as part of the GEF-

sponsored integrated assessment of SLCPs led by MCE2 using a mobile laboratory, in 

collaboration with INECC and other Mexican and US academic and research institutions, 

could improve the current knowledge of the uncertainties surrounding the use of various 

SLCPs emission factors in Mexico. 

 

 

5.3 Setting Priorities for Action 

Selecting optimal mitigation measures for black carbon and methane requires taking into 

consideration the full suite of impacts and attempting to maximize co-benefits and minimize 

unintended consequences across all objectives (health, climate, and environment). 

 

This project has identified several important black carbon and methane measures for Mexico 

and has evaluated their impacts using the toolkit. However, in order to prioritize the 

measures for wider implementation, it is necessary to evaluate the criteria for each sector 

carefully, taking into consideration emissions reduction potentials, co-benefits and 

implementation cost. The selection of the priority measures will be one of the focuses for the 

second phase. 

 

 

5.4 Raising Awareness and Building Capacity  

Some of the common obstacles in environmental management include insufficient 

understanding of the connection between the underlying scientific, economic, and social 

issues, and difficulty in comprehensively addressing the problem with limited personnel, 

resources, and infrastructure. There is a clear need to increase the number of professionals 

in Mexico at all levels —in government, industry, and academic institutions— with a basic 

understanding of the different aspects of environmental challenges and opportunities.  
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To address the pressing environmental problems, it is essential to bring together national 

and international experts in science, engineering, economics, and other social and political 

sciences to engage in collaborative investigation that leads to both holistic assessments of 

the complex problems and the development of cost effective integrated control strategies for 

oil and gas, livestock, cookstoves, methane from landfills, wastewater treatment, transport, 

waste open burning and agricultural waste burning. This will necessarily involve face to-face 

interactions among all relevant stakeholders, including the civic leaders responsible for 

protecting the population health and the environment.  

 

As part of the CCAC initiative, there will be opportunities for the SNAP initiative partner 

countries to participate in outreach activities under the CCAC auspices. 

 

 

5.5 Regional and Global Cooperation 

Regional and global cooperation are important to identify emission sources and mitigation 

strategies of SLCPs that could be addressed at international, regional and local levels and to 

share best practices and facilitate future collaboration among the interested partners. 

 

The Molina Center co-organized the regional meeting in Bogota with SEI, in collaboration 

with UNEP and CCAC, and co-hosted by the Ministry of Environment and Sustainable 

Development in Colombia and INECC. The meeting aimed to raise awareness of SLCP 

issues among participating countries and organizations and explore ways to catalyze 

concrete measures, policies, and strategies that mitigate SLCPs in the region. 

Representatives from 20 governments in Latin America and the Caribbean (LAC) supported 

by invited experts from across the region and elsewhere, met on 31 October and 1 

November 2012 to discuss the relevance of SLCPs to the LAC region and strategies for 

reducing emissions across the region.  

 

Many stakeholders from Mexico participated in the meeting, which also included a session 

on regional air pollution convened by UNEP ROLAC and the GAP Forum. Several countries 

participating in the workshop have since joined the CCAC, providing evidence to the 

importance of regional interaction and cooperation. 

 

In addition to the LAC meeting, two other regional meetings were held, one in Accra (African 

region) and the other in Bangkok (Asian region). The regional meetings were co-funded by 

the US State Department with grant to SEI to facilitate action on SLCPs in developing 

countries.  

 

 

5.6 Monitoring 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, including implementation and mainstreaming processes. In order 

to follow the progress of SLCP (methane and black carbon), periodic evaluation of the SLCP 

emissions in key sectors could be conducted, as well as analysis of the health and crop 

impacts based on new data available.  
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5.7 Next Steps 

The objective of the SNAP Initiative is to develop SLCP national planning processes in 

CCAC countries in order to contribute towards rapid and large-scale implementation of 

SLCP mitigation geared to the unique national circumstances, priorities and mix of SLCP 

emission sources. Under the first phase of the initiative, national planning frameworks were 

prepared for four pilot countries (Mexico, Ghana, Bangladesh and Colombia) and 

appropriate tools and methodologies were developed.  

 
In the Phase II, support will be provided to allow those initial plans to move to 

implementation, and to allow more countries to enter the program; to consolidate lessons 

from the first phase, revise the draft guidance and methodologies; upgrade the SLCP toolkit 

to estimate emission scenarios and benefits of emission reductions, and begin incorporation 

of conclusions from CCAC sectoral initiatives. At the same time, links will be developed 

between SLCP planning and regional and global processes and institutions, to facilitate 

widening and scaling up national action.     

 
There are three components to the SNAP Initiative Phase II: 

Component 1: Supporting the development of national SLCP planning processes - 
facilitating action in countries by embedding SLCPs in on-going activities and 
policies, and building capacity to coordinate issues related to SLCPs at the 
national scale to identify national priorities; 

Component 2:  Enhancing tools and approaches to support key steps of the national 
planning process – the development of emission scenarios, estimation of 
benefits of emission reductions to help in prioritizing different measures for 
SLCP reduction; 

Component 3: Fostering linkages and collaboration between national SLCP planning with 
global and regional processes, initiatives and approaches. 

 
The proposed activities in SNAP Phase II will further consolidate and scale up the NAP 

process in the pilot phase countries linking to other CCAC initiatives as appropriate to 

identified priorities, and extend the processes to other countries. It will further develop, 

promote and disseminate the toolkit and guidance document for use by developing and 

developed countries, within and outside the Coalition, and promote national SLCP planning 

by engaging with relevant regional and global policy frameworks and planning initiatives, 

building on the outcomes of the regional intergovernmental consultations.   

 
As illustrated in the previous chapters, Mexican government, through the Ministry of 

Environment and Natural Resources and the National Institute of Ecology and Climate 

Change, are committed to reducing emissions of short-lived climate pollutants and has 

demonstrated this commitment through several efforts at the national and international 

levels, including being one of the pilot countries to participate in the SLCP fast-start national 

planning initiative.   
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The Mexico SNAP project team has made progress in identifying the emissions from key 

sources and important mitigation strategies. However, there are still information gaps that 

need to be obtained and evaluated. 

 

More complete activity rates for landfill, wastewater treatment, waste open burning, non-road 

transport, farm equipment, brick kilns, and cookstoves, and better emissions factors for oil 

and gas, coke ovens, landfill, wastewater, transport, waste open burning, brick kilns are 

needed to characterize impacts of key emissions sources and to evaluate the effectiveness 

of mitigation measures aiming at reducing black carbon, methane and other co-pollutants.  

 

An evaluation in the near future will be the implementation of the measures and the 

reduction in the SLCPs. It is important to continue to promote dialogue on the subject among 

the multi-stakeholders in the public and private sectors, linking with the CCAC initiatives and 

cooperation with international institutions, share best practices with other countries, 

especially in the Americas. Successful implementation of mitigation approaches will require 

raising awareness and capacity building and providing financial resources. 

 

Despite some remaining uncertainties about short-lived climate pollutants, especially black 

carbon that require further research, currently available scientific and technical information 

provides a strong foundation for making mitigation decisions and to implement - through 

appropriate public-private partnerships, financial incentives, dedicated research funds and 

legal frameworks – the selected measures to achieve lasting benefits for public health, the 

environment, and climate protection. 

 

The motivation of the CCAC SLCP national planning initiative is to build commitment at the 

highest level in government to address SLCPs in the context of the countries undertaking 

SNAP process. This is clearly the case in Mexico when President Peña Nieto launched the 

National Strategies on Climate Change on June 3, 2013, which includes SLCP as one of the 

key components for mitigation. This will greatly accelerate the national planning process for 

SLCP in Mexico and integration of SLCP strategies to the green growth/ low carbon 

development strategy envisioned by INECC and SEMARNAT.   
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CHEMICAL SYMBOLS, ACRONYMS AND ABBREVIATIONS 
 
 

3R Reduce, Reuse, and Recycle  

AWMS Animal Waste Management System 

BAU Business As Usual 

BC Black Carbon 

BOD Biochemical Oxygen Demand 

BRT Bus Rapid Transit (e.g., Metrobus) 

CANACAR Cámara Nacional de Autotransporte de Carga  (National Chamber 
of Heavy-Duty Vehicles) 

CCAC Climate and Clean Air Coalition 

CEMEX Mexican Cement 

CFCs Chlorofluorocarbons 

CFE Comisión Federal de Electricidad (Federal Electricity Commission) 

CH4 Methane 

CIATEC Centro de Innovación Aplicada en Tecnologías Competitivas 
(Applied Innovation Center in Competitive Technologies) 

CIESIN Center for International Earth Science Information Network 

CNA Comisión Nacional del Agua (National Water Comission) 

CO Carbon monoxide 

CO2eq. Carbon dioxide equivalent 

CONABIO Comisión Nacional para el Conocimiento y Uso de la Biodiversidad 
(National Commission for the Knowledge and Use of Biodiversity) 

CONAFOR Comisión Nacional Forestal (National Forestry Commission) 

CONAPO Consejo Nacional de Población (National Population Council) 

DGCAyRETC Dirección General de Gestion de la Calidad del Aire y Registro de 
Emisiones y Transferencia de Contaminantes (General Direction for 
Air Quality Management and Pollutant Release and Transfer 
Register) 

EPA United States Environmental Protection Agency. Also cited as 
USEPA 

GAP Forum Global Atmospheric Pollution Forum 

GEOS Goddard Earth Observing System 

Gg Giga grams (1 billion grams; equivalent to 1 kilotonne) 

GHGs Greenhouse Gases 

GWP Global Warming Potential 

HCFCs Hydrochlorofluorocarbons 

HFCs Hydrofluorocarbons 

IAP Indoor air pollution 

CICC Comisión Intersecretarial  de Cambio Climático (Inter Ministerial 
Commission on Climate Change) 

INECC Instituto Nacional de Ecología y Cambio Climático (National Institute 
for Ecology and Climate Change) 

INEGEI Inventario Nacional de Emisiones de Gases de Efecto Invernadero 
(National Inventory of Greenhouse Gases) 

INEGI Instituto Nacional de Estadística y Geografía (National Institute of 
statistic and Geography) 
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IPCC Intergovernmental Panel for Climate Change 

LEAP Long-range Energy Alternatives Planning System 

LEDS Low Emissions Development Strategy 

LEV Low Emission Vehicle  

LLGHGs Long-lived Greenhouse Gases 

LPG Liquefied petroleum gas 

LPGIR Ley General para la Prevención y Gestión Integral de los Residuos 
 (General Law for the Prevention and management of Residues) 

MCE2 Molina Center for Strategic Studies in Energy and the Environment 
(or Molina Center for Energy and the Environment) 

MDL Mecanismo de Desarrollo Limpio (Clean Development Mechanism) 

Mg Megagram (1,000,000 grams) 

MSW Municipal Solid Waste 

NAP NAational Planning 

NEI National Emission Inventory 

NHx Ammonia 

NMVOCs Non Methane volatile Organic compounds 

NO2 Nitrogen dioxide 

NOM Official Mexican Standard 

NOx Nitrogen oxides 

O3 Ozone 

OC Organic Carbon 

ODSs Ozone-Depleting Substances 

PEACC Plan Estatal de Acción Climática (State Action Plan on Climate 
Change) 

PEMEX Petróleos Mexicanos (Mexican Petroleum) 

PESA Proyecto Estratégico de Seguridad Alimentaria (Special Program for 
Food Security) 

Pg Peta grams (1015 g) 

PM Particulate Matter 

PM2.5 Particles less than 2.5 micrometers in diameter 

ppb Parts per billion 

ppm Parts per million 

PROAIRE Programa para Mejorar la Calidad del Aire de la Zona Metropolitana 
del Valle de México (Program to Improve air Quality in Mexico City 
Metropolitan Area) 

RF Radiative Forcing 

ROLAC Regional Office for Latin America and the Caribbean 

RR Relative risk 

RSU Urban solid waste 

SAGARPA Secretaría de Agricultura, Ganadería, Desarrollo Rural, Pesca y 
Alimentación (Secretariat of Agriculture, Livestock, Rural 
Development, Fisheries and Food) 

SALUD Seceataría de Salud (Ministry of Health) 

SCT Secretaría de Comunicaciones y Transportes (Ministry of 
Communication and Transportation) 

SEDESOL Secretaria de Desarrollo Social (Ministry of Social Development) 

SEDUMA Secretaría de Desarrollo Urbano y Medio Ambiente en Yucatán 
(Yucatan Ministry of Environment and Urban Development) 
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SEI Stockholm Environment Institute 

SEMARNAT Secretaría de Medio Ambiente y Recursos Naturales (Ministry of 
Environment and Natural Resources) 

SENER Secretaría de Energía  (Ministry of Energy) 

SLCP Short-lived Climate Pollutants 

SNAP Supporting NAtional Planning 

SIMEPRODE Sistema Integral para el Manejo Ecológico y Procesamiento de 
Desechos 

SO2 Sulfur dioxide 

SOx Sulfur Oxides 

SPABC Secretaría de Protección al Ambiente de Baja California (Baja 
California Environmental Protection Ministry) 

Tg Tera grams 1012 g ( 1 millon Tonnes) 

Tonnes Metric tonnes  (1 tonne = 1 Mg) 

UBA Combustible Ultra Bajo Azufre (Ultra-low sulfure fuel)  

ULS Ultra Low Sulfur 

UNAM-CCA Universidad National Autónoma de México Centro de Ciencias de la 
Atmosfera (Mexico National Autonomus University - Atmospheric 
Science Center) 

UNEP United Nations Environment Programme 

UNFCCC United Nations Framework Convention on Climate Change 

USA United States of America 

USAID US Agency for International Development 

USCUSS Uso del suelo, Cambio del Uso del Suelo y Silvicultura (Land 
Use, Land-Use Change and Forestry) 

VOC Volatile Organic Compounds 

W/m2 Watt per square meter 

WMO World Meteorological Organization 

  
 

http://www.inecc.gob.mx/descargas/cclimatico/inf_inegei_usos_tierra_2006.pdf
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A1  Project Meetings 

Several meetings were organized with the core group of the project consisting of MCE2 

personnel and consultants. This team is responsible for developing and implementing the 

project activities and presenting to the INECC personnel for discussion. The meetings 

focused on the distribution of the tasks among the researchers with a view to developing 

the roadmap for the National Planning.  

 

A series of Project team meetings involving INECC and MCE2 personnel, consultants, as 

well as collaborators from SEMARNAT, were conducted to acquire, discuss and compile 

the local information and database required as input to the toolkit and to identify mitigation 

measures specific for Mexico. The teams were divided into several working groups to 

facilitate discussions and information gatherings. Nine key sectors of black carbon and 

methane were identified and analyzed: agriculture (livestock, sugarcane burning and 

tillage), transport (diesel and gasoline vehicles), waste (municipal waste open burning, 

landfill, wastewater), fossil fuel extraction and distribution (coal mining, oil and gas, coke), 

residential (wood-burning cookstoves), industrial processes (pig iron, brick kilns), power 

generation, wildfires, industry and services. Information and data obtained from those 

activities were used as input to the Rapid Emissions and Scenario Assessment Toolkit 

developed by SEI to assess emissions and trends and to obtain results that support the 

analysis. A list of the project meetings is presented in Table A1. 

 

 

 

  



Supporting National Planning for Short-lived Climate Pollutants Initiative (SNAP) in Mexico   101 

 

 

Table A1. Project Meetings 

Date Topic Participants 

10-Jan-13 Project meeting (Introduction) MCE2 (staff and consultants) 

21-Jan-13 Guidelines review and comments MCE2  

21-Jan-13 Briefing on GEF-SLCF and CCAC-SNAP projects MCE2, SEMARNAT (DGCAyRETC) 

21-Jan-13 Briefing to INECC DGs MCE2, INECC  

28-Jan-13 
Project introduction to INECC and Toolkit 

requirements 
INECC, MCE2 

05-Feb-13 Project meeting MCE2  

14-Feb-13 
Briefing and request for emissions inventory 

database 

SEMARNAT (DGCAyRETC), MCE2 

team 

15-Feb-13 Progress report and request for LEAP database INECC, MCE2  

18-Feb-13 Data request to SEMARNAT  
INECC, SEMARNAT(DGCAyRETC), 

MCE2  

20-Feb-13 Working Group on Agriculture INECC, MCE2  

20-Feb-13 Working Group on Oil and gas production  
INECC, SEMARNAT (DGCAyRETC), 
MCE2  

21-Feb-13 

Stakeholders identification, SLCP policies INECC, MCE2 

Working Group on Macroeconomics 

INECC, SEMARNAT, MCE2  
Working Group on Transport 

Working Group on Municipal waste 

Working Group on Wastewater treatment 

22-Feb-13 

Working Group on Brick kiln production 

INECC, MCE2 Working Group on Residential wood burning 

Working Group on other industries  

04-Mar-13 
Working Group on Transport 

INECC, SEMARNAT (DGCAyRETC), 

MCE2  

Project team meeting MCE2  

15-Mar-13 Transport, agriculture, waste water, wood burning 
INECC, SEMARNAT (DGCAyRETC), 
MCE2  

19-Mar-13 Project meeting (preparation for Toolkit Workshop) INECC, MCE2  

21-22 Mar-13 Toolkit Workshop (SEI Boston) INECC, MCE2, SEI, Colombia teams 

26-Mar-13 

Project meeting (Toolkit application) INECC, MCE2  

Working Group for solid waste sector: Activity rate 
and emission factors 

INECC, MCE2  

27-Mar-13 

Working Group for transport sector: Activity rate 
and emission factors 

INECC, MCE2  

Working Group on Health impacts: Factors for 
Mexico 

INECC, MCE2  

1-Apr-13 Meeting with SEMARNAT on INEM-2008  
INECC, SEMARNAT (DGCAyRETC), 
MCE2  
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Date Topic Participants 

2-Apr-13 
Teleconference Meeting about the Toolkit: go to 
meeting to report bugs in the LEAP toolkit.  
Also session on (Q and A) 

SEI, INECC, MCE2  

 
Working Group for cookstoves: Activity rate and 
emission factors 

INECC, MCE2 

3-Apr-13 

Working Group for brick kilns: Activity rate and 
emission factors 

INECC, MCE2 

Working Group for forest sector: Activity rate and 
emission factors 

INECC, MCE2 

Working Group for transport: Activity rate and 
emission factors 

INECC, MCE2 

4 Apr-13 

Working Group for wastewater: Activity rate and 
emission factors 

INECC, MCE2 

Working Group for open burning waste: Activity 
rate and emission factors 

INECC, MCE2 

Working Group for livestock: Activity rate and 
emission factors 

INECC, MCE2 

Working Group for cookstoves: Activity rate and 
emission factors 

INECC, MCE2 

Working Group for industry: Activity rate and 
emission factors 

INECC, MCE2 

11-Apr-13 Project meeting: Progress report. INECC, MCE2 

17-Apr-13 Project meeting (presentation of Toolkit results) INECC, MCE2 

26-Apr-13 Stakeholders Meeting See separate list 

7-Jun-13 

Database, changes in LEAP file  
Changes in assumptions and final emissions for 
each sector  
Oil & gas issue  
Changes in the benefit model  

INECC, MCE2 

20-Jun-13 Progress report on the projections for each sector INECC, MCE2 

26-Jun-13 
Review of the Calculation Methods by sector: 
Brick Kilns, Cookstoves, Oil and Gas, Coke, Coal 
Mining 

INECC, MCE2 

27-Jun-13 
Review of the Calculation Methods by sector: 
Energy, Transport, Landfill, Open burning 
municipal solid waste, Wastewater, Metals 

INECC, MCE2 

1 Jul-13 
Review of the Calculation Methods by sector: 
Agriculture, Wastewater, Metals 

INECC, MCE2 

3-Jul-13 
Review of the Calculation Methods: Industry and 
Services sector 

INECC, MCE2 

26-Jul-13 
Review of emission factors for Services and 
Industry sectors 

INECC, MCE2 

19-Sep-13 Revision of Diesel emission factors for Services INECC, MCE2 
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A2  Stakeholders Meeting on Mitigation Strategies of Short-lived Climate 

Pollutants   

 

A2.1. Agenda 

 

                 
 

 
Meeting on Mitigation Strategies of Short-lived Climate Pollutants 

Friday, 26 April 2013 
Hotel Royal Pedregal, Mexico, D.F. 

 
 
Objective: To identify the mitigation strategies of Short-lived Climate Pollutants from a review of 
recent scientific findings as well as from projects currently carried out in Mexico on this topic 
 
Conveners: National Institute of Ecology and Climate Change, Climate and Clean Air Coalition, 
United Nations Environment Programme and the Molina Center for Energy and the 
Environment. 
 
9:20 – 10:00  Welcome and Inauguration 
          Luisa Molina, MCE2 
          Seraphine Haeussling, UNEP 
          Rodolfo Lacy, SEMARNAT 
          Francisco Barnes, INECC 
 
10:00 – 10:30  Opportunities for the integration of mitigation strategies of Short-lived Climate 

Pollutants into national policies.  
Rodolfo Lacy, Sub-secretary for Planning and Environmental 
Policy SEMARNAT 

 
11:00 – 11:30  The Low Carbon Emissions Development Strategy (LEDs): development and 

integration process of Short-lived Climate Pollutants 
Dr. Francisco Barnes, General Director of INECC 

 
11:30 – 12:00   Short-lived Climate Forcers and local effects. Dra. Leonora Rojas, INECC 
 
12:00 – 12:30    Break 
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Actions on Short-lived Climate Forcers 
 
12:30 – 13:30 General aspects and current status of the “Integrated responses to Short-

Lived Climate Forcers” project.  
Luisa Molina, MCE2 

 
13:00 – 13:30 The Climate and Clean Air Coalition and the initiative to support the planning 

process on Short-lived Climate Pollutants.  
Beatriz Cárdenas, INECC 

 
13:30 – 14:00  Questions, answers and conclusions of the morning session 
 
14:00 – 15:30    Lunch 
 
15:30 – 18:00 Workshops on identification of mitigation strategies of Short-lived Climate 

Pollutants in transport sector and on the use of firewood for cooking (parallel 
sessions) 

 
 
Session A: Identification of SLCP mitigation strategies in the transport sector 
Moderator: Ivan Islas 
Rapporteurs: Andrés Aguilar, Rocío Fernández, Thalia Hernández, Tania López 
 

15:30 – 16:00  Baseline of Short-lived Climate Pollutants emissions 

16:00 – 16:30   Identification and mapping of sector’s public policies 

16:30 – 17:00   Identification of mitigation strategies 

17:00 – 18:00   Assessment of mitigation strategies 
 
 
Session B: Identification of strategies on the use of firewood for cooking 
Moderator: Beatriz Cárdenas 
Rapporteurs: Rodolfo Iniestra, Carolina Inclán, Ingrid Pérez, Abraham Ortínez 

 

15:30 – 16:00   Baseline of Short-lived Climate Pollutants emissions 

16:00 – 16:30   Identification and mapping of public policies 

16:30 – 17:00   Identification of mitigation strategies 

17:00 – 18:00   Assessment of mitigation strategies 
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A2.3  Working Group Session A 

Mitigation strategies for transport sector 

 

Moderators:   Ivan Islas, Rocío Fernández  

Rapporteurs: Miguel Zavala, Agustin Garcia, Thalia Hernández 
 

Attendees: Itzchel Nieto, Elizabeth Mosqueda, María Barrios, Eduardo Olivares (SEMARNAT); 

María Huertas, Jessica Garzón, José Huertas (Centro de Investigación de Mecánica 

Automotriz); Miguel Magaña, Natalia Reyna, Santa Centeno, Andrés Aguilar, Thalia Hernández, 

Iván Islas, Rocío Fernández, Leonora Rojas, Guillermo Encarnación, Valter Barrera (INECC); 

Georg Schmid, Gloria Pérez, Karen Martínez  (GIZ); Agustín García (UNAM, MCE2); Gerardo 

Ruiz (UNAM); Angélica Velásquez, (CINPRO); Hilda Martínez, (CTS EMBARQ México); Jorge 

Sarmiento, Mercedes Andrade, Saúl Rodríguez (SMA-DF); Lourdes Becerra (Centro Mario 

Molina); Miguel Zavala, Luisa Molina (MCE2). 

 

I. Introduction,  Comments and Suggestions 

 

Summary: 

This Working Group aimed to bring together experts from various fields within the transport 

sector to discuss ways to improve the design and implementation of mitigation strategies of 

SLCPs emitted from mobile sources through the use of the LEAP toolkit. The meeting is 

relevant because the transport sector is a key component of the SLCPs project in Mexico due to 

the potential large benefits associated with SLCPs mitigation strategies. 

The workshop started with an introduction by Ivan Islas and Rocío Fernandez describing the 

goals and outline of the session.  

During the first part, Ivan and Rocío described the methodology followed for estimating the 

emissions from the transport sector in Mexico for the base case and the projected emissions 

scenarios, as well as a summary of the preliminary results. The following are some key points 

for this part of the session. 

 The methodology followed for estimating the emissions included the compilation and use of 

three datasets: fleet size by vehicle type, PM2.5 emission factors, and vehicular activity. Thus, 

for each vehicle type the emissions are estimated as: 

Emissions = (PM2.5 Emission Factor) x (fleet size) x (survival rate) x (km-per-year) 

Emissions of black carbon are then estimated by assuming BC/ PM2.5 emission ratios for each 

vehicle type. 

 The estimations were based on PM2.5 emissions factors vehicle activity databases of the 

2008 National Emissions Inventory (2008 INEM), a Transport Model from the Instituto 

Mexicano del Petroleo (IMP) for the survival rates, and an in-house INECC study for the km 

per year data. For heavy-duty vehicles the national GDP growing rate was assumed in the 

projections with an elasticity of 1.3695. For the light-duty vehicles the elasticity was of 0.859 

based on a study by AT Kearney [2011]. 
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 The current estimates do not include the emissions from imported vehicles. 

 In the current estimations, two scenarios based on mitigation strategies were considered: 

- In Scenario 1, from 2016, there is complete use of ultra-low sulfur (ULS) fuels in the 

country and widespread use of best available diesel vehicle technologies (Tier II Bin 3 for 

light duty vehicles and EPA-2010 for heavy duty diesel vehicles). Emission reductions of 

black carbon of about 40% with respect to the base case were estimated in this Scenario. 

- In Scenario 2, the average age of vehicles is reduced from 15 to 11 years by increasing 

the removal rate of older (more polluting) heavy duty diesel vehicles. In this Scenario, 

diesel vehicles over 35 years are removed from the fleet and about 9% reduction in black 

carbon is obtained. 

- The total emissions reduction of applying both measures is 49%. 

 

II. Emissions development: Baseline  

The second part of the session was focused on the discussion of possible improvements to the 

current estimates as well as the introduction of additional SLCPs mitigation strategies for the 

transport sector. In addition, the participants asked questions on how some specific aspects of 

the calculations were treated and whether the estimates may improve using additional 

information. 

The following are some key points that were discussed as potential actions for improving the 

emissions estimations. 

 It is important to consider the price elasticity in the technologies because it can reduce the 

technology penetration due to the incremental vehicle cost. 

 In the construction of emission scenarios, an explicit treatment of supper emitters may be 

helpful to elucidate their contribution to the emissions in the transport sector. 

 The vehicle activity database used for the estimation of the emissions do not account for the 

differences between the chassis-vehicle model year and the age of the motor. The 

interchange of motor and chassis is a common practice among operators and owners of 

heavy duty diesel vehicles in Mexico. Knowledge of the widespread of this activity may help 

in reducing the uncertainties in the estimates. 

 It was cautioned that the estimates are based on the use of the Mobile6 EPA model (used in 

the 2008 MNEI) alone. This is because in reality there is a continuous increase of Euro 

technologies being introduced in Mexico and this will likely continue in the future. 

 It was noted the limitations for using the Mobile EPA for PM2.5 emission factors since this 

model does not provide variations in time for each vehicle model years. In addition, the time-

varying degradation of emissions factors should also be considered. 

 It was noted the importance of including in the estimates the vehicles imported to Mexico. 

This is because this is also a common practice in the Mexico-US Border States and often 

these vehicles have poor emission performance. 
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 It was recommended the use of the MOVES 2010 model instead of the Mobile6. 

 

III. Recommendations 

 A wide range of mitigation strategies based on various forms of regulations were discussed, 

including: 

- Stringent emission standards for heavy-duty diesel vehicles. 

- New standard on vehicle maintenances for “tracto-camiones” and intra-city buses, similar 

to the “verificentros”. 

- Regulation on Inspection based on new measurement technologies (e.g., on-board 

diagnosis and remote sensing). 

- Standards on fuel consumption rates for new diesel vehicles. Norm 044 is currently 

outdated. 

- Standards on chassis-geometric and maximum loads guidelines for improving fuel 

efficiency in the cargo transport vehicles. 

- Standard on energy efficiency for heavy vehicles. 

- Stringent standards for imported vehicles that should include standard certification from 

the country of origin. 

- Development of an emission standard for vehicles used in waste management. 

 Vehicle scrapping programs often fail in Mexico. Participants mentioned the need to explore 

mitigation strategies based on better-designed financial aid programs.   

 Improve of energy efficiency through outreach programs for vehicle operators on efficient-

driving measures. 

 Development of a program for the selective retrofitting of heavy-duty diesel vehicles. 

 Increase of urban public transport using natural gas as fuel. 

 Establish logistics improvement models for fuel-efficient cargo vehicles. 

 Stronger change of the use of diesel vehicles to be driven with cleaner fuels (including 

natural gas, biofuels, and reformulated fuels). 

 Change of modal transportations for the cargo sector using trains for specific routes. 

 Studies evaluating benefits with energy efficiency can be performed using the money saved 

from the fuel subsidy. 

 Local authorities should be involved in the regulation of the fleet. 
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A2.4  Working Group Session B  

Mitigation strategies for the use of wood for cookstoves 

 

Moderator:    Beatriz Cardenas  

Presenters: Rodolfo Iniestra, Carolina Inclan, Abraham Ortinez, Ingrid Perez  

Rapporteurs: Rodrigo Gonzalez, Ina Salas, Carolina Inclán, Rodolfo Iniestra 
 

 

Attendees: Mildred Castro, Mildred Trejo, Oscar Leon (SEMARNAT); Enrique Kato (CIATEC, 

A.C.); Victor Berrueta (GIRA); Lorena Gonzalez (SRE); Carolina Inclan, Rodolfo Iniestra, Beatriz 

Cardenas, Ingrid Perez (INECC); Rodolfo Diaz, Joaquin Quiroz (HELPS); Maite Cortes (CEJ); 

Rodrigo Gonzalez, Ina Salas (MCE2); Marisela Ricardez (UCAI-SEMARNAT); Manuel Mayorga 

(SEDESOL); Carlos Garcia (UNAM); Yuriana Gonzalez (GIZ) 

 

I. Introduction, comments and suggestions 

 

II.  Emissions development: Baseline 

 

1. It was mentioned that the estimates obtained from Masera et al. [GIRA, 2012] of the use of 

wood were the most up to date estimates for the development of the baseline. 

2. Urban and suburban areas in Mexico use wood in cookstoves and excluding these 

consumers from the total emissions calculation might result in underestimation of the 

emissions baseline. Therefore, it was suggested to reconsider its inclusion in the definition 

of the baseline. 

3. In the country, urban areas represent only 0.05% of the total use of wood as a fuel for 

cookstoves.  

4. More than 500,000 cookstoves were already introduced in Mexico before 2010. This should 

be considered in any estimation of the baseline emissions. 

5. FAO estimates that about 90 to 95% of the wood consumption in Mexico is used for 

cooking.  

6. It was suggested to consider a per capita use of 2.1 Kg of wood at a national level since it 

represents the average use per ecological macro-region which takes into account the 

regional differences in consumption patterns. An option would be to consider the weighted 

average consumption by municipality according to the fraction of its territory covered by 

different ecological macro-region that is reported in Masera et al. 2012 study. 

7. The emission factors that have been used in the estimations of INECC seemed 

conservative; however, it is a good indication considering that they come from studies 

developed in Mexico. It was concluded that more studies with different technologies of 

cookstoves, different types of firewood, and field study are needed. 
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8. There is a need to quantify and differentiate the concepts of household and home since this 

might cause biases on the estimation of wood usage, thus, resulting in biased emissions. 

 

III. Recommendations: 

 It was recommended to develop an analysis about the consumption of animal dung as a fuel 

for cookstoves; they have more heat capacity than wood and they have been used when 

there is shortage of wood. 

 It is necessary to know the lifetime of cookstoves to develop replacement policy. 

 It is important to generate synergies with INEGI since it is the institution that compiles all the 

official information 

 There is a need to quantify the heat capacity of different types of wood. 

 There are surveys developed by INEGI that quantify the use of wood. However, the 

information is classified as it contains private information from users. 

 SEMARNAT proposed to use policies to a shorter time span. 

 The Global Alliance for Clean Cookstoves should be used as a mechanism to follow up with 

the synergies in the topic. 

 It is important to promote more communication between federal and state agencies since 

they have information on the topic as well. 

 

IV. Mitigation strategies for total or partial replacement of “open fire cookstoves” to 

efficient cookstoves. 

1. It was stated that 100% substitution of stoves for 2030 is possible but unrealistic, since 

although people have improved stoves at home, they never cease to use the open fire 

cooking completely. 

2. Attention should first be placed on 16 states that consume 90% of wood for cookstoves. 

Then policies can move to a national level after working with the 16 states. 

3. Definition and design of any mitigation strategy should include participation of all stake 

holders, including, SEP, SEDESOL, SEMARNAT, SENER, SALUD and the cookstove 

manufacturers. 

4. If cookstoves are installed it is necessary to consider a strategy for adaptation, capacity 

building and ownership of the program by the community. This strategy is to maintain, fix 

and develop new cookstoves if needed. 

5. It was suggested that the authorities need to develop norms to regulate the technical 

characteristics and minimum efficiency; durability and retrofit for cookstoves development 

Nevertheless, complications on the instrumentation of the policies by the federal 

government were highlighted and need to be considered. 
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9. Finally, it was mentioned that SEDESOL is planning to follow up with the program of 

replacing traditional stoves with improved stoves. However, currently the implementation 

pathway is not clear. 
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APPENDIX B SUPPORT THE DEVELOPMENT OF THE “RAPID EMISSIONS AND 

SCENARIO ASSESSMENT TOOLKIT” 

 

 

 

Contents 

 

B1 Introduction 

 

B2 Description of data included in the toolkit for Mexico 

 

B3 Review of the toolkit from the Mexico SNAP Project teams 
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B1  Introduction 

 

One of the components supporting the development of the CCAC SNAP initiative for SLCPs 

was the preparation of a user-friendly “Rapid Emissions and Scenario Assessment Toolkit.” The 

toolkit was developed by SEI and is intended to provide countries with a structured national 

accounting framework for energy policy analysis and climate change mitigation; it allows a 

construction of base year SLCP inventory as well as baseline (“no action”) and mitigation 

scenarios, and it is intended to be linked to impact models to quantify benefits of SLCP 

mitigation. 

 

The Toolkit is based on the static (single year) GAP Forum Emission Inventory Spreadsheet 

(v5.0) developed at SEI-York, featuring extensive defaults for emissions factors and 

documentation. It is implemented in SEI’s LEAP Modeling System as a dynamic, scenario-

based analytical framework, which can be easily adapted for use in most countries. The LEAP 

Modeling System was updated to better handle SLCPs by adding 20-year GWP values of 

pollutants to LEAP, more flexible handling of user-defined variables and updating default set of 

pollutants to include black carbon (BC), organic carbon (OC), and fine particles (PM2.5). In most 

cases, the default emission factors34  contained in the model will be adequate (although they 

could be replaced by national emission factors if available). In addition to emission factors, data 

on the relevant activity rates35 are needed to be able to calculate more accurate emissions. 

 

The first draft of the Toolkit was released by SEI in late February, 2013 to the four pilot 

countries.  Draft data requirements were provided to help each country starting the process of 

gathering data needed for modeling SLCP projections. Each country is responsible for adding 

country-specific base year data and developing baseline projections as well as potentials for 

SLCP mitigation actions and policies and creates SLCP mitigation scenarios.   

 

A separate Benefit Assessment Calculator, in the form of an Excel spread sheet, was made 

available by SEI in mid-March. However, it is still under development and is currently only able 

to assess impacts on human health from exposure to PM. At this stage, the Toolkit is very much 

a work in progress and will need to be completed, debugged and reviewed by experts to verify 

its robustness.  

 

B2  Description of data included in the toolkit for Mexico 

 

The data considered in the toolkit are organized under the following major categories: Key 

assumptions, Demand, Transformation, Resources and Non-Energy Sector Effects. The time 

period considered is between 1998 and 2008 for historical data when available. 

 

                                                
34

 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. 

35
 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.  
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A set of intermediate variables are located in the Key assumptions category, these variables are 

useful to derive the other categories. Some of the variables are: Gross Domestic Product (GDP) 

for the country, total, rural and urban population, cement production, households and user-

added data that can be used to create future projections from specific sectors (i.e., wood 

burning consumption trend, iron and steel production, fuel consumption trends, etc.) 

 

The Demand category considers the structure of the energy demand analysis and includes sets 

of branches; only Residential (wood burning cookstoves) and Manufacturing and Construction 

(brick kilns) areas were used for this Project. A branch called Transport was not used; the 

Detailed Transport branch used was under the non-energy category. 

 

Transformation category simulates the conversion and transformation of energy forms from the 

point of extraction to the final user. This category includes the Energy Generation branch but it 

is not used here. The branch used for Energy Generation (electricity) is located under the Non-

energy category. 

 

Resource category presents the production of indigenous resources and the import and export 

of secondary fuels (i.e., coke). This category was not used for this project. 

 

Non-energy category can be used to create scenarios for non-energy related impacts and its 

branches can be used for inventories and scenarios of greenhouse gas emissions. The 

following branches included in this category were used for this Project: 

 

 Fugitive emissions (from PEMEX, coal mining and coke) 

 Detailed transport 

 Industrial process emissions 

 Livestock (enteric fermentation and manure management) 

 Agricultural burning  

 Energy generation 

 On site burning of forests and grassland  

 Waste incineration 

 Methane from municipal solid waste in landfills 

 Methane from domestic waste water  

 Industrial and services energy consumption 

 

In addition to the baseline, two scenarios are included in the mitigations actions in this Project 

(see Section 3.5 - policy scenarios control 1 and control 2). 
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B3  Review of the toolkit from the Mexico SNAP Project teams 

 

The Mexico SNAP Project teams have been using the Toolkit since it was released in late 

February. Several attended a training workshop organized by SEI-US in late March, which was 

very useful. The teams have been involved in the various stages of the Toolkit development and 

contributed in addressing some of the problems encountered during the early development 

process. It is anticipated that with further development and refinement during Phase 2, the 

Toolkit and the Benefit Assessment Calculator could be a very useful tool for the SNAP as well 

as other CCAC initiatives. 

 

In order to improve the future refinement of the toolkit, the following are some comments 

provided by the users.   

 
General comments:  

 The short time and the delay for the toolkit developers to prepare the toolkit and the 

Benefit Assessment Calculator for the SNAP initiative has been a major concern and 

contributed to the complications encountered by the users in applying the toolkit. 

There were bugs in the early versions of the Toolkit that crashed the LEAP program and 

some information and work were lost. Similarly, several glitches were also encountered 

by the users of the Benefit Assessment Calculator. This has taken extra time and efforts 

for the users to apply the toolkit/calculator and to perform the analysis.  

 It will be helpful to develop a manual for the toolkit and the benefit calculator or 

provide more extensive online tutorial to make the toolkit more user-friendly.  

 The approach used in the toolkit could be refined; in the basic tree there were some 

branches that were not used because of lack of data or technical/training constraint, 

which could be surmounted with additional time or training.   

 

Specific comments: 

 The nature of the toolkit prioritizes the approach of energy demand over emissions, 
reducing the flexibility to create new categories with user-defined variables, intended to 
estimate only emissions. Furthermore, the toolkit seems to be designed for countries 
with little to no emission inventories and represents an obstacle for those with emissions 
data. 

 

 The toolkit did not allow to model or to generate emission scenarios for all sectors. In 

some cases, it only worked for visualizing data from a specific sector in comparison to 

the total. 

 

 Suggest improve data importation from Excel to LEAP (e.g., in some cases, data had to 

be typed in manually, which was tedious).  
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 Importing a branch from one version of LEAP to another did not result in the total 

copying of the data. In some cases, many sub-branches/categories were not imported 

correctly and some (sometimes all) data was lost.  

 

 It was not easy to detect the “modeling” error in the program until the visualization 

phase. There is no intermediate step that allows for checking consistency of the 

calculations. 

 

 Suggest improving communication between toolkit developers and the users. In some 
instances, the users were not able to solve technical problems on a timely manner.   
 

 Suggest improving the “saving” process. Users had plenty of experiences in which a 

change in a category was not correctly saved by LEAP and the changes were not shown 

after closing and further opening the toolkit.   

 

 There is no easy way for two teams to add information on different branches 

simultaneously on the same LEAP database.  

 

 Suggest improving graphic exportation. In some cases, when there are 4 or 5 graphics 

to export, the programs asked to be closed or to create a new one. 
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APPENDIX C SLCPS EMISSION UNCERTAINTY ESTIMATES  
 
 

 

Contents 

 
C1. Sensitivity analysis for health benefit assessment tool 
 

C2.   Identification of benefits for each sector 
 

C2.1 Case study:  Cookstoves 
 
C3. SLCP emission uncertainty estimates 
 
  C3.1 Case study:  Cookstoves 
 

C4. Conclusions 
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C1. Sensitivity analysis for health benefit assessment tool 
 
In order to evaluate the influence of changes in concentrations on the health impacts a set of 

test runs were made considering hypothetical reductions. The health benefit assessment tool kit 

uses emissions of black carbon, organic carbon, sulfur dioxide, nitrogen oxides, ammonia, other 

PM2.5, carbon monoxide, non-methane volatile organic compounds and methane as input to 

estimate health impacts. The tool kit also requires information on demographics including: total 

population, population aged 30+ years, and doses-effect parameters for cardiopulmonary 

disease, lung cancer and respiratory diseases. With the procedure described elsewhere, the 

tool kit transforms the emissions into annual concentrations and the estimated concentrations 

are distributed in a domain area that covers Mexico. Using the same grid domain, the population 

and concentrations-population-weighted PM2.5 concentration fields are obtained for estimating 

heath impacts. 

 

The procedure for doing the sensitivity analysis is as follows: first, a baseline emissions 

distribution for the end year (2030) is obtained from the JRC emissions scenario for all the 

required pollutants. The health benefit is estimated by acquiring the differences between two 

scenarios, one is the base scenario (BAU) and the other is a scenario with applied control 

measures (reductions scenario, RS). Both scenarios consider 9 compounds (black carbon, 

organic carbon, sulfur dioxide, nitrogen oxides, ammonia, other PM2.5, carbon monoxide, non 

methane volatile organic compounds and methane).  

 

For the first pollutant a reduction of 5% is applied in the RS scenario keeping all others 

constant, because of this a difference between BAU and RS scenarios can obtained and a 

benefit can be estimated and recorded. After this, the magnitude of the first pollutant is restored 

to its initial value. Then, for the second pollutant the reduction of 5% is applied, the benefit is 

recorded, and its value is then restored at its initial value. This procedure is repeated until all the 

reductions for all pollutants are obtained. The same procedure is also applied for 10% reduction 

and thus it is possible to obtain the sensitivity of the toolkit for estimating the benefits of 

reductions of specific pollutants and identify which has the largest influence into the benefit. In 

this case the benefit evaluated corresponds to avoided premature deaths. 

 

Figure C1 shows the relative contribution of each pollutant to the total benefit if a reduction of 5 

% in all the pollutants is achieved. In the case of 10% reduction the same percentages were 

obtained. 
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Figure C1. Relative contribution in percentage of each pollutant on the total benefit if a 
reduction of 5 % in all the emissions is applied. 
 
 
The results indicate that NOx is the pollutant with more influence on the health benefit for an 
equal reduction. For this project the secondary effects of NOx are taking into account such as 
the formation of secondary gas pollutants or aerosols that have influenced on health.  
 
As indicated in Appendix B, the Benefit Assessment Calculator is still under development; the 
project team has encountered several glitches during the course of the project. Some issues 
were solved by the developers in order to obtain the health benefits, but some other issues may 
not be solved yet and those could provide biased results. Therefore, it should be noted that this 
estimate is very preliminary.   
 
The benefit analysis tool is useful for gross estimate; however for a more detailed estimate a 
downscaling of global models should be used in order to identify better population and 
ecosystem exposure to air pollutants in the country.  
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C2.     Identification of benefits for each sector 
 
When considering individual mitigation measures in each sector it is possible to obtain a new 

emission set that can be compared with the BAU emissions values. These two scenarios can be 

included in the Health toolkit in order to obtain the benefit (avoided premature deaths)36. Since 

there is uncertainty in the absolute values of avoided deaths, an index is made to identify the 

influence of each sector in the total benefit. For this case the benefit of each sector is 

represented as: (number of premature deaths avoided per sector) / (total premature deaths) 

Figure C2. Using this index it is possible to observe in the figure that the largest share in the 

total benefit is provided by the wood-burning cookstoves, then by transport, power generation, 

MSW Open Burning, followed by oil and gas sector, tillage, pre-harvest sugar cane burning, 

brick kilns and pig iron. Other sectors have reductions but have not health benefits, like 

methane from waste water treatment plants or land fill methane. 

 

 
 

Figure C2. Fraction of contribution to the benefit for each sector  
 
 
 
  

                                                
36 These results have to be taken with caution; the absolute values can be biased. However the relative 
difference among sectors can be useful to select, identify or rank the different policies for each sector.  

0.0001 0.001 0.01 0.1 1

Pig Iron

Brick kilns

Pre-harvest burning

Tillage

Oil and gas

MSW Open Burning

Power Generation

Transport

Cookstoves -wood burning



122    Supporting National Planning for Short-lived Climate Pollutants Initiative (SNAP) in Mexico 

 

 

C2.1  Case study:  Cookstoves 
 
A specific case study for the cookstoves sector is presented in which a new technology was 

considered as a mitigation strategy that influences the total wood consumption and emissions. 

In this case an efficient cookstove replaces the traditional open fire wood-burning cookstove. A 

reduction scenario included that all the traditional open fire systems were replaced by efficient 

cookstoves. Figure A shows the reduction of fuel consumption due to the change of technology. 

 

 

Figure C3. Wood consumption in Gg per year using traditional open burning (BAU) and efficient 
cookstoves (Control 2). In 2030 all the traditional cookstoves are replaced by efficient 
cookstoves. 
 
 
Efficient improved cookstoves have lower emissions and also consume less wood. These two 

factors lead to larger reductions of emissions as presented in the following figures: 

 
 

0

2

4

6

8

10

12

14

16

18

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Open Burning BAU CONTROL 2



Supporting National Planning for Short-lived Climate Pollutants Initiative (SNAP) in Mexico   123 

 

 

Figure C4. Black carbon emissions for traditional open fire burning (blue bars –“fogon”) and 
efficient cookstoves (red bars –“Estufa”). Reductions are due to change of technology and to 
reductions of wood consumption. In this scenario all the open fire cookstoves are replaced by 
efficient cookstoves by 2030. 
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Figure C5. Methane emissions for traditional open fire burning (blue bars –“fogon”) and efficient 
cookstoves (red bars –“Estufa”). Reductions are due to change of technology and to reduction 
of wood used. In this scenario all the open fire cookstoves are replaced by efficient cookstoves 
in 2030. 
 
 

C3 SLCP emission uncertainty estimates 
 
Degree of confidence in the emissions estimates depends on the chemical species, sector and 

region.  For some sectors there is scanty knowledge about activity quantities, real-world 

emissions factors and parameters for estimate emissions. On the case of global black carbon 

and organic carbon, Bond et al. [2004] presented an uncertainty analysis for total global 

emissions. For BC anthropogenic burning, the range was from -30% to 120%. For open 

biomass burning, the range was from -50% to 200%. In their analysis the major types 

contributing to uncertainty in anthropogenic black carbon emissions were coke making, wood-

burning cookstoves, industrial coal combustion, and on-road diesel vehicles. 

 

The uncertainty surrounding the SLCPs emissions estimates is the result of the propagation of 

individual uncertainties during the use of limited emission factors and activity rate. Frequently 

there is no available updated information on emission factors for all the combustion (in the case 

of black carbon) and non-combustion conditions that need to be addressed. In this regard, the 

measurement of SLCPs emissions factors is currently an active area of research. 
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Even when emission factors are available, the uncertainty surrounding their application can 

result from: 

 

1. Measurement uncertainties that refer to the instruments capability for measuring the 
emission factor, 

2. Methodological uncertainties that result from the measurement technique and 
measurement protocols; and 

3. Uncertainties derived by the representativeness of the emission factors obtained for 
representing the range of conditions for which it is intended to be applied. 

 
Similarly, activity rate can have substantial uncertainties as the result of using incomplete and 

outdated databases. A formal quantitative estimation of uncertainty of the estimates for each 

sector would require evaluating each of these uncertainties. 

 

The availability of locally-measured emission factors for several SLCPs sources in Mexico is 

limited and thus the uncertainty involved in the estimations is presumably large. To note, this is 

not a unique characteristic of Mexico alone but a condition that is shared by many other 

countries. Given the relatively small number of available emission factors for a wide range of 

operational conditions, for some sources the uncertainty introduced by the poor 

representativeness of the emission factor is likely responsible for the largest uncertainty. 

 

There are methods available to identify the uncertainty using subjective and objective 

uncertainty measures [Gratt, 1989]. Assuming that the key variables in the emissions 

estimations are independent and multiplicative log-normally distributed random variables, the 

uncertainty factor, s, can be described as follows: 

 
(log sr)

 2 =(log sa)
 2 + (log sef)

 2 + (log so)
2 

 
where a is the subscript for the activity, ef is the subscript for the Emission Factor and o is the 

subscript for others. 

 

The uncertain factor calculated by this method can be related to a variance. The uncertainty 

range for the emission, e, is estimated using: 

 
Eupper = E x sr 

and  
Elower = E / sr 

 
For the case of subjective the following sectors were identified (based on their contribution on 

SLCP) in activity rate: landfill, wastewater treatment, waste incineration, brick kilns, cook stoves. 

For emissions factors: oil and gas, coke ovens, landfill, wastewater, transport, waste open 

burning, brick kilns. 
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C3.1  Case study:  Cookstoves 
 

This section illustrates a quantitative analysis for estimating the uncertainty for black carbon 

emissions from cook stoves, the steps considered where the uncertainty can be identify are 

emissions calculation that uses activity rate, emissions factors, then the emissions projection, 

the conversion of emission to concentration by an air quality model and the health impact 

assessment. By considering the uncertainty in each step, it is possible to evaluate the 

propagation, compute the total uncertainty of the process, and obtain an upper and lower bound 

of the final results. 

 
Activity Rate 

With regard to the activity rate for wood-burning cookstoves: during the workshop group session 

(see Appendix A), a suggestion of 2.1 kg/day per capita consumption was mentioned [Masera et 

al., 2012]. From the methodology for estimating residential fuel consumption in Mexico, a 3 

kg/day per capita was used (See Appendix D). From this information and using a conservative 

approach, the largest difference in the activity rate is ~50%.  

 
Emissions Factors 

In the case of emissions factors, different measured values for BC for wood-burning cookstoves 

have been reported. For this analysis, a value of 0.48 (std dev=0.20) from Christian et al. [2010] 

on open burning cookstove, and 0.74 (std dev=0.37) from Akagi et al. [2011] for Patsari 

cookstove were used. Thus the uncertainties for open cooking (41%) and for Patsari (50%) 

were estimated. 

 

Projections 

The projections of the baseline emissions are based on population growth. In Latin America 

there are common errors in the estimation of the number of habitants: some residents in the 

household are not counted while some are counted more than once. In some cases, a person is 

counted but one or more of his/her characteristic is not (e.g., age, gender, etc.), and another 

important source of uncertainty is the migration rate. From the CELADE a 3.2% of omission is 

the average with a maximum omission value of 7.7% and minimum of 0%. The omission value 

is estimated as: (Population estimated – Population counted)/(Population estimated). For the 

growing rate an estimated difference of 17% can be considered due to change in fertility rate 

(2.67 in 2000 to 2.27 in 2012) [CONAPO, 2013].  

 

Other uncertainties (models) 

In order to convert emissions to concentrations an air quality model has to be used. Typical 

model performance ranges from 50 to 200% as the difference between model and observations 

[Gratt, 1996]. 
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Health evaluation 

In the evaluation of the health benefits a set of parameters are used, the dose-response factors 

like the relative risk (RR) and  values commonly have a 25% difference on the observed values 

[Evans. et al., 2002] as in the case of PM2.5. 

 

Total uncertainty 

From the previous information it is possible to estimate quantitatively the uncertainty up to the 

health impact as follows: 

 
(log sr)

 2 =(log sa)
 2 + (log sef)

 2 + (log so1)
2 + (log so2)

2 + (log so3)
2 + (log so4)

2 
 
In this case: 

Activity sa = 1.5 
Emissions factor sef = 1.41 (open cooking) 1.5 (Patsari) 
Pop counting so1= 1.032  
Pop fertility change so2= 1.17 
Air quality model so3= 2.0 
Health estimates so4= 1.25  

 
The total uncertainty for this sector is sr =2.5. With this value the computed health value will 

have a range is from 40% to 250%. From the UNEP black carbon report the emissions have an 

uncertainty range from 50% to 200% while in this exercise considering only the activity and 

emission factor differences there is a range from 59% to 170%. Therefore for the base line black 

carbon emissions in 2010 from cook stoves will be 6.2 Gg in the range of (3.7 to 10.5 Gg). 

Considering a health benefit of 2,860, the estimated avoided premature deaths will have a 

range from 1,144 to 7,150. 

 

 

C4. Conclusions 

As described above, a formal quantification of the uncertainty of the emission estimates requires 

additional information and analysis that would have to be conducted as a future research 

activity. Nevertheless, the recent field campaign sponsored by the Global Environmental 

Facilities and led by the MCE2 in collaboration with INECC and UNEP and involving the 

participation of many Mexican academic and research institutions could improve our 

understanding of key SLCPs in Mexico. During the field campaign, direct measurements of local 

emission factors were obtained using the Aerodyne Research Inc. mobile laboratory and 

complementary measurements from several Mexican institutions. The targeted SLCPs emission 

sources included: landfills, wastewater treatment plants, gasoline and diesel mobile sources, oil 

and gas separation facilities, livestock, brick kilns, and cookstoves. The information obtained 

from these measurements could benefit our knowledge of the uncertainties surrounding the use 

of various SLCPs emission factors in Mexico. 
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APPENDIX D METHODOLOGY FOR BUILDING BASELINE AND MITIGATION 

SCENARIOS FOR MEXICO SNAP INITIATIVE 

 

Contents 

D1  Introduction 

D2  Analysis of emissions by sector 

 

1. Agricultural  
1.1 Tillage 
1.2 Sugarcane pre-harvest burning 
1.3 Livestock: Manure Management 
1.4 Livestock: Enteric Fermentation 
 

2. Waste  
2.1 Wastewater  
2.2 Municipal waste open burning  
2.3 Landfill 
 

3. Wildfires  
 

4. Fossil fuel extraction and distribution 
4.1 Oil and gas 
4.2 Coal mining 
4.3 Coke 
 

5. Industrial processes 
5.1 Pig iron  
5.2 Construction and manufacture (informal brick production) 
 

6. Residential  
6.1 Cook stoves – wood burning  
 

7. Transport (on-road) 
 

8. Power generation 
8.1 Electricity 
 

9. Energy demand from industry and services 
9.1 Services (residential, commercial, agriculture) 
9.2 Industry (chemical, pulp and paper, steel, food, beverage, tobacco, cement, 

construction, mining, etc.) 
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D1 Introduction 

A comprehensive assessment of the existing data on the key emission sectors was carried out 

to develop the baseline scenarios for emissions reductions for methane and black carbon. This 

included reviewing the following two documents: 

- The Fifth National Communication [INECC-SEMARNAT, 2012], which contains 

information about methane and black carbon trends by sectors since 1990 and 2010. 

- The Preliminary Version of the 2008 National Emission Inventory (INEM-2008) provided 

by SEMARNAT, which contains activity rate and emissions factors for black carbon by 

economic activities. 

 

In order to improve black carbon and methane emission calculation methodologies, a 

comprehensive analysis of the data for the key sectors was made. These sectors were selected 

by their contribution to the total emissions, health impacts and co-benefits, as well as the 

policies and measures that have been previously developed to mitigate black carbon and 

methane from such sources. 

 

Nine sectors37 (see Figure 6) were analyzed using the Rapid Emissions and Scenario 

Assessment Toolkit developed by SEI (Appendix B). For each key sector a historical emissions 

trend was created together with activity rate, and a projection starting from 2010 for a Business 

As Usual (BAU) Scenario was constructed. Also, two mitigation scenarios were considered by 

using some policies or initiatives that are currently being analyzed in Mexico. In some cases 

when no information was available, a sensitivity analysis was performed to illustrate some 

opportunities for mitigation. In cases when an emission factor for a specific sector was not 

available directly from the Toolkit, the EF working groups discussed and selected the most 

appropriate value based on literature. 

 

 

D2 Analysis of emissions by sector 

The methodology for building baseline and mitigation scenarios for Mexico SNAP initiative and 

the analysis are presented below. As mentioned above, this analysis is the collaborative effort of 

the INECC and MCE2 personnel and consultants (see “List of Participants”). As noted in the 

“Remarks” at the end of each sector, one or two persons were assigned to prepare the 

Calculation Record (Memoria de cálculo) for each sector, based on the information obtained 

from the Project team meetings (see Appendix A). This was distributed for further discussion 

and review by the Project team; the fact sheet was subsequently revised, as appropriate.  

  

                                                           
37 1) Agricultural (farming equipment, residue burning, livestock); 2) waste (wastewater, municipal waste 

open burning, landfill); 3) wildfires; 4) fossil fuel extraction and distribution; 5) industrial processes; 6) 
residential (cookstoves); 7) energy demand from industry and services; 8) transport; and 9) power 
generation. 
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1. Agriculture 

SECTOR: AGRICULTURE 

1. General Information 

Category: Tillage 

Description: Emissions from tillage during planting and harvesting crops. 

2. Baseline estimation method 

Method: Emission factors 

Baseline year 2010. 

Pollutants: BC, PM10, PM2.5. 

Method for 

estimation: 

Et = Σ((S x FE1 x Px T) + (C x FE2) / 1000 

where: 

Et = Total emissions of pollutant (i) for all crops (Mg) 
S = Area planted per crop (ha) 
EF1 = emission factor during planting (kg / ha) 
P = Percentage of crop mechanization j 
T = Number of times used per hectare per crop tractor i 
C = area harvested (ha) 
FE2 = Emission factors for harvest. (kg / ha) 

3. Information for the estimation of emissions Reference 

Activity rate  For 2010, the analysis include 296 agricultural crops 

cultivated and harvested in Mexico.
a
 

 The cultivated area by each crop was weighted according 

to the percentage of average crop mechanization in the 

country.
b
 

 In the case of crop planting, it was also considered the 

number of times a tractor is used during planting and the 

site preparation. For this, the data from the INEM was 

applied, which were reviewed by the INECC technical 

team and modified in the case of 7 crops. The number of 

times a tractor is used by hectare varies between 1 and 

13. 

 For the emissions in harvest, there is an assumption of 

100% mechanized area.
c
 

 

The emission factors and activity rate by product were obtained 

for each type of crop (see attached).  

a. Servicio de Información 

Agropecuaria y Pesquera, 

SIAP, cierre de la producción 

agrícola, varios años. 

b. Servicio de Información 

Agropecuaria y Pesquera, 

SIAP. Estadística de uso 

tecnológico y de servicios en 

la superficie agrícola, 2011. 

c. SEMARNAT 2013. Inventario 

nacional de emisiones, base 

de datos de emisiones de 

labranza. Versión preliminar. 
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Emission factor The emission factors for planting and harvesting for each crop 

(296) used by INEM – 2008 were applied. These come from: 

• PM10: CARB. (2003). Detailed Documentation for Fugitive 
Dust and Ammonia Emission Inventory Changes for the 
SJVU APCD Particulate Matter SIP. California Air 
Resources Board: Planning & Technical Support Division. 

• PM2.5: CARB. (2003). Detailed Documentation for 
Fugitive Dust and Ammonia Emission Inventory Changes 
for the SJVU APCD Particulate Matter SIP. California Air 
Resources Board: Planning & Technical Support Division. 

• Carbon black: INECC. 2010. Emerging issues in climate 
change: methane and black carbon, possible co-benefits 
and development of research plans. INE, p. 50-51. 

 An attached file includes emission factors by crop 

 

4. Considerations and Assumptions 

 Historical data from 2008 were projected to 2010 using the rate of agricultural growth. 

 It is assumed that the harvest of all products is done mechanically. 

 The analyses do not incorporate regional differences or varieties in the mechanization of agricultural 
products. 

 Emission factors have been taken from studies in crops in the United States. 

 For production growth was assumed a rate of growth rate between 1998 and 2008 and this rate was 
applied to all crops. 

5. Emissions calculations 

Emissions of PM10 Olive=  {9,309.5 (ha) *1.34 (kg/ha)*0.99*3)+ (5,511(ha) *0.089(kg/ha)} = 37,049.95 +490.48 = 

37,540.43 kg 

6. Areas of opportunity 

 Emissions must be validated to include the percentage of mechanization in planting and harvesting, tillage 

practices for sowing, harvesting and fallow.  

 It is necessary to characterize the soil removal processes with the technologies used in different agro-

ecological regions of the country. 

7. Estimation method of mitigation measures 

Mitigation measure 1: 
A sensitivity analysis was considered in which the use of agricultural machinery became 

less destructive of the agricultural soil reducing in 10% the total emissions in 2030. 

Information for the mitigation scenario Reference 

Activity rate: 
Total emissions are controlled for 2030 to represent 10% of the 

BAU. 

Working Group INECC-

MCE2. 

Emission factors Emission factors are kept constant as the BAU  

Important considerations: 
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 It is a sensitivity analysis 

 It is assumed that the impact of the mitigation scenario occurs in the total emissions and does not apply 

individually to the emission factors of each crop. 

 There is a large uncertainty with respect to the growth of agricultural production. 

 A homogeneous behavior is assumed for all agricultural products. 

 It is considered that the agricultural products do not compete with each other and grow in a uniform 

manner, regardless of the agricultural barriers and limited production factors (water, soil). 

Mitigation measure 2: Not considered 

Information for the mitigation scenario Reference 

Activity rate:   

Emission factors   

Important considerations: 

References:  

Servicio de Información Agropecuaria y Pesquera, SIAP. Cierre de la Producción agrícola por cultivo. 
http://www.siap.gob.mx 

Servicio de Información Agropecuaria y Pesquera, SIAP. Estadística de uso tecnológico y de servicios en la 
superficie agrícola, 2011. http://www.siap.gob.mx/opt/agricultura/tecnificacion/Estadistica.pdf. 

SEMARNAT 2013. Inventario nacional de emisiones, base de datos de emisiones de labranza. Versión preliminar. 

INECC 2010. Temas emergentes en cambio climático: metano y carbono negro, sus posibles co-beneficios y 
desarrollo de planes de investigación. INE, pág. 50-51. Available at: 
http://www.ine.gob.mx/descargas/cclimatico/2010_cca_mce2_temas_emergentes.pdf  

CARB. (2003). Detailed Documentation for Fugitive Dust and Ammonia Emission Inventory Changes for the SJVU 
APCD Particulate Matter SIP. California Air Resources Board: Planning & Technical Support Division.  

8. Remarks 

Prepared by: Ina Salas  06-25-2013 

Discussion  
Iván Islas, Ina Salas , Francisco Aviña, Thalia 

Hernández, Agustín García 
07-01-2013 

Revised by Ina Salas 07-01-2013 

 

  

http://www.siap.gob.mx/
http://www.siap.gob.mx/opt/agricultura/tecnificacion/Estadistica.pdf
http://www.ine.gob.mx/descargas/cclimatico/2010_cca_mce2_temas_emergentes.pdf
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Crop (Mexican Name) Common English Name 
Tractor 
times 

Mechanization 
factor 

Emission Factor PM10 

Sowing      
(lb/pass-acre) 

Harvesting 
(lb/acre) 

Aceituna  3 0.99982 1.20000 0.08000 

Acelga Chard 4 0.93968 4.38000 1.69000 

Achiote  0 0.00238 0.00000 0.00000 

Agapando  3 0.78327 1.55000 1.68000 

Agave Agave 3 0.73374 1.22000 0.09000 

Aguacate Avocado 2 0.67539 1.03000 0.09000 

Ajo Garlic 7 0.98567 1.55000 1.68000 

Ajonjolí Sesame 3 0.83613 3.08000 5.80000 

Albahaca Basil 0 1.00000 0.00000 0.00000 

Albricia  0 0.95839 0.00000 0.00000 

Alcachofa Artichoke 4 0.85537 1.78000 0.08000 

Alcatraz Alcatraz 0 0.00000 0.00000 0.00000 

Alfalfa verde Green alfalfa 6 0.96383 2.44000 0.08000 

Algarrobo Carob tree 0 1.00000 0.00000 0.00000 

Algodón hueso Cotton (bone) 8 1.00000 1.44000 3.37000 

Alhelí  4 0.88896 1.63000 0.08000 

Almendra Almond 4 1.00000 12.50000 40.77000 

Alpiste Birdseed 3 0.00000 3.08000 5.80000 

Alpiste ornamental Ornamental Birdseed  3 0.00000 3.08000 5.80000 

Alpiste verde Green Birdseed 3 0.97515 3.08000 5.80000 

Amaranto  3 0.75040 2.44000 0.08000 

Anís Anis 3 0.99975 4.38000 1.68000 

Anona Anona 2 0.00000 1.15000 0.08000 

Apio Celery 3 0.00000 2.44000 0.08000 

Apio semilla Celery seed 3 0.98314 1.63000 1.63000 

Arrayan  0 0.05990 0.00000 0.00000 

Arroz palay Paddy rice 4 0.80472 3.51000 1.68000 

Arvejón  4 0.62642 1.48000 1.68000 

Ave del paraíso Strelitzia 3 0.71776 1.48000 1.68000 

Avena forrajera Oat forage 5 0.85385 3.08000 5.80000 

Avena grano Oats grain 5 0.94939 3.08000 5.80000 

Avena grano semilla Seed oats 5 0.94939 3.08000 5.80000 

Azucena Azucena 0 0.95556 0.00000 0.00000 

Baby back choi  4 0.00000 4.38000 1.68000 

Bangaña  0 1.00000 0.00000 0.00000 

Berenjena Aubergine 3 0.95362 1.64000 0.09000 

Berenjena semilla Aubergine (seed) 3 0.00000 1.64000 0.09000 

Berro Watercress 0 0.00000 0.00000 0.00000 

Betabel Beetroot 7 0.98556 4.38000 1.69000 

Blueberry Blueberry 0 0.88250 0.00000 0.00000 

Boi choi Boi choi 0 0.00000 0.00000 0.00000 

Brócoli Broccoli 6 0.97042 1.63000 0.09000 

Brócoli semilla broccoli seed 6 1.00000 1.78000 0.08000 

Cacahuate Peanut 6 0.76306 1.48000 1.68000 

Cacao cocoa 3 0.00016 1.03000 0.09000 

Café cereza Cafe (cherry) 3 0.01168 1.22000 0.09000 

Caimito  3 0.05634 1.22000 0.09000 

Calabacita Zucchini 13 0.94624 1.78000 0.17000 

Calabacita semilla Zucchini (seed) 13 1.00000 1.78000 0.17000 

Calabaza Pumpkin 3 0.91263 1.78000 0.17000 

Calabaza (semilla) o chihua Pumpkin (seed)  3 0.47534 1.78000 0.17000 

Camote Sweet potato 3 0.89351 4.38000 1.69000 

Canola  6 0.93107 1.63000 0.08000 
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Crop (Mexican Name) Common English Name 
Tractor 
times 

Mechanization 
factor 

Emission Factor PM10 

Sowing      
(lb/pass-acre) 

Harvesting 
(lb/acre) 

Caña de azúcar Sugar cane 8 0.93604 1.64000 0.17000 

Caña de azúcar otro uso Sugar cane (other use) 8 0.54987 1.64000 0.17000 

Caña de azúcar semilla Sugar cane (seed) 8 1.00000 1.64000 0.17000 

Capulin Chokecherry 4 0.06907 1.19000 0.08000 

Carambolo  0 0.76935 0.00000 0.00000 

Cártamo Safflower 5 1.00000 2.05000 5.80000 

Cebada forrajera en verde Feed barley green 5 0.84893 3.09000 5.80000 

Cebada grano Barley (grain) 5 0.95613 3.09000 5.80000 

Cebada grano (semilla) Barley (grain, seed) 5 1.00000 3.09000 5.80000 

Cebolla Onion 8 0.97682 1.55000 1.68000 

Cebolla semilla Onion seed 8 1.00000 1.55000 1.68000 

Centeno forrajero en verde Rye (green forage) 3 1.00000 3.08000 5.80000 

Centeno grano Rye (grain) 3 0.81481 3.08000 5.80000 

Cereza Cherry 4 1.00000 1.19000 0.08000 

Chabacano  4 0.76238 1.19000 0.08000 

Chay  3 0.00000 1.78000 0.17000 

Chayote  3 0.79394 1.78000 0.17000 

Chia Chia 0 0.98909 0.00000 0.00000 

Chícharo Pea 3 0.76004 1.48000 1.68000 

Chícharo semilla Pea (seed) 3 0.76004 1.48000 1.68000 

Chilacayote  3 1.00000 1.78000 0.17000 

Chile verde Green Chile 8 0.84709 1.40000 0.08000 

Chile verde semilla Chile (Seed) 8 1.00000 1.40000 0.08000 

Chirimoya Cherimoya 2 0.58152 1.15000 0.08000 

Chives  3 1.00000 1.55000 1.68000 

Cilantro Cilantro 3 0.93021 2.44000 0.08000 

Cilantro semilla Cilantro (seed) 3 0.99691 1.63000 1.63000 

Ciruela plum 4 0.39507 1.20000 0.08000 

Cítricos Citrus 3 0.01286 1.33000 0.08000 

Clyptoria  0 0.00000 0.00000 0.00000 

Coco fruta Coconut fruit 2 0.53667 1.20000 2.04000 

Col (repollo) Col (cabbage) 4 0.98208 2.44000 0.08000 

Col de bruselas Brussels sprouts 4 1.00000 1.78000 0.08000 

Coliflor Cauliflower 3 0.98640 1.63000 0.09000 

Coliflor semilla Cauliflower seed 3 1.00000 1.78000 0.08000 

Colinabo Rutabaga 3 0.00000 1.63000 0.08000 

Collard  0 0.00000 0.00000 0.00000 

Colza Rapeseed 3 1.00000 1.63000 0.08000 

Colza semilla Rapeseed (seed) 3 1.00000 1.63000 0.08000 

Comino Cumin 3 0.97619 2.44000 0.08000 

Copra Copra 2 0.55300 1.20000 2.04000 

Coquia  0 0.00000 0.00000 0.00000 

Crisantemo Chrysanthemum 4 0.91601 2.44000 0.08000 

Damazco  0 0.00000 0.00000 0.00000 

Datil  2 0.97733 1.20000 2.04000 

Durazno Peach 5 0.61047 1.19000 0.08000 

Ebo (janamargo o veza)  3 0.85310 1.48000 1.68000 

Ebo grano  3 0.62389 1.48000 1.68000 

Ecualaista  0 0.00000 0.00000 0.00000 

Ejote Green been 3 0.97121 1.48000 1.68000 

Elote  3 0.92853 1.64000 0.17000 

Eneldo  0 1.00000 0.00000 0.00000 

Epazote  3 0.92308 2.44000 0.08000 
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Crop (Mexican Name) Common English Name 
Tractor 
times 

Mechanization 
factor 

Emission Factor PM10 

Sowing      
(lb/pass-acre) 

Harvesting 
(lb/acre) 

Esparrago Asparagus 3 0.99956 1.78000 1.69000 

Especias y medicinales Spices and medicinal 0 1.00000 0.00000 0.00000 

Espinaca Spinach 3 0.96788 2.45000 0.08000 

Estropajo  3 0.25581 1.78000 0.17000 

Eucalipto Eucalyptus 0 1.00000 0.00000 0.00000 

Flor cera  0 1.00000 0.00000 0.00000 

Flor cundeamor  0 0.00000 0.00000 0.00000 

Flor kale  3 0.00000 1.78000 0.08000 

Flor perrito  0 0.97966 0.00000 0.00000 

Flores Flowers 0 1.00000 0.00000 0.00000 

Flores semilla Flowers (seed) 0 1.00000 0.00000 0.00000 

Frambuesa Raspberry 3 0.95074 1.78000 0.08000 

Fresa Strawberry 4 0.98630 1.78000 0.08000 

Frijol Bean 3 0.84203 1.48000 1.68000 

Frijol semilla Bean (seed) 3 0.84203 1.48000 1.68000 

Frijol por pelon Been 3 0.27571 1.48000 1.68000 

Frutales varios Fruits 0 0.29294 0.00000 0.00000 

Gailan  3 1.00000 1.78000 0.08000 

Garbanzo forrajero Chickpea (forage) 4 0.94774 1.48000 1.68000 

Garbanzo grano Chickpea 4 0.98811 1.48000 1.68000 

Girasol Sunflower 4 0.99064 2.05000 5.80000 

Girasol forrajero Sunflower (forage) 4 1.00000 2.05000 5.80000 

Girasol ornamental Ornamental sunflower 4 0.87224 2.05000 5.80000 

Gladiola  0 0.91708 0.00000 0.00000 

Granada  1 0.41038 1.19000 0.09000 

Guaje  3 0.65693 1.48000 1.68000 

Guaje (verdura)  3 0.74576 1.48000 1.68000 

Guamuchil  3 0.00000 1.48000 1.68000 

Guanábana Annona 2 0.42546 1.15000 0.08000 

Guayaba Guava 2 0.48889 1.22000 0.08000 

Haba grano Broad beans (grain) 3 0.82955 1.48000 1.68000 

Haba verde Broad beans (green) 3 0.72138 1.48000 1.68000 

Helecho  0 0.00000 0.00000 0.00000 

Henequen  3 0.11765 1.22000 0.09000 

Henequen verde  3 0.11765 1.22000 0.09000 

Hierbabuena Peppermint 0 0.86441 0.00000 0.00000 

Higo Figue 3 0.83383 1.20000 2.04000 

Higuerilla  0 0.00000 0.00000 0.00000 

Hongos y setas Mushrooms 0 0.07275 0.00000 0.00000 

Hortalizas Vegetables 0 0.92804 0.00000 0.00000 

Huauzontle  3 0.90896 2.44000 0.08000 

Hule hevea  0 0.04309 0.00000 0.00000 

Jaca (jackfruit)  3 0.25408 1.20000 2.04000 

Jamaica  3 0.21087 2.44000 0.08000 

Jenjibre Ginger 0 0.69072 0.00000 0.00000 

Jicama  3 0.86003 1.48000 1.68000 

Jicama semilla Jicama seeds 3 1.00000 1.63000 0.17000 

Jojoba  0 1.00000 0.00000 0.00000 

Kale  3 1.00000 1.78000 0.08000 

Kay laan  0 0.00000 0.00000 0.00000 

Keel  0 0.00000 0.00000 0.00000 

Kenaf  3 0.00000 2.44000 0.08000 

Kohlrabi  4 1.00000 1.78000 0.08000 
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Crop (Mexican Name) Common English Name 
Tractor 
times 

Mechanization 
factor 

Emission Factor PM10 

Sowing      
(lb/pass-acre) 

Harvesting 
(lb/acre) 

Lechuga Lettuce 4 0.98638 2.44000 0.08000 

Leek  3 1.00000 1.55000 1.68000 

Lenteja Lentils 3 0.50550 1.48000 1.68000 

Leucaena  3 0.22222 1.48000 1.68000 

Lima  3 0.63350 1.15000 0.08000 

Limón Lemon 3 0.69641 1.22000 0.09000 

Limón real Real Lemon 3 0.75000 1.22000 0.09000 

Linaza Linseed 0 0.33333 0.00000 0.00000 

Litchi  3 0.53271 1.22000 0.09000 

Macadamia  3 0.06790 12.50000 4.08000 

Maguey pulquero (miles de lts.)  3 0.22926 1.22000 0.09000 

Maíz forrajero Corn forage 3 0.97154 1.64000 0.17000 

Maíz grano Maize (grain) 3 0.69958 1.64000 1.68000 

Maíz grano semilla Maize (seed, grain) 3 1.00000 1.64000 0.17000 

Maíz palomero Popcorn 3 1.00000 1.64000 1.68000 

Malanga  0 1.00000 0.00000 0.00000 

Mamey  3 0.23508 1.22000 0.09000 

Mandarina Mandarin 3 0.40482 1.15000 0.08000 

Mango Mango 2 0.60306 1.22000 0.09000 

Mano de leon  0 1.00000 0.00000 0.00000 

Manzana Apple 3 0.57228 1.20000 0.08000 

Manzanilla Chamomile 4 0.18182 2.44000 0.08000 

Maracuya Passion Fruit 3 0.08920 1.28000 0.08000 

Marañon  2 0.60544 1.22000 0.09000 

Margarita  4 0.97980 2.44000 0.08000 

Mejorana  0 0.86842 0.00000 0.00000 

Melón Melon 3 0.98771 1.78000 0.08000 

Melón semilla Melon (seed) 3 1.00000 1.78000 0.08000 

Membrillo Quince 3 0.45369 1.56000 0.09000 

Menta Mint 0 1.00000 0.00000 0.00000 

Mijo Millet 0 0.00000 0.00000 0.00000 

Mijo forrajero Millet forage 0 0.00000 0.00000 0.00000 

Mostaza Mustard 4 1.00000 2.44000 0.08000 

Mostaza forrajera Mustard forage 4 1.00000 2.44000 0.08000 

Muzu  3 0.00000 1.78000 0.17000 

Nabo Napa cabbage 3 0.96761 1.63000 0.08000 

Nabo (verdura) Napa cabbage (vegetable) 3 0.96761 1.63000 0.08000 

Nabo forrajero Napa cabbage (forage) 3 1.00000 2.76000 1.68000 

Nanche  3 0.29000 1.28000 0.08000 

Napa  0 1.00000 0.00000 0.00000 

Naranja Orange 3 0.35733 1.20000 0.08000 

Nardo Nard 3 0.96984 1.55000 1.68000 

Nectarina Nectarine 0 0.00000 0.00000 0.00000 

Neem  0 0.00000 0.00000 0.00000 

Níspero Nispero 3 0.25000 1.22000 0.09000 

Noni Noni 0 0.26087 0.00000 0.00000 

Nopal forrajero Nopal (forage) 0 0.53821 0.00000 0.00000 

Nopalitos  0 0.74532 0.00000 0.00000 

Nube  0 0.94055 0.00000 0.00000 

Nuez Nut 4 0.90942 12.47000 4.08000 

Okra (angu o gombo)  3 0.99475 2.44000 0.08000 

Olleto  0 0.98182 0.00000 0.00000 

Orégano Oregano 0 0.53791 0.00000 0.00000 
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Crop (Mexican Name) Common English Name 
Tractor 
times 

Mechanization 
factor 

Emission Factor PM10 

Sowing      
(lb/pass-acre) 

Harvesting 
(lb/acre) 

Orquídea  0 0.00000 0.00000 0.00000 

Palma africana o de aceite Palm oil or 2 0.08338 1.20000 2.04000 

Palma de ornato Palma ornamental 2 1.00000 1.20000 2.04000 

Palma taco  2 1.00000 1.20000 2.04000 

Papa Potato 3 0.90126 4.38000 1.69000 

Papa (semilla) Potato (seed) 3 1.00000 4.38000 1.69000 

Pápalo  4 0.95170 2.44000 0.08000 

Papaya Papaya 3 0.79602 1.28000 0.08000 

Pasto (tapete) Grass 0 0.96549 0.00000 0.00000 

Pasto (tapete)m2 Grass (m2) 0 0.96549 0.00000 0.00000 

Pastos Grassland 0 1.00000 0.00000 0.00000 

Pepino Cucumber 3 0.93324 1.63000 0.08000 

Pepino semilla Cucumber (seed) 3 1.00000 1.63000 0.08000 

Pera Pear 3 0.41762 1.27000 0.08000 

Perejil Parsley 3 0.97853 2.44000 0.08000 

Peron  3 0.14303 1.20000 0.08000 

Persimonio  3 1.00000 1.28000 0.08000 

Pimienta Pepper 3 0.00669 2.44000 0.08000 

Piña Pineapple 0 0.44253 0.00000 0.00000 

Piñón Stone pine 0 0.00000 0.00000 0.00000 

Pipicha  4 1.00000 2.44000 0.08000 

Pistache Pistachio 2 0.91728 12.50000 4.08000 

Pitahaya Pitaya 3 0.01247 1.28000 0.08000 

Pitaya Pitaya 3 0.03608 1.28000 0.08000 

Plátano Banana 3 0.33764 1.28000 0.08000 

Polar  0 0.96667 0.00000 0.00000 

Poro Leek 3 1.00000 2.44000 0.08000 

Quelite  3 1.00000 2.44000 0.08000 

Rábano Radish 4 0.66774 1.63000 0.08000 

Rambutan  3 0.01481 1.22000 0.09000 

Rapini  4 1.00000 4.38000 1.68000 

Remolacha forrajera Sugar beet 4 1.00000 4.38000 1.69000 

Romerito  4 0.93759 2.44000 0.08000 

Romero  0 0.71292 0.00000 0.00000 

Rosa  0 0.85811 0.00000 0.00000 

Rye grass en verde Rye grass green 3 0.97864 2.76000 0.00000 

Sábila Aloe 3 0.70479 4.38000 1.69000 

Salvia sage 0 1.00000 0.00000 0.00000 

Sandia Watermelon 3 0.92084 1.78000 0.08000 

Sandia semilla Watermelon (seed) 3 1.00000 1.78000 0.08000 

Saramuyo  2 0.00787 1.15000 0.08000 

Shop suey Shop suey 3 1.00000 1.48000 1.68000 

Sorgo escobero Sorghum  3 0.99865 3.08000 5.80000 

Sorgo forrajero verde Green forage sorghum 3 0.96091 3.08000 5.80000 

Sorgo grano Sorghum (grain) 3 0.99241 3.08000 5.80000 

Sorgo semilla Sorghum (seed 3 0.93361 3.08000 5.80000 

Soya Soybean 5 0.99623 1.48000 1.68000 

Soya semilla Soybean seed 5 0.99623 1.48000 1.68000 

Statice  0 0.94518 0.00000 0.00000 

Tabaco Tobacco 3 0.97701 1.40000 0.08000 

Tamarindo Tamarind 3 0.73364 1.48000 1.68000 

Tangelo Tangelo 0 0.34216 0.00000 0.00000 

Tangerina Tangerine 3 0.40347 1.15000 0.08000 
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Crop (Mexican Name) Common English Name 
Tractor 
times 

Mechanization 
factor 

Emission Factor PM10 

Sowing      
(lb/pass-acre) 

Harvesting 
(lb/acre) 

Tarragon  4 1.00000 2.44000    0.08000 

Te limon Lemon The 3 0.90909 3.08000 5.80000 

Tejocote  3 0.21234 1.19000 0.08000 

Terciopelo  0 0.68586 0.00000 0.00000 

Tomate rojo (jitomate semilla) Red tomato (tomato seed) 4 1.00000 1.63000 0.17000 

Tomate rojo (jitomate) Red tomato (tomato) 4 0.95055 1.40000 0.08000 

Tomate verde Green Tomato 3 0.93490 1.40000 0.08000 

Tomillo Thyme 0 1.00000 0.00000 0.00000 

Toronja (pomelo) Grapefruit  3 0.72449 1.24000 0.08000 

Trébol Clover 3 0.76923 1.48000 1.68000 

Trigo forrajero verde Wheat green forage 3 0.99899 3.08000 5.80000 

Trigo grano Wheat grain 3 0.95811 3.08000 5.80000 

Trigo grano semilla Wheat grain (seed) 3 0.95811 3.08000 5.80000 

Trigo ornamental Ornamental Wheat 3 0.80000 3.08000 5.80000 

Triticale forrajero en verde Triticale green forage 3 1.00000 3.08000 5.80000 

Triticale grano triticale grain 3 0.99657 3.08000 5.80000 

Tuna  0 0.46648 0.00000 0.00000 

Uva Grape 6 0.99883 1.15000 0.17000 

Vainilla Vanilla 0 0.04488 0.00000 0.00000 

Varios  0 1.00000 0.00000 0.00000 

Verdolaga  3 0.94452 2.44000 0.08000 

Yuca alimenticia Cassava 0 0.95625 0.00000 0.00000 

Yu-choy  4 1.00000 4.38000 1.68000 

Zacate semilla  0 1.00000 0.00000 0.00000 

Zanahoria Carrot 3 0.96734 4.38000 0.17000 

Zanahoria semilla Carrot seed 3 0.96734 4.38000 0.17000 

Zapote  3 0.64576 1.28000 0.08000 

Zapupe  3 0.00000 1.22000 0.09000 

Zarzamora Blackberry 3 0.97844 1.78000 0.08000 

Zempoalxochitl  4 0.90041 2.44000 0.08000 

Zempoalxochitl forrajero  4 0.90041 2.44000 0.08000 

Zempoalxochitl procesado  4 0.90041 2.44000 0.08000 
 

Emissions sources (Mg) Sources 

PM2.5 = PM10 Fraction 0.2217 CARB, 2003 

Black Carbon = PM2.5 Fraction  0.006 INECC 2010 

Conversion factor a kg (kg/lb) Conversion for ha (acre/ha) 

 0.454545455 2.470966148 
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SECTOR: AGRICULTURE 

1. General Information 

Category: Agricultural pre-harvesting burning 

Description: Emissions from sugarcane burning (during the pre-harvesting)  

2. Method for the estimation of the baseline  

Method: IPCC, 1996 with emission factors for the sugarcane sector for the country. 

Baseline year: 2010 

Pollutants: VOC, PM2.5, CO, NOX, CO2, CH4, OC, BC. 

Calculation 

algorithm: 

E =  (H * SQ * Q) * RC*FO*DM*FE 

Where: 

E = Total emissions of pollutant (Mg) 
H = Annual area of sugarcane cultivated (ha) 
SQ = Percentage of non-mechanized surface during the harvest 
Q = Production in the non-mechanized surface (Mg/ ha) 
RC = crop residues 
FO = Fraction oxidized 
DM = dry matter fraction 
EF = Emission factor of pollutant Mg / Mg 

3. Information for the emission calculation Reference 

Activity 

rate 

         2010 

% Mechanically harvested sugarcane (real)
a
      17.46 

% Not mechanized sugar cane       82.54 

Hectares of sugarcane cultivated (ha/year)
b
   703,943 

Burned area (ha)   581,006 

Yield-average (Mg/ ha)
 b

        71.63 

Production in the burned area (Mg)                    41,617,495 

a. Unión Nacional de Cañeros 

A.C. Estadísticas de la 

Agroindustria Azucarera 

Nacional. 

b. SIAP. 

Emission 

factors 

Pollutant Emission factor  Units 

VOC 
(1)  

       24.1 mg/kg 

PM2.5 
(1) 

         2.49 g/kg 

CO 
(3)

       65 g/kg 

NOx 
(3)

         1.5 g/kg 

CO2
(2)

 1303 g/Kg 

CH4 
(2)

        2.7 g/Kg 

OC
(1)

       0.16 g/Kg 

BC 
(1)

       0.71 g/kg 

(1)
 Danielle Hall, et al 2012  

 (2)
 IPCC, 2006 ; 

 
(3)

 França, et al 2012 

4. Considerations and Assumptions 

 It is assumed that the non-mechanized area for sugarcane is burned. 

  It is considered that the production is homogeneous in all sugarcane farms and it is weighted with the 

national average. 
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 The percentage of residues is 16%, the oxidized fraction is 0.9 and the dry matter is 0.83 (Data provided 

by the INECC-coordination of climate change). 

 To estimate the sector growth, the analysis assumes the following: 

o The percentage of sugarcane with mechanized harvest is 16% and the non-mechanized and 

burned surface is 84%. 

o The growth production is 1% per year. 

o The sugar cane yield is 73.84 Mg / ha which is the historical average between 2002 and 2010. 

5. Emissions calculation  

Emission of BC (Mg) =  703,943 (ha) *0.8254* 71.63 (Mg/ha)* 0.16 *0.9 *0.83 *0.71 (MgBC/Mg Dry mater) = 

3,531.6 Mg BC 

6. Areas of opportunity 

 The emission factors to calculate the pollutant emissions during the harvest should be estimated and 

differentiated from the emission factors for agricultural burning waste. 

 The waste conversion factors should be improved, adapting them to Mexico. 

 It is necessary to differentiate the categories: agricultural waste burning and burning during harvest since 

the intensity and emissions are different. 

 In the case of waste burning, the emissions should apply to all agricultural crops and not just the 

sugarcane sector. 

7. Estimation method of mitigation measures 

Mitigation measure 1: 

 The sensitivity analysis considers the promotion of mechanization of sugar cane and 

green harvest as 20% in 2020 and 30% in 2030, thereby reducing the surface where 

sugarcane is burned. 

Information for the calculation of the mitigation measure Reference 

Activity rate: The non-mechanized surface decrease to 80% in 2020 and 70% in 2030 

Working 

Group INECC-

MCE2. 

Emission factor: The emission factors keep is constant.  

Important considerations: 

 It is a sensitivity analysis.  

Mitigation measure 2:  Not considered. 

Information for the calculation of the mitigation measure Reference 

Activity rate:   

Emission factor:   
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Important considerations: 

References: 

Unión Nacional de Cañeros A.C. Estadísticas de la Agroindustria Azucarera Nacional. Available at 
http://www.caneros.org.mx/site_caneros/estadisticas/nacional.pdf 

Servicio de Información Agropecuaria y Pesquera, SIAP. Cierre de la Producción agrícola por cultivo. 
http://www.siap.gob.mx 

INEM 2008. Inventario Nacional de Emisiones 2008. Datos preliminares. 

Danielle Hall, Chang-Yu Wu, Yu-Mei Hsu, James Stormer, Guenter Engling, Krisha Capeto, Jun Wang, Scott Brown, 
Hsing-Wang Li, Kuei-Min Yu, PAHs, carbonyls, VOCs and PM2.5 emission factors for pre-harvest burning of 
Florida sugarcane, Atmospheric Environment, Volume 55, August 2012, 

Andreae, M.O. and Merlet, P. (2001). Emission of trace gases and aerosols from biomass burning. Available in: 
http://www.fire.uni-freiburg.de/vfe/Andreae-and-Merlet%202001.pdf  

França, D.A.; Longo, K.M.; Neto, T.G.S.; Santos, J.C.; Freitas, S.R.; Rudorff, B.F.T.; Cortez, E.V.; Anselmo, E.; 
Carvalho, J.A., Jr. Pre-Harvest Sugarcane Burning: Determination of Emission Factors through Laboratory 
Measurements. Atmosphere 2012, 3, 164-180 

8. Remarks: 

Prepared by: Ina Salas 06-25-2013 

Discussion  
Iván Islas, Ina Salas, Francisco Aviña, 

Abraham,Thalia Hernández, Agustín García 
07-01-2013 

Revised Abraham Ortinez 07-03-2013 
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SECTOR: AGRICULTURE 

1. General Information 

Category: Livestock 

Description: Emissions from manure management.  

2. Baseline estimation method 

Method: IPCC 1996 emission factors for cattle, adapted for the country 

Baseline year 2010 

Pollutants: CH4 

Method for 

estimation: 

E = (G x FE) / 1000 

where: 

E = Annual emissions of pollutant (i) (Mg / year) 

G = Number of animals (head) 

EF = Emission factor of pollutant (i) (Kg / Head) 

3. Information for the estimation of emission Reference 

Activity rate       Heads (2010) 
Cattle (Dairy)     2,374,623 
Cattle (Beef)   30,267,511 
Sheep     8,105,562 
Goat     8,993,221 
Horses     1,033,011 
Mules and Asses        541,525 
Swine    15,435,412 
Poultry  324,457,193 

INECC, 2012 

 

Emission factor  Emission factor 
  (kg/ head / year) 
Cattle (Dairy)    1.0 
Cattle (Beef)    0.6944 
Sheep    0.1392 
Goat    0.1492 
Horses                                                  1.8 
Mules and Asses    0.986 
Swine    0.6944 
Poultry    0.0159 

INECC, 2012 

4. Considerations and Assumptions 

 It is assumed that all animals emit the same level of methane, regardless their weight and age. 

 To project growth of each species / type of animal, the analysis used the historical growth rates between 

1998-2010. 

 The analysis considered historical official annual data from 1998. 
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5. Emissions calculations 

Emissions of CH4 for manure management (beef cattle) =   

(29,245,912 (head) *0.6944 (kgCH4/head/year) )/1,000 = 20,308.4 Mg CH4 

6. Areas of opportunity 

 It is necessary to characterize the cohorts by species and type of livestock 

 Improve emission factors to adopt by weight, age, function and animal feed. 

 Generate excreta emission factors according to the agro-ecological zones in Mexico. 

7. Estimation method of mitigation measures 

Mitigation measure 1: 

Installation of integrated waste management, which include the implementation of bio-

digesters and the harnessing of energy in farms (pig and cattle). By 2030, it is considered 

that these systems cover 20% of the existing cattle. 

Information for the mitigation scenario Reference 

Activity rate: 
The livestock animals are projected by 2030. There is a 20% 

reduction of emissions from pigs and cattle (beef and dairy). 

Working Group INECC-

MCE2 

Emission factors Kept constant as BAU 
Working Group INECC-

MCE2 

Important considerations: 

 This is a sensitivity analysis. 

 There is large uncertainty on the growth of cattle, which could be subject to changes in human food 

consumption patterns. 

 Data used historical growth of livestock without considering competition or substitution of consumption 

between species (i.e., cattle meat and poultry). 

Mitigation measure 2: Not considered. 

Information for the mitigation scenario Reference 

References:  

INECC, 2012. Actualización del inventario nacional de emisiones de gases de efecto invernadero para el sector 
agricultura: México, Periodo: 1990 -2010, preparado para el Instituto Nacional de Ecología y Cambio 
Climático. 2012 

8. Remarks: 

Prepared by: Ina Salas 06-25-2013 

Discussion  
Iván , Ina Salas, Francisco Aviña, Abraham 

Ortinez,Thalia Hernández, Agustín García 
07-01-2013 

Revised Abraham Ortinez 07-03-2013 
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SECTOR: AGRICULTURE 

1. General Information 

Category: Livestock 

Description: Emissions from enteric fermentation of livestock.  

2. Baseline estimation method 

Method: IPCC 1996 emission factors for cattle, adapted for the country 

Baseline year 2010 

Pollutants: CH4 

Method for 

estimation: 

E = (G x FE) / 1000 

where: 

E = Annual emissions of pollutant (i) (Mg / year) 

G = Number of animals (head) 

EF = Emission factor of pollutant (i) (Kg / Head) 

3. Information for the estimation of emissions Reference 

Activity rate                                                          Heads (2010) 

Cattle (Dairy)    2,374,623 

Cattle (Beef)  30,267,511 

Sheep    8,105,562 

Goat    8,993,221 

Horses    1,033,011 

Mules and Asses       541,525 

Swine  15,435,412 

INECC, 2012 

Emission factor  Emission factor  

                                                          (kg/ head / year) 

Cattle (Dairy)                                      104.353 

Cattle (Beef)      47.409 

Sheep         5 

Goat         5 

Horses      18 

Mules and Asses      10 

Swine        1 

INECC, 2012 

4. Considerations and Assumptions 

 It is assumed that all animals emit the same level of methane, regardless their weight and age. 

 To project growth of each species / type of animal, the analysis uses the historical growth rates between 
1998-2010. 
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  The analysis considered historical official annual data from 1998. 

5. Emissions calculations 

Emissions of CH4 cattle (beef) = (29,245,912 (head) *47.409 (kgCH4/head/year))/1000 

= 1,386,519.4 Mg CH4 

6. Areas of opportunity 

 It is necessary to characterize the cohorts by species and type of livestock 

 It is necessary to improve emission factors to adopt by weight, age, function and animal feed. 

 Generate manure emission factors according to the agro-ecological zones in Mexico. 

 More research is needed about the measures to reduce the emissions from enteric fermentation through 

improvements in diet, use of additives, among others. 

7. Estimation method of mitigation measures 

Mitigation measure 1: 

The emission factors of enteric fermentation in cattle are reduced (3%) as a result of 

improvements in the diet of livestock, livestock management, change in cattle diets, 

variations in the metabolic pathway, etc. 

Information for the mitigation scenario Reference 

Activity rate: The livestock is projected to 2030  
Working Group INECC-

MCE2 

Emission factors 
The emission factor is reduced from 2011 to 2013 up to a 

maximum of 3 %. 

Working Group INECC-

MCE2 

Important considerations: 

 This is a sensitivity analysis. 

 There is a large uncertainty on the growth of cattle, which could be subject to changes in human food 

consumption patterns. 

 Data used historical growth of livestock without considering competition or substitution of consumption 

between species (i.e. cattle meat and poultry). 

Mitigation measure 2: Not considered. 

References:  

INECC, 2012. Actualización del inventario nacional de emisiones de gases de efecto invernadero para el sector 
agricultura: México, Periodo: 1990 -2010, preparado para el Instituto Nacional de Ecología y Cambio 
Climático. 2012 
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2. Waste 

SECTOR: WASTE 

1. General Information 

Category: Wastewater 

Description: Methane emissions from municipal wastewater treatment plants 

2. Baseline estimation method  

Method: IPCC emissions factors, 2006 

Base year estimation: 2010 

Pollutants: Methane 

Computations: Emissions 

Ei = ∑(Pob x (BOD/capita x Correction- BODremov) x  EFi xFra ) 

Where: 

Ei = CH4 annual emissions per plant type i (Mg/year) 

Pob = Population Data (per capita) 

BOD/capita = BOD emitted from wastewater per capita (kg/capita) 

Correction = Emission factor correction per wastewater type 

BODremov = BOD removed during wastewater treatment (Kg = 35% of BOD per capita) 

EF = Emissions Factor (CH4 /Kg BOD) 

Fra = Fraction of treated water by each type of plant 

BOD = Biochemical Oxygen Demand 

3. Information for calculating emissions Reference 

 

Activity rate 

Population in 2010   =  114,289,406 hab
a
 

Correction = 1.25 

BOD/capita  = 18.25 kg BOD/capita
b
 

BOD removed = 35% del BOD/capita(Aerobic Lagoon)
b
 

Treatment Fraction (2010)
b
 

Aerobic Plant      0.299
b
 

Aerobic Lagoon     0.071
b
 

Ocean, river, lake  (not treated)   0.466
b
 

Septic Tank            0.164
b
 

 

a) CONAPO 

b) INE-

SEMARNAT 2012 

 

Emissions Factor 

Aerobic Plant            0.18 (kg CH4/kg BOD) 

Aerobic Lagoon       0.30 (kg CH4/kg BOD) 

Ocean, river, lake    (No treated) 0.06 (kg CH4/kg BOD) 

Septic Tank             0.42 (kg CH4/kg BOD) 

 

INE-SEMARNAT 

2012 

4. Assumptions and considerations 

 Emissions are highly dependent on the default emission factors and population data obtained from census. 
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For the period of 2011-2030 emissions increase with population. 

 Only 4 types of wastewater treatment plants are considered 

 It is assumed that urban and rural populations have the same types of wastewater treatment plants. 

 No income-dependence is taken into account during the calculation of the BOD by population 

 The value of 1.25 used as correction due to the portion of industrial wastewater that is discharged in the 

municipal wastewater sewage. 

 In Mexico, these activities are not regulated and no extensive information is available. Ideally, the 

wastewater sector should be regulated and the databases updated according to the information requested 

for the 2006 methodology. 

5. Calculation example 

Aerobic Plant 

ECH4 = 114,289,406 (18.25x 1.25-0) x  0.18 x 0.299 = 140,320,961 kg/yr 

Aerobic Lagoon 

ECH4 = 114,289,406 (18.25x 1.25-7.98) x  0.30x 0.071 = 36,097,058.8 kg/yr 

6. Areas of opportunity 

 Emission factors per type of plant can be identified 

 Improve the classification of type of wastewater treatment plants and estimate by income and region (rural 

or urban). 

7. Method for estimating mitigation measures 

Mitigation measure 1: Improved operation and maintenance of wastewater treatment systems  

Information for scenario calculation Reference  

Activity rate: 

Treatment Distribution 2030 

 Aerobic Plant      0.336 

 Aerobic Lagoon   0.08 

 No treatment 0.40 

 Septic Tank          0.184 

CONAGUA 

Emission Factor: Emission factor for Aerobic treatment 0.18 to 0.06 IPCC 2006 

Important Considerations: 

 The emission factor for aerobic treatment varies from 0.18 to 0.06 kg CH4/BOD 

 Aerobic plants increase the treated flow capacity from 29.9% to 33.6 % 

 Septic tanks increase the treated flow capacity from 16.4 % to 18.42% 

 Growth trends for amount of wastewater and BOD depends on population 

 More emissions of methane result from increases in treated wastewater. Thus, better management of the 

water treatment plant is needed to reduce emissions of methane. 

Mitigation measure 2: 

In addition to the mitigation measure 1, the treatment capacity increases from 70% 

to 100% of the wastewater treatment plants. A large increase occurs for treatment 

capacity for aerobic plants 
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Information for scenario calculation Reference 

Activity rate: 

Treatment distribution      2030 

Aerobic Plant                      0.396 

Aerobic Lagoon                  0.080 

No treatment                     0.400 

Septic Tank                     0.164 

CONAGUA 

Emissions Factors: Same as mitigation measure 1  

Important Considerations: 

 The emission factor for aerobic treatment varies from 0.18 to 0.06 kg CH4/BOD 

 Aerobic plants increase the treated flow capacity from 29.9% to 33.6 % 

 Not considered the capture and recovery of methane in any of the scenarios. There is no information on 

future projects for wastewater treatment by type and treatment capacity to perform better projections. 

References: 

IPCC (2006). 2006 IPCC Guidelines for National Greenhouse Gas Inventories; Reporting Instructions (Volume 1), 
Workbook (Volume 2), Reference Manual (Volume 3) 

INE-SEMARNAT (2012). Actualización del Inventario Nacional de Emisiones de Gases de Efecto Invernadero 1990-
2010 en el Sector de Desechos.  IIE para INE-SEMANRNAT Convenio FPP-2011-26 

C       E t            t                   t     t             t                        t                    
sector aguas residuales en México 

CONAPO Consejo Nacional de Población. Proyecciones de Población 
http://www.conapo.gob.mx/es/CONAPO/Proyecciones 
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SECTOR: WASTE  

1. General Information 

Category: Open burning of Municipal Solid Waste (MSW)  

Description: Emissions from open burning of MSW in rural areas.  

2. Baseline estimation method  

Method: Emission Factor 

Base year  2010 

Pollutants: Black carbon and other pollutants. 

Calculations:  Emissions calculations for MSW open burning: 

EQRSU=QRSU* EF 

Where: 

EQRSU: Annual Emissions (Mg/year) 

QMSW: MSW burned amount (Mg/ year) 

EF: Pollutant Emission Factor (kg/ year) 

 MSW burned amount calculation:  

QRSU= Pobrural*GPC*0.4 

where: 

QRSU: MSW burned amount and produced in rural areas (Gg/year) 

Pobrural: Rural population (inhabitants) 

GPC: Production per capita (kg/hab/year) 

0.4:  MSW burned fraction in rural areas (INEGEI, 2013) 

3. Information for calculating emissions Reference 

Activity rate Rural Population 

MSW production per capita 

Fraction of MSW burned in rural areas 

CONAPO, 2010 

INEGI, 2012 

INEGEI, 2013 

Emissions Factor 

 

 

 

 

 

 

 

 

 

CH4 = 3.7 g/kg Christian et al, 2010 

BC = 0.646 g/kg Christian et al, 2010 

PM2.5 = 10.5 g/kg 
Christian et al, 2010 y Yokelson et al. 

2011 

PM10 = 8 g/kg Lemieux et al., 2004 y EPA, 1995 

COVs no methane =8.2 g/kg Christian et al, 2010 

CO = 45 g/kg Christian et al, 2010 

NOx = 3.18 kg/Mg 

Arithmetic average (std dev=0.35) of 

EPA, 1995;  Yokelson et al., 2011; Akagi 

et al., 2011; Lemieux et al., 2004 y Bond 

et al, 2004  

SO2 =0.5 g/kg 
Arithmetic average (std dev=0.0) of EPA, 

1995, Akagi et al. 2011, y Lemieux et al. 

CO2 = 1,367 g/kg Christian et al, 2010 
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 Formaldehyde = 0.62 g/kg Christian et al, 2010 

Ethylene 2.19 g/kg  (as O3 precursor) Christian et al, 2010 

Acetylene 0.4 g/kg  (as O3 precursor) Christian et al, 2010 

Cd  =0.0004633 g/kg Christian et al, 2010 

Pb = 0.005466 g/kg Christian et al, 2010 

As = 0.0011 g/kg Christian et al, 2010 

4. Assumptions and considerations 

A. The percentage of rural population decreased in base line from 28.7 % in 1990 to 23.2 % in 2010 (CONAPO, 

2010). For 2011-2030 the total population increases but the rural decreases. 

B. Due to the lack of information regarding the amount of MSW burned in Mexico, the following assumptions 

were made:: 

o MSW open burning occurs only in rural areas 

o The MWS fraction burned is 40%, an estimation given by the INEGEI consultant 

5. Calculation example 

Total emissions produced by the MWS open Burning in México: 

Methane = 3,782.17Gg/year X 3.7 Mg/Gg = 13,994.03 Mg/year  

Black Carbon = 3,782.17Gg/year X 0.646 Mg/Gg = 2,443.28 Mg/year 

PM2.5 = 3,782.17Gg/year X 10.5 Mg/Gg = 39,712.79 Mg/year 

PM10 = 3,782.17Gg/year X 8 Mg/Gg = 30,257.40 Mg/year 

COV´s No Methane = 3,782.17Gg/year X 8.2 Mg/Gg = 31,013.79 Mg/year 

CO = 3,782.17Gg/year X 45 Mg/Gg = 170,197.70 Mg/year 

NOX = 3,782.17Gg/year X 3.18 Mg/Gg = 12,027.30 Mg/year 

SO2 = 3,782.17Gg/year X 0.5 Mg/Gg = 1,891.09 Mg/year 

CO2 = 3,782.17Gg/year X 1,367 g/kg  = 5,170,23 Mg/year 

Formaldehyde = 3,782.17Gg/year X 0.62 g/kg = 2,344.95 Mg/year 

Ethylene = 3,782.17Gg/year X 2.19 g/kg = 8,282.95 Mg/year 

Acetylene = 3,782.17Gg/year X 0.4 g/kg = 1,512.868 Mg / year 

Cd = 3,782.17Gg/year X 0.0004633 g/kg =1.75 Mg/year 

Pb = 3,782.17Gg/year X 0.005466 g/kg = 20.67 Mg /year 

As= 3,782.17Gg/year X 0.0011 g/kg = 4.16 Mg /year 

6. Areas of opportunity 

 It is required to have more specific data at municipal level, with respect to the amount of MSW burned, 

disposal method, waste composition, recollection terms and disposal areas. 

 A detailed diagnosis of the municipal landfills regarding the MSW management is required. 

 It is recommended to use emission factors obtained for Mexico, thus an analysis of different available 

studies and methodologies is required, in order to establish regional emissions factors. 

7. Estimation mitigation measures 

Mitigation measure 1: 
Sensitivity analysis. A 60% reduction in MSW generation that is burned in rural areas is 

considered. 
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Scenario Information for calculation Reference 

Activity rate The emission factor is kept constant and activity rate is reduced to 40% of the 2030 BAU 

scenario.  Emission Factors 

8. Important Considerations: 

 The sector has a large uncertainty. 

 The INECC is developing a model of generation and burning of MSW at the municipal level that will allow 

monitoring regional impacts. 

 Activity rate is being refined. 

 It will be convenient to use regional emissions factors. 

 Discuss the assumptions for modeling mitigation scenarios with experts on the subject. 

References: 

Akagi, S.K., Yokelson, R.J., Wiedinmyer, C., Alvarado, M.J., Reid, J.S., Karl, T., Crounse, J.D., and Wennberg, P.O. 
2011. Emission factors for open and domestic biomass burning for use in atmospheric models, Atmos. Chem. 
Phys., 11, 4039-4072, doi:10.5194/acp-11-4039.. 

Arvizu, 2013. Comunicación directa con el experto en el sector residuos del iNGEI 2010. Ing. José Luis Arvizu 
Fernández, investigador del Instituto de Investigaciones Eléctricas. Mayo, 2013 

Christian, T. J., R. J. Yokelson, B. Cardenas, L. T. MolIna, G. Engling, and S.-C. Hsu., 2010. Trace gas and particle 
emissions from domestic and industrial biofuel use and garbage burning in central Mexico. Atmos. Chem. 
Phys., 10, 565–584 

CONAPO, 2010.Indicadores de población www.conapo.gob.mx 

EPA, 1995. AP 42. Section 2.5 Open Burning. 

Lemieux, P. M., Christopher C. L., and Santoianni D.A. 2004. Emissions of organic air toxics from open burning: a 
comprehensive review. Progress in Energy and Combustion Science 30 (2004) 1–32 

INEGI, 2012. Censo Nacional de Residuos Sólidos Urbanos Municipales, 2010. Elaborada por el Instituto Nacional 
de Estadística y Geografía (INEGI) para la Secretaria de Medio Ambiente y Recurso Naturales, SEMARNAT.  

INEGEI 2013,. Inventario Nacional de Emisiones de Gases de Efecto Invernadero 1990- 2010 

IPCC, 2010. Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories. 
Volume 5 Waste 

SEMARNAT, 2010. Inventario Nacional de Gases de Efecto Invernadero (INGEI) 2010. 

SEMARNAT, 2012. Diagnóstico Básico para el Manejo Integral de los Residuos, 2012. 

Yokelson R. J., I. R. Burling, S. P. Urbanski, E. L. Atlas, K. Adachi, P. R. Buseck, C. Wiedinmyer, S. K. Akagi, D. W. 
Toohey, and C. E.Wold. 2011. Trace gas and particle emissions from open biomass burning in Mexico. Atmos. 
Chem. Phys., 11, 6787–6808. 
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1. General Information 

Category: Landfills 

Description: Emissions of methane in landfills for the disposal of solid waste (RSU) 

2. Method for the estimation of the baseline 

Method: First Order Decomposition  (DPO) Level 2 (IPCC, 2006) 

Baseline year: 2010 

Pollutants: CH4 (methane) 

Calculation algorithm: RSU= Pob*RSUpc*365 

Where:  

RSU: Total generation of urban solid waste  RSU (kg/year) 

Pob: Total population (people) 

RSUpc: Per capita RSU generation (Kg/people/day) 

 

DSWi= (RSU*0.7)*CiRSU/100 

Where: 

DWSi: Fraction of i RSU for final disposition (kg) 

RSU: Total generation of RSUi (kg) 

0.7: Fraction of waste disposed in landfills or controlled sites  

CiRSU: Composition of i residues  

i: Type of residue 

 

MCF= (RSUsup(0.4)) + (RSUprof (0.8)) + (RSUrs(1)) + (RSUsca(0.5)) + (RSUssc(0.6)) 

Where: 

MCF: Fraction of CH4 in RSU in landfills 

RSUsup: Proportion of RSU disposed in non-controlled in the surface  

RSUprof: Proportion of RSU disposed in non-controlled in the depth  

RSUrs: Proportion of RSU in landfills  

RSUsca: Proportion of MSW in sites with semi aerobic control  

RSUssc: Proportion of MSW in uncategorized sites  

 

DDOCm = DWSi * DOCi * DOCf * MCF 

Where: 

DDOCm : Fraction of organic carbon degraded deposited  

DWSi: Amount of i RSU for final disposal (kg)  

DOCi : Organic carbon degraded i (Gg C/Gg waste) (IPCC, 2010) 

DOCf: Degraded organic carbon "different" (IPCC, 2010) 

f = Fraction of gas volume of CH4 in landfills 

MCF: Fraction of CH4 of i in landfills 

 

DDOCm= DDOCm* exp (-k*((13-M)/12) 

Where: 

DDOCm : Fraction of organic carbon degraded deposited 

M = Start process in the year of deposition year. Month (IPCC,2010) 

K = Constant rate of methane generation (1/year) (IPCC,2010) 



 

Supporting National Planning for Short-lived Climate Pollutants Initiatve (SNAP) in Mexico    153 

 

 

DDOCm SWDS = (DDOCm(t-1) + DDOCmnr) *(exp(-k) 

Where: 

DDOCm SWDS= Fraction of organic carbon accumulated in the disposal site  

 

DOCmdi = DDOCm SWDS(t-1) (1- exp(-k)) 

Where: 

DOCmdi: Fraction of organic carbon degraded IPCC, 2010) 

 

CH4i= DOCmdi*(16/12)*FCH4 

Where: 

CH4i: Methane emissions from i  waste(kg) 

DOCmdi: Fraction of organic carbon degraded 

16/12: Equivalence between the atomic mass of CH4 and carbon 

FCH4: Fraction of methane (IPCC, 2006) 

 

CH4= (∑CH4i) -CH4rec*(1-CH4Oxidized) 

Where: 

CH4: Methane emissions 

CH4i: Total methane emissions from residue i (kg) 

CH4rec:  Methane recovered from landfills (kg) 

CH4Oxidized: Fraction of CH4 oxidized (%) 

i: kind of residues 

3. Information for emissions calculation Reference 

Activity rate Population (1990-2030)
a 

Total generation of RSU
b 

Fraction of RSU for final disposal
c
  

Fraction of CH4 of i in landfills
e 

Methane emission for each residue
d 

Recuperated CH4 [kg]
e 

Fraction of oxidation of CH4
d 

a. CONAPO, 2010 

b. INEGI, 2012 

c. SEMARNAT, 2012 

d. IPCC, 2010 

e. INEGEI, 2013 

Emission factor IPCC, 2006 with national data (Level 2) 

4. Considerations and Assumptions 

 For the baseline, the considerations and assumptions are aligned with the IPCC Methodology (2010) 

“M th      F   t       D        t   ” 

 For the projection, the analysis assumes: 

o Solid residues generation (RSU) per capita grows at an annual rate of 1.3%, based on the growth 

observed over the period 1990-2010 

o The fraction of RSU for disposal and the composition of RSU remain constant from year 2010 

o From the year or 2003, recovered methane in landfills is constant. 

5. Emissions calculation 

For  2010 

RSU= (114,289,406 people* 0.977Kg/people/day*365 days ) /1,000,000= 40,756.17 Gg/year 

DSWfood= (40,756.17 Gg/year *0.7)*35/100 =10,144.02Gg 
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DSWjardineria= (40,756.17 Gg/year *0.7)*12/100 =3,546.05Gg 

DSWpapel= (40,756.17 Gg/year *0.7)*19/100 =5,377.20Gg 

DSWwood= (40,756.17 Gg/year *0.7)*2/100 =465.06Gg 

DSWtextil= (40,756.17 Gg/year *0.7)*7/100 =2,150.88Gg 

DSWnappy= (40,756.17 Gg/year *0.7)*9/100 =2,470.61Gg 

DSWplásticos= (40,756.17 Gg/year *0.7)*17/100 =4,883.03Gg 

MCF =(0.04*0.4) + (0*0.8) + (0.62*1) + (0.08*0.5) + (0.25*0.6)= 0.83 

DDOCfood= 10,144.02Gg * 0.4295 * 0.5 * 0.83 = 1,791.8356 Gg 

DDOCjardineria= 3,546.05Gg * 0.11 * 0.5 * 0.83 = 160.421319Gg 

DDOCpapel= 5,377.20Gg * 0.1485 * 0.5 * 0.83 =328.403478Gg 

DDOCwood= 465.06 Gg * 0.0104 * 0.5 * 0.83= 1.98912872Gg 

DDOCtextil= 2,150.88 Gg * 0.0105 * 0.5 * 0.83=9.28817918Gg 

DDOCnappy= 2,470.61Gg * 0.052 * 0.5 * 0.83 =52.8362316Gg 

DDOCmnr food = 1,791.8356 * 1=1,791.8356Gg 

DDOCmnr garden = 160.421319*1 = 160.421319Gg 
DDOCmnr papel =328.403478* 1 = 328.403478Gg 
DDOCmnr wood = 1.98912872 * 1 = 1.98912872Gg 
DDOCmnr textil = 9.28817918 * 1 = 9.28817918Gg 
DDOCmnr nappy = 52.8362316 * 1= 52.8362316Gg 
DDOCm SWDS food =(7,891.70965 + 1,791.8356) * 0.83110428 = 8,350.6693Gg 
DDOCm SWDS garden = (980.362714 + 160.421319) * 0.9 = 1047.49019Gg 
DDOCm SWDS papel = (2,843.53815 + 328.403478) * 0.94 = 3,006.34685Gg 
DDOCm SWDS wood = (35.2036745+ 1.98912872)* 0.97 = 36.1523774Gg 
DDOCm SWDS textil = (74.1596784 + 9.28817918 )* 0.94 = 79.1291341Gg 
DDOCm SWDS nappy = (322.891445 +52.8362316) * 0.90 = 345.000493Gg 
DOCmd food = 7,891.70965 * (1- 0.83110428) = 1,332.87595Gg 
DOCmd garden =980.362714 * (1 - 0.9 ) = 93.2938471Gg 
DOCmd papel = 2,843.53815 * (1 – 0.94) = 165.59477Gg 
DOCmd wood = 35.2036745 * (1- 0.97) =  1.04042582Gg 

DOCmd textil = 74.1596784 * (1 – 0.94) = 4.31872346Gg 

DOCmd nappy = 322.891445 ( 1 – 0.90) = 30.7271836Gg 

CH4 food= 1,332.87595*(16/12)* 0.5 = 888.583969Gg 

CH4 gardena= 93.2938471 *(16/12)* 0.5 = 62.1958981Gg 

CH4 papel=165.59477*(16/12)* 0.5 = 110.396513Gg 

CH4 wood=1.04042582 *(16/12)* 0.5 =  0.69361721Gg 

CH4 textil=4.31872346 *(16/12)* 0.5 =  2.87914897Gg 

CH4nappy=30.7271836 *(16/12)* 0.5 = 20.4847891Gg 

  CH4= (888.583969 + 62.1958981 + 110.396513 + 0.69361721 + 2.87914897 +  20.4847891) – (1) * (1 – 0.1)  

       = 975.81 Gg 

6. Areas of opportunity  

 Make specific studies to determine DOC values for the conditions in Mexico. 

 Improve the regional statistics of the disposition of RSU. 

 Analyze the differences between per-capita production of RSU at the regional level and develop studies 

about the differences in the composition of RSU. 

7. Estimation method of mitigation measures 

Mitigation measure 1: Increase of waste separation program and 3Rs (reduce, reuse and recycle) 

Information for the calculation of the mitigation measure Reference 

Activity rate Reduction of 60% of the average of daily per 

capita generation (0.75 kg / capita / day to 
Working Group INECC-MCE2. 
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2030) 

Emission factor The emission factors keep constant as BAU.  

Important considerations: 

A target to reduce by 60% in 2030 of the total RSU was established. This goal assumes that RSU are properly 

separated, allowing reuse and recycling, reducing per capita generation. 

Mitigation measure 2: Promote the recovery of landfill methane for electricity generation 

Information for the calculation of the mitigation measure Reference 

Activity rate 

The same as scenario 1. 

 It assumes the captures of 30% of the 

methane generated in landfills by 2030. 

Working Group INECC-MCE2. 

Emission factor The emission factors keep constant as BAU.  

Important considerations: 

Besides the reduction in per capita generation of RSU the methane generated is captured for the 30% of total RSU. 

References: 

CONAPO, 2010.Indicadores de población www.conapo.gob.mx 

INEGI, 2012. Censo Nacional de Residuos Sólidos Urbanos Municipales, 2010. Elaborada por el Instituto Nacional 
de Estadística y Geografía (INEGI) para la Secretaria de Medio Ambiente y Recurso Naturales, SEMARNAT. 

IPCC, 2006. Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories. 
Volume 5 Waste 

INEGEI 2013. Inventario Nacional de Emisiones de Gases de Efecto Invernadero 1990- 2010. 

SEMARNAT, 2012. Diagnóstico Básico para el Manejo Integral de los Residuos, 2012.  
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3. Wildfires 

SECTOR: WILDFIRES 

1. General Information 

Category: Forestfires 

Description: Forest fires burning, by kind of vegetation type (grassland, scrub and bush, mature trees, sapling) 

2. Baseline estimation method 

Method: Emission factors for forest fires 

Baseline year 2010 

Pollutants: CH4, BC 

Method for 

estimation: 

E = (Q x FE) 

where: 

E = Annual emissions of pollutant (i) (Mg / year) 

Q = Hectares of forest burned (ha / year) 

EF = Emission factor of pollutant (i) (Mg / ha) 

3. Information for the estimation of emission Reference 

Activity rate Forest by vegetation 
type (hectares burned) 
 

Grassland Forest Sapling 
(young 
trees) 

Old (mature 
trees) 

2010 51,513 6,372 5,882 50,957 
 

CONAFOR, 

many years  

Emission factor  Grassland Forest Sapling 
(young 
trees) 

Old (mature 
trees) 

PM2.5 0.135 0.237 0.001 0.066 

CH4 0.064 0.103 0.000 0.031 

BC 0.072*Particulates PM2.5: Emission Factor[kg/ha] 
 

INEM, 2008 

4. Considerations and Assumptions 

 For the projections, it was considered that the area affected by forest fires has the same historical growth 

between 2003-2012 by vegetation type: pasture: 8.6%; forest: -16.9%; Sapling (young trees): -4.4%, Old 

(mature trees): -2.6%. 

5. Emissions calculations 

Emissions of CH4 Grassland: 51,513 ha x 0.064 (Mg/ha) = 3,296.8 Mg. 

6. Areas of opportunity 

 It is necessary to analyze the uncertainty of the projected trends of forest fires, since there are currently 

preventing and mitigating measures that are operating in Mexico. 

 With climate change, the adjustment in future scenarios should be further analyzed in the intensity and 



 

Supporting National Planning for Short-lived Climate Pollutants Initiatve (SNAP) in Mexico    157 

 

recurrence of forest fires in certain areas. 

7. Estimation method of mitigation measures 

Mitigation measure 1: 

The NOM-015 SEMARNAT SAGARPA regarding technical specifications and methods of 

use of fire in forestland and agricultural land are reinforced. With this measure a 

reduction of 25% of fires with agricultural origin is achieved. 

Information for the mitigation scenario Reference 

Activity rate: 
In 2030 the 25% of the forest fires with agricultural origin are 

controlled. 

Estimations using 

CONAFOR data. 

Emission factors The emission factor remains the same as the baseline  

Important considerations: 

  It is assumed that the origin of agricultural fires is constant in time. 

 25% of forest fires reduction is distributed evenly among all forest types. 

Mitigation measure 2: 

Reinforcement of the control and prevention regulations stated in the norm NOM-015 

SEMARNAT SAGARPA for cultivable and forested land in the states with most frequent 

forest fires. Such reinforcement will reduce the forest fires caused by agricultural burning. 

Information for the mitigation scenario Reference 

Activity rate: 

The 34% of the surface affected by forest fires projected in 2030 

is controlled and does not burn. Only fires are maintained in 66% 

of the area affected by wildfires in 2030. 

Estimations using 

CONAFOR data. 

Emission factors The emission factor remains the same as the baseline  

Important considerations: 

 Sonora (75.202 ha), Chihuahua (51,903 ha), Durango (51.626 ha), Coahuila (32,189 ha), Baja California 

(27,301 ha) accounted for 68.5% of total hectares affected by forest fires in 2010. A decrease by 50% of 

the area affected by forest fires in these five states (34% of the area affected in the five states) is 

achieved. 

 It is assumed that forest fires keep constant their intensity and impact. Furthermore it is assumed that the 

5 states concentrate 68.5% of the fires in Mexico historically. 

 The reduction of 34% is distributed evenly among all forest types. 

References:  

CONAFOR. Reporte de incendios forestales, estadísticas a nivel nacional y por entidad. Varios años. Available at 
http://www.conafor.gob.mx/portal/index.php/transparencia-y-rendicion-de-cuentas/transparencia-
focalizada/programa-incendios-forestales 

SEMARNAT 2013. Inventario Nacional de Emisiones 2008. Datos preliminares. 

8. Remarks: 

Prepared by: Ina Salas  06-25-2013 

Discussion  
Fabiola Ramírez, Thalia Hernández, Iván  

Islas, Ina Salas, Agustín García 
06-27-2013 

http://www.conafor.gob.mx/portal/index.php/transparencia-y-rendicion-de-cuentas/transparencia-focalizada/programa-incendios-forestales
http://www.conafor.gob.mx/portal/index.php/transparencia-y-rendicion-de-cuentas/transparencia-focalizada/programa-incendios-forestales
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4. Fossil fuel extraction and distribution 

SECTOR: Fossil Fuel extraction and distribution 

1. General Information 

Category: Emissions from the oil and gas sector 

Description: Methane emissions from fugitive emissions and black carbon from burners (flare) 

2. Baseline estimation method  

Method: Obtain CH4 and BC from CO2eq emissions reported by PEMEX. 

Base year estimation: 2010 

Pollutants: CH4 and BC 

Computations:  Methane Fugitive Emissions and Venting 

E = (E CO2eq) x1,000/(21) 

Where: 

E = Annual Methane Emissions (Gg/year) 

ECO2eq = Annual CO2eq Emissions (Tg/year) 

21 = Methane Global Warming Potential CO2eq 

 

 Methane Emissions from Burner 

E = (E CO2eq) x FCH4 x 1000/21 

Where: 

E = Methane Annual Emissions (Gg/year) 

ECO2eq = Emissions of CO2eq (Tg/year) 

FCH4 = Methane Fraction from burners. (0.0007) 

21 = Methane Global Warming Potential CO2eq 

FCH4 =  21 FECH4  (1-EF)  / ( FECO2 EF + 21 FECH4  (1-EF) ) 

EF burner efficiency (95%) 

FCH4 = 0.0007 

 

Where FCH4 

FCH4 =  21 FECH4  (1-EF)  / ( FECO2 EF + 21 FECH4  (1-EF) )  

EF burner efficiency (95%) 

FCH4 = 0.0007 

 

 Black Carbon Emissions from Burner 

         EBC = ECO2eq/(0.95 EFCO2x 0.05 EFCH4) x EFBC 

Where: 

EBC = Black Carbon Annual Emissions (Gg/year) 

ECO2eq = Emissions of CO2eq (Tg/year) 

EFBC  =  Emission factors of Black Carbon (kg BC/Gg) 
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EFCO2 = CO2 Emission factor ( Gg CO2e/10
6
 m

3 
gas) 

EFCH4 = Methane emissions factor (Gg CO2e/10
6
 m

3 
gas) 

3. Information for emissions calculation Reference 

Activity rate Emissions of CO2-eq  in 2010 

 PEP (Tg/year)  
Fugitive Emissions             1.84 

Venting Emissions             2.18 

Emissions by Burner         53.07 

 PREF 
Fugitive Emissions             0.02 

Emissions by Burner          0.54 

 PGPB 
Fugitive Emissions            0.59 

Vent Emissions                  2.10 

Emissions by Burner        0.09 

 PPQ 
Fugitives Emissions            0.00 

Venting Emissions             2.78 

Emissions by Burner         0.014 

PEMEX source  

Emissions Factor  FECO2 = 0.0012 Gg/1,000,000 m
3 a

 

 FECH4  = 7.6E-7 Gg/1,000,000 m
3 a

 

 FEBC = 510 kg/1,000m
3 b

 

 BC = 425,000 kgBC/Tg CO2
b
 

 CO2e = 21CH4 

a
 IPCC, 2006 

b
 McEwen & Johnson [2012] 

GWP factor 

4. Assumptions and considerations 

 PEMEX reports projecting GHG emissions for the period 2010-2026 in units of CO2e. From these data we 

estimate the black carbon and methane via the formulas previously proposed. 

 For the period 2027-2030 the projection was done based on the compound annual growth rate for the 

period 2016-2026 for the total of each emissions type: black carbon and methane. 

 Emissions from venting and fugitive emissions are considered as 100% methane. 

 The process of burning natural gas has an efficiency of 95. %. That is, 5% of the emissions burner is 

methane. 

 The emissions factors used have a large uncertainty (± 75%). 

5. Calculation example 

Emissions of methane from venting PEP: 

ECH4 = 1.84 Tg x 1000 Gg/Tg /(21)= 87.5 Gg CH4 

Emission of Black Carbon by Burner PEP: 

ECH4 = 53.07 Tg x 1000 Gg/Tg /(21)*0.0007=  1.769 Gg CH4 

EBC =  53.07 Tg x 447,055 kgBC/Tg = 2.37e+07 kg 

6. Areas of opportunity 

 To determine black carbon emissions factors of PEMEX burners. So far this has been done for a burner in 
Poza Rica. 
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 Reduce the uncertainty associated with the emission factors used in the calculations. 

 Identify SO2 emissions in future estimates. These issues have implications for the health of local residents. 

7. Estimation mitigation measures 

Mitigation measure 1: 
Increase the natural gas injection into the well from 90% to 98% in the production 

processes. 

Scenario Information for calculation Reference: PEMEX 

Activity rate: 

 CO2e  emissions from PEP in 2010 

(Tg/year)  

Fugitive emissions            1.85 

Venting emissions            2.18 

Burner emissions           22.29 

 CO2e emissions from PEP in 2030 

(Tg/year) 

Fugitive emissions            2.31 

Venting emissions            5.06 

Burner emissions             7.41 

PEMEX 

Emission Factor: 
Emissions control is obtained by injected gas 

only from Pemex Exploration and Production. 
 

Important considerations: 

 Reduction in emissions come from injected gas in PEMEX exploration and production 

Mitigation measures 2: Not available 

References: 

IPCC (2006).  2006 IPCC Guidelines for National Greenhouse Gas Inventories. Chapter 4: Fugitive Emissions. 
http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_4_Ch4_Fugitive_Emissions.pdf.  

McEwen, J.D.N. and Johnson, M.R. (2012): Black carbon particulate matter emission factors for buoyancy-7 
driven associated gas flares. Journal of the Air and Waste Management Association, 62, pp. 307-321 

PEMEX Gerencia de Desarrollo Sustentable, Subdirección de Planeación Estratégica y Operativa, Dirección 
Corporativa de Operaciones, Petróleos Mexicanos 

8. Remarks: 

Prepared by: Agustín García 06-25-2013 

Discussion  

Iván Islas, Jordi Tovilla, Santa Centeno, 

Gloria, Ina Salas, Luisa MolIna, Agustín 

García, Carolina Inclán 

06-26-2013 

07-03-2013 

07-26-2013 

Revised Agustín García 06-28-2013 

07-27-2013 

 
  

http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_4_Ch4_Fugitive_Emissions.pdf
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SECTOR: Fossil Fuel extraction and distribution 

1. General Information 

Category: Coal mining production. 

Description: Methane emissions from mining extraction and posterior activities in coal mines.  

2. Baseline estimation method  

Method: IPCC-1996 emissions factors 

Base year estimation: 2010 

Pollutants: Methane 

Calculation: Total emissions 

ET = ∑Ei 

Ei = Activity  x  FEi   

 Where: 

        ET= Total emissions of methane from coal mining activities 

Ei = Methane annual emissions by activity (Mg/yr) 

Activity = Coal production (Mg) 

        FE = Emission factor (kgCH4 /Mg )  

3. Information for calculating emissions Reference 

Activity rate Coal Production     2010   

Surface (Gg), 4, 498.8 

Underground (Gg),  23,066.2 

INEGEI 2013, 

USGS, 2010 

Emissions Factor Surface mining: 

Extraction 1.2m
3
/Mg =0.804 kgCH4/Mg 

Post-processing : 0.1 m
3
/Mg =0.067 kgCH4/Mg 

Underground: 

 Extraction 17.5m
3
/Mg =11.725 kgCH4/Mg 

Post-processing : 2.45 m
3
/Mg =1.642 kgCH4/Mg 

IPCC, 1996 

 

4. Assumptions and considerations 

 Production remains constant (as 2010) for the entire period 2010 to 2030. 

 Historical production 1990-2010 is included. 

 The entire extraction product enters to the postproduction process. 

 In the 1990-2010 INEGEI it is considered that open pit mines have a share of 40% of the thermal coal 

production and underground mines have 60%. Underground mines produce steelmaking coal. 

5. Calculation example 

 Surface mines 
Extraction   = (0.804 kg CH4/Mg)*((4, 498.8 Gg Carbon*1000)= 3,617,0 MgCH4 

Post             = (0.067 kg CH4/Mg)*((4, 498.8 Gg Carbon*1,000)=   301.4 MgCH4 

 Underground mines 
Extraction           = (11.725 kg CH4/Mg)*(23,066.2 Gg Carbon*1,000))= 270,451.2 MgCH4 
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Post                     = (1.642 kg CH4/Mg)*(23,066.2 Gg Carbon*1,000))=     37,874.7 MgCH4 

Total emissions = 312,244.3 MgCH4 

6. Areas of opportunity 

 To generate more disaggregated information for Mexico on mining activities. 

 Identify the equipment used during mining operations in Mexico and apply appropriate emission factors. 

 Work on an update for applying the 2006 IPCC methodology. 

7. Estimation mitigation measures 

Mitigation measure 1: 
 A sensitivity analysis was performed considering the implementation of technology 

for capturing methane from coal mining. 

Scenario Information for calculation Reference  

Activity rate: 
The same data as base line 2010. A capture of 

15% of the CH4 emissions in mining and post 

mining activities.  

Assumption INECC working group, 

MCE2 for this project 

Emission Factor: Same as base line  

Important Considerations: 

 The reductions are estimates for sensitivity assessment. At present there are no studies to confirm these 

capture capabilities. 

 There is no specific policy for this sector, but given its importance in terms of emissions of CH4 , this 

possible mitigation scenario will have to be revised. 

Mitigation measures 2: 
Methane captured by 75,000 Mg in underground mining and 7,500 Mg in post 

processing underground 

Scenario calculation information Reference 

Activity rate: 

The same data as base line 2010. A capture of 

20% of the CH4 emissions in mining and post 

mining activities. 

Assumption INECC working group, 

MCE2 for this project 

Emissions Factors: Same as base line  

Important Consideration: 

 The reductions are estimates for sensitivity assessment. At present there are no studies to confirm these 
capture capabilities. 

 There is no specific policy for this sector, but given its importance in terms of emissions of CH4 , this 
possible mitigation scenario will have to be revised. 

References: 

INEGEI  2013. Inventario Nacional de Emisiones de Gases de Efecto Invernadero 1990- 2010 

IPCC 1996 Tier 1 default values Reference manual, vol. III, PICC, 1996,  Ec. 1, Ec. 4, Ec. 3., pp. 1.105, 1.108 y 1.110. 

USGS  Minerals Yearbook of Mexico 2010 available from 

http://minerals.usgs.gov/minerals/pubs/country/2010/myb3-2010-mx.pdf  

 

http://minerals.usgs.gov/minerals/pubs/country/2010/myb3-2010-mx.pdf
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SECTOR: Fossil Fuel extraction and distribution 

1. General Information 

Category: Fugitive emissions from coal coke production 

Description: Black carbon fugitive emissions from coal coke production 

2. Baseline estimation method  

Method: Emission factors 

Base year estimation: 2010 

Pollutants: Black Carbon  (BC) , Organic carbon, NMVOC, NH3, PM10, PM2.5, CH4, CO2 

Computations: Ei = Activity  x  EF   

Where: 

Ei = pollutant  annual emissions (Mg/yr) 

Activity = Coal coke production (Mg) 

EF = Emissions Factor (kg /Mg ) 

3. Information for calculating emissions Reference 

Activity rate Coke production in 2010  2,105 Gg SENER 2012 

Emissions Factor                                                             kg/Tonne 

Carbon Dioxide Non Biogenic 560
a
 

Methane       0.0001
 a

 

Organic Carbon     0.46
b
 

Black Carbon      0.65
 b

 

Particulates PM25    4.8
 b

 

Particulates PM10    5.6
b
 

Ammonia       0.99
 c
 

Non Methane Volatile Organic Compounds 0.017
 c
  

 
a 

IPCC, 2006 
b
 Bond et al. 2004

  

c
 EMEP/EEA 

 

 

4. Assumptions and consideration 

 2010 production is maintained for the entire 2010-2030 period 

 There is uncertainty in the factors 

 The energy intensity of the coke is considered as 37.7 Gg / PJ 

 The emission factor used is for coking production and ovens. 

 It is considered that the coke ovens in Mexico have emission controls that make ovens to be classified as 

improved, since the steel industry in Mexico is registered as a clean industry. 

5. Calculation example 

CO2 560kg/Mg x 2,105Gg = 1,178,800 Mg 

Methane 0.0001 kg/Mg x 2,105Gg = 0.2105 Mg 

Organic Carbon 0.46 kg/Mg x 2,105 Gg = 968.3 Mg 

Black Carbon 0.65 kg/Mg x 2,105 Gg = 1,368.25 Mg 

PM25 4.8 kg/Mg x 2,105 Gg = 10,104 Mg 

PM10 5.6 kg/Mg x 2,105 Gg =1,1788 Mg  

Ammonia 0.99 kg/Mg x 2,105 Gg = 2,083.95 Mg 
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  NOMVOC              0.017 kg/Mg x 2,105 Gg = 35.8 Mg 

6. Areas of opportunity 

 Develop more detailed information to apply emission factors by technology. 

 Develop emission factors for equipment operated in Mexico. 

7. Estimation mitigation measures 

Mitigation measure 1: 
 No mitigation measures are considered for this sector since it is one of the most 

efficient. 

Important Consideration:  

 Coke ovens in Mexico have emission controls and are classified as improved ovens, Iron and Steel industry 

h             “C     I    t y”. 

 Coke ovens in Mexico have strict emission control technologies, thus, the coke ovens are considered as 

“        ”.  

References: 

EMEP/EEA Air pollutant emissions inventory guidebook (2009)  

 http://www.eea.europa.eu/publications/emep-eea-emission-inventory-guidebook-2009 

Bond, Tami C.,David G. Streets, Kristen F. Yarber, Sibyl M. Nelson, Jung-H   W        Zb     w K     t.2004 “  

technology-b        b        t  y    b   k                b                     b  t   ” J.    . Phy . Res. 

109 D14203. 

IPCC 2006 Tier 1 default values for Coke production 

SENER 2012, Balance Nacional de Energía 2011 

8. Remarks: 

Prepared by: Agustín García 06-25-2013 

Discussion  
Iván Islas, Jordi Tovilla, Santa Centeno, 

Gloria, Ina Salas, Agustín García 

06-26-2013  

 

Revised Agustín García 07-02-2013 

 

  

http://www.eea.europa.eu/publications/emep-eea-emission-inventory-guidebook-2009
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5. Industrial Processes 

SECTOR: INDUSTRIAL PROCESSES 

1. General Information 

Category: Metal smelting 

Description: Emissions from pig iron production 

2. Baseline estimation method  

Method: Emissions factors 

Base year estimation: 2010 

Pollutants: PM10, PM2.5, Black Carbon, Organic Carbon 

Computations: Ei = Activity  x  EFi  

Where: 

Ei = annual emissions (Mg/year) 

Activity = Pig Iron annual production (Mg) 

EFi = Emissions factor per pollutant i (kg /Mg ) 

3. Information for calculating emissions Reference 

Activity rate Steel production for 2010: 4 580 Mg INEGI, USGS 

Emissions Factors                                 kg/Mg 

Organic Carbon     0.001 
b
 

Black Carbon         0.004 
b
 

PM2.5                       0.5 
a
 

PM10                      1.0 
a
 

 

a) EMEP/Corinari (2007) 

b) Bond et al. 2004 (Table 9) 

4. Assumptions and considerations 

 The production projections of pig iron after 2010 is obtained by multiplying the annual steel production 

forecast by CANACERO and the moving average of the percentage share that has the pig iron in steel 

production. 

 The moving average is calculated using the historical participation that has the pig iron in steel production 

in a period of 15 years preceding the year of calculation, based on data from INEGI and, that was obtained 

from forecasts. 

5. Calculation example 

                               Kg/Mg           Mg         kg 

Organic Carbon: 0.001 x 4,580,000 = 4,580 

Black Carbon :    0.004 x 4,580,000 = 18,320 

PM2.5:                   0.5 x 4,580,000     = 2,290,000 

PM10:                   1 x 4,580,000         = 4,580,000 
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6. Areas of opportunity  

 Specific emissions factors can be identified for processes operating in Mexico. 

 More disaggregated information is needed for processes and for the reducing agent. 

7. Estimation mitigation measures 

Mitigation measure 1: There are no mitigation measures considered for this sector. 

Scenario Information for calculation Reference  

Activity rate:   

Emission Factor:   

Important Consideration: 

The steel industry in Mexico posses an official registration as clean industry. 

References: 

EMEP/CORINAIR Emission Inventory Guidebook – 2007 Available at: 
http://www.eea.europa.eu/publications/EMEPCORINAIR5/   

Bond, T. C., Streets, D. G., Yarber, K. F., Nelson, S. M., Woo, J.-H., and Klimont, Z.: A technology-based global 
inventory of black and organic carbon emissions from combustion, J. Geophys. Res., 109, D14203, 
doi:10.1029/2003JD003697, 2004 

INEGI, La industria siderúrgica en México 1996, cuadro 2.8-1990-1995. 

INEGI, La industria siderúrgica en México 2001, cuadro 2.2.2.1995-2000. 

INEGI, La industria siderúrgica en México 2006, cuadro 2.2.2. 2000-2005. 

INEGI, La industria siderúrgica en México 1996, cuadro 2.2.2. 2005-2010. 

USGS  Minerals Yearbook of Mexico 2010 available from 
http://minerals.usgs.gov/minerals/pubs/country/2010/myb3-2010-mx.pdf 

8. Remarks: 
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Agustín García 
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Revised Jesús Bernal, Santa Centeno 
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http://www.eea.europa.eu/publications/EMEPCORINAIR5/
http://minerals.usgs.gov/minerals/pubs/country/2010/myb3-2010-mx.pdf


 

168  Supporting National Planning for Short-lived Climate Pollutants Initiative (SNAP) in Mexico 

 

SECTOR: INDUSTRIAL PROCESSES 

1. General Information 

Category: Manufacture and construction 

Description: Emissions from the artisanal production of bricks with wood  

2. Baseline estimation method 

Method: 
The calculations were made on the basis of the energy efficiency in the artisanal production of 

bricks developed by INECC and UAMI (Cardenas et. al.,  2013) 

Baseline year 2010 

Pollutants: Black Carbon (BC), CO, CO2, CH4, PM2.5 

Method for 

estimation: 

 Emissions: 

E = (Net Production)*(Energy Efficiency)*(Calorific power of the fuel)*(FE)*0.000001(Mg/g) 

Where: 

E = annual emission of the pollutant (i) (Mg/year) 

Production= Net production considering lost product (kg/year) 

Energy efficiency = Efficiency of the oven (MJ/kg of dry brick) 

Calorific power of the fuel = Fuel/Energy (kg wood/MJ) 

FE = emission factor for the pollutant (i) (g/Mg) 

3. Information for the estimation of emission Reference 

Activity rate  Net production: 10,202,167,944 kg from 

bricks per year 

 Fuel= 3,000 kg Wood/Brick kilns (average) 

 Traditional brick kilns = 17,054   

Kato,  Bárcenas, Acero y Ruíz Mariscal, 

2013c,  

Emission 

factor 

CO = 120 g/kg dry wood 
b
 

CO2 = 291.85 g/kg brick 
b
 

CH4 = 0.92 g/kg brick 
b
 

BC=0.6 g/kg dry wood 
a 

PM2.5=241 g/Mg brick (made without loss)
c
  

Dioxins and Furans= 45 ng/Mg brick
 

Cárdenas, B., et al 2012 . 
b
 

Christian, T.J., et al 2010. 
a 

Cárdenas, B., et al 2013
c 

Maíz, P., et al 2010
d 

4. Considerations and Assumptions 

 Brick production is assumed constant for all the period 2010-2030, because of the uncertainty of the growth 

of the informal sector. 

 For the net production an estimated of 5% of loss is considered in the total production (Munguia, et al 

2013). 

 The emissions factors used correspond to studies developed by the INECC et al. (Cardenas et al., 2012), in 

2010 for traditional brick kilns in Mexico. 

 The wood consumption is calculated using the calorific value of the wood. (Munguia et al., 2012, Cardenas 

et al., 2012) 
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 An estimated from the 2013 inventory (Kato et al., 2013) considered that 82% of the brick kilns use wood as 

the main fuel and the rest of the brick kilns use other kind of fuels. Therefore for this estimate is considered 

that all the brick kilns use wood as a fuel. Future work should determine energy consumption and emission 

factors.  

 For the emissions factors of all pollutants (except BC) is considered that 48% comes from fixed kilns and 

52% comes from campaign kilns, there are values of energy efficiency values for these two types of ovens. 

The recent study by INECC-MCE2 -UNEP will generate new emission factors and a further analysis could be 

made.  

  The emission factor considered of 0.6 g / kg for black carbon is for a typical kilns of 10,000 bricks capacity. 

(Christian, T.J., et al., 2010).  

 There are different sizes of brick kilns and therefore a value that is within the range should be considered. 

Christian et al. (2010) determined a proportional factor  to the number of bricks taking as a base kilns with 

5,000 bricks capacity. 

  We assume a calorific value of 1 kg wood / 18 MJ (Munguia et al., 2012, Cardenas et al., 2012) that is a 

value in an appropriate range for wood used in Mexico and there is no much difference changing these 

values. 

 Given the diversity in the type of brick kilns, a range of emission factors (0.1-0.6) g BC / kg of dry wood will 

be considered. 

5. Emissions calculations 

Total emission of traditional brick kilns: 

BC emission Ton/year= (10,202,167,944 kg brick/year)(1.41 MJ/kg of brick)(1 kg wood/18 MJ)(0.6g BC/kg 

wood)(1Ton/1000000g) = 479.5 Ton/year black Carbon (Kato, et al 2013) 

6. Areas of opportunity 

 There is large uncertainty due to the large difference between the types of brick kilns and fuel mix. It 

suggested to improve the inventory by type of brick kilns and to improve the consumption data by fuel 

type. 

 More measurements of brick kilns are required for different types of operations, brick capacities, and the 

type of fuel used. 

 The health impacts due to other pollutants are unknown, but there is information on the impact of toxic 

pollutants (dioxins and furans). 

7. Estimation method of mitigation measures 

Mitigation 

measure 1: 

A sensitivity analysis was made considering the substitution of traditional brick kilns with 

“t     ” k         th  5  t t   w th th        t b   k       t   . F   th    xt 20 y        

proportion of brick kilns will be substituted .  

 

2018: 

 70% traditional 

 24 % improved 

 6.0 % industrial 

2023 

 35% traditional 
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 53% improved 

 12% industrial 

2030 

 20% traditional 

 55% improved 

 25% industrial 

Information for the mitigation scenario Reference 

Activity rate: 
Traditional artisanal brick production remains 

constant 

Kato,  Bárcenas, Acero y Ruíz Mariscal, 

2013., CCAC-México initiative to mitigate 

black carbon and other pollutants from 

brick production: Regional Assessment, 

Proposal for National strategy to modernize 

the brick sector in Mexico . 

Emission 

factors 

The emission factor change because of the use of 

tunnel kilns which has a very low contribution of 

black carbon (zero emission factor for BC). 

Sameer, M., Uma, R., Brick Kilns 

Performance Assessment, Road Map for 

Cleaner Brick Production in India, 2012 , 

shakti, 

http://www.unep.org/ccac/Portals/24183/

docs/Brick_Kilns_Performance_Assessment.

pdf 

Important considerations  

 In order to introduce tunnel kilns it is necessary to consider a financing strategy and programs for the sector to 

ensure the transformation of the artisanal sector 

Mitigation 

measure 2: 

A conservative scenario was considered, and proposes an 80% transformation of traditional brick 

production into new technologies by 2030, with three horizons in 2018, 2023 and 2030.  

2018  

 95% traditional 

 4.0 % improved 

 1.0 % industrial 

2023 

 70% traditional 

 25% improved 

 5% industrial 

2030 

 20% traditional 

 55% improved 

 25% industrial 

Information for the mitigation scenario Reference 

Activity rate 

80% of the brick production is transformed with new 

technologies and this sector is integrated to the formal 

sector, the 20% remain due to cultural and economic 

reasons. 

Kato,  Bárcenas, Acero y Ruíz 

Mariscal, 2013a.  

http://www.unep.org/ccac/Portals/24183/docs/Brick_Kilns_Performance_Assessment.pdf
http://www.unep.org/ccac/Portals/24183/docs/Brick_Kilns_Performance_Assessment.pdf
http://www.unep.org/ccac/Portals/24183/docs/Brick_Kilns_Performance_Assessment.pdf
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Emission factor 

The emission factor change as a result of the use of tunnel 

kilns which have very low contribution of black carbon (zero 

emission factor for BC). 

Sameer, M. and Uma, R., 2012. 

Important considerations 

 There was not change made in the emission factors used but new technologies such as tunnel kilns with 

natural gas use were considered. 

References: 

Kato,  Bárcenas, Acero y Ruíz Mariscal, 2013a. CCAC-México initiative to mitigate black carbon and other 
pollutants from brick production: Regional Assessment, Proposal for National strategy to modernize the brick 
sector in Mexico. 

Kato,  Bárcenas, Acero y Ruíz Mariscal, 2013b., CCAC-México initiative to mitigate black carbon and other 
pollutants from brick production; Opportunities for reducing emissions of short-lived climate pollutants 
(SLCPs) from brick making in Latin America.  

Kato,  Bárcenas, Acero y Ruíz Mariscal, 2013c. CCAC-México initiative to mitigate black carbon and other 
pollutants from brick production; Public Policy Review of the Brick Sector in Latin America to Find 
Opportunities for Reducing Emissions of Short-Lived Climate Pollutants. 

Cárdenas B., et al 2013, personal reference, artisanal brick kilns in Aguascalientes, México ( preliminar, it will be 
added when reported is finished). 

Cárdenas B., Aréchiga, U., Munguía J.L., Márquez C., Campos, A. 2012. Evaluación preliminar del impacto 
ambiental por la producción artesanal de ladrillo: cambio climático, eficiencia energética y calidad del aire. 
Informe Final del Convenio de Colaboración INE/ADA-013/2009. Versión Actualizada Junio 2012. Universidad 
Autónoma Metropolitana Iztapalapa y el Instituto Nacional de Ecología. México D.F. pp44. 

Maiz, P., Umlauf G., Mariani G,  Skejo H, Cardenas, B., PCDD/F, PCB, HCB, From artisanal Brick Production in 
developing countries, a case study in México, Dioxin 20XX, 2010, International Dioxin Symposium website on 
Halogenated Persistent Organic Pollutants 

Munguía G. J. L., Aréchiga V. J. U., Cárdenas G. B., 2013. Estudios en campo para la actualización de la línea base 
enfocada en la Estudios en Campo para La Actualización de la Línea Base, Enfocada en la Eficiencia Energética 
de las Ladrilleras del “R      ” 2                 ét                           “R       L         j  t ”  
proyecto EELA, México D.F. pp. 1-87 

Christian, T.J., R. J. Yokelson, B. Cárdenas, L. T. MolIna, G. Engling, and S.-C. Hsu, Trace gas and particle emissions 
from domestic and industrial biofuel use and garbage burning in central Mexico, Atmos. Chem. Phys., 10, 
565–584, 2010. 
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shakti, http://www.unep.org/ccac/Portals/24183/docs/Brick_Kilns_Performance_Assessment.pdf 
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6. Residential 

SECTOR: RESIDENTIAL 

1. General Information 

Category: Residential use of wood  

Description: Emissions from wood burning in traditional cook stoves and open fire cook stoves. 

2.  Method for the estimation of the baseline 

Method: Emission factors and activity rate (wood consumption) 

Baseline 

year: 
2010 

Pollutants: BC, CH4, NOx, PM2.5, NH3, SO2, CO2, CO, OC, TNMHC 

Calculation 

algorithm: 

 E i = [         )  (            )))    ] 

where: 

        Ei= Emissions by municipality 

Vo (houses using wood as a fuel by municipality)= (total houses by municipality *Percentage of 

population living in rural areas (with less than 5000 people) 

Ue (Percentage of exclusive users of wood by municipality) =  (Number of exclusive users of 

firewood / total population) 

Um ( Percentage of mixed users, that is use other fuels besides wood):  

=  Exclusives users – Total Population of the municipality, when the percentage of population 

consuming wood of a municipality is > = 75%;  

 = 25% of the population consuming exclusively wood; When the percentage of the population 

that consumes wood in one municipality is <75%. 

C (Wood consumption) = ((kg/day)*Average people by house by municipality) 

FE = Emission factor for the pollutant i 

 Total Emission: ∑ Ei Mg 

 

3.  Information for calculating emissions Reference 

Activity rate 

(baseline) 

Activity for 2010: 

 Vo: Total houses that consume wood: 
3,968,648 

a
 

 Ue:  Exclusive users: 3,032,025 
b
 

 Um: Mixed users: 936,623 
b
 

 C = Total consumption of Wood: 3 kg/person 
day)

c
 

Results:  

 Total Wood consumption: 15,911,957 Mg of 
wood 

 Emissions of black carbon=  6,216 Mg BC 

 Emissions of CH4= 77,650 Mg CH4 

 Note: It is necessary to note that the average 

 
a
 Estimates based on INEGI, 2010 and 

CONAPO 2010  

 
b
 Percentages obtained from GIRA, 

2012 

 
c 
GIRA, 2012 for consumption, and 

CONAPO 2010 for persons per house 

average data.  
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number of people per household per 
municipality gives the consumption of 
firewood per household, so the multiplication 
of these results will not equal the sum of the 
results by municipality. 

Emission 

factor for the 

open fire 

wood cook 

stoves 

(g/kg) 

 BC=      0.39       g/Kg wood 
 a

 

 CH4=    4. 88      g/Kg wood 
 a 

 

 NOx =  1.42       g/Kg wood 
 b

 

 PM2.5= 6.73       g/Kg wood 
 c
 

 NH3 =   0.44       g/Kg wood 
 c
 

 SO2=    0.2          g/Kg wood 
 d

 

 CO2=   1,620       g/Kg wood 
 a

 

 CO=    70            g/Kg wood 
 a

 

 OC=      3.2         g/Kg wood 
 a

 

 NMVOC=  3.2    gC/Kg wood 
e
 

a
 Average of data reported from  T.J. 

Christian R.J. Yokelson et. al. 2010  and  

Johnson M., Edwards R et. al.  2008   
b
  S. K. Akagi, R. J. Yokelson,2011 

c
 T.J. Christian R.J. Yokelson et. al. 2010  

d
 EPA, 1996  

e
 Johnson M., Edwards R et. al.  2008   

 

 

4.  Considerations and Assumptions 

 A growth rate of 1.7% per year for total home by municipality was considered 

 The proportion of the percentage of the population living in municipalities with less than 5000 habitants is 

kept constant throughout the analysis period. However, there is a reduction rate of the population in these 

localities observed in the period 2005 - 2010, to 0.14% per year (INEGI, 2010), which is considered for the 

projection of 2010-2030. 

 The consumption of wood is considered at the municipal level and, an average per capita consumption of 3 

kg / day constant in the period 2010-2030 is assumed. For this consumption, the average number of 

habitants per house for each municipality reported by CONAPO, [2010] was considered. 

 User types were considered (unique users and users mixed) from GIRA 2012, for the period 2010-2030, using 

as a source INEGI 1990 and INEGI 2000. Assuming that a mixed user consumes 50% less wood than a unique 

user. 

 Only for the year 2010, the baseline includes efficient stoves that were given by SEDESOL and SAGARPA to 

some municipalities. 

5.  Emissions calculations 

   

[(                 
   

   
           ))  (               ((

   

   
               )))          )]

         
   

          

BC emissions from wood combustion in Alpatlahuac, Veracruz: 

6.  Areas of opportunity  

 Update the wood consumption data with information available from INEGI for 2010. 

 Adjust the per capita consumption of wood, according to the coverage of the macro-ecological regions. 

 Include the wood consumption in urban areas within the wood consumption calculation instead of adjusting 

for rural populations of less than 5000 inhabitants. 

 Consider the possible permanence of social programs in the future within the baseline. 

 Include the participation of institutions such as SEDESOL, SEMARNAT, SENER, SEP, SALUD and industry, in 

the design of any mitigation measures in this sector. 
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7.  Method for estimating mitigation measures 

Mitigation 

measure 1: 

This scenario will give priority to those municipalities that have poverty indexes "very high" and 

"high" according to CONAPO marginality index of 2010. With this scenario the action will focus in 

the implementation of efficient cook stoves to about 826 municipalities, representing about 2.3 

million households that consume about 9 million tons of wood per year. The adoption of improved 

cook stoves will be done gradually at a rate of 5% per year to cover 100% of the houses with the 

largest marginality index in 2030. 

Information for the calculation of the mitigation measure Reference 

Activity rate 

It is assumed that an improve cook stove, 

efficiently implemented, will replace a 

traditional cook stove and uses 50% less wood. 

 
a
 GIRA, 2012  

Emission 

factor for 

improves 

cook stove 

(wood) 

(g/kg) 

 

For the improved cook stove the emission 

factors considered are: 

 BC =      0.1           g/Kg wood 
 e

 

 CH4 =    1.35         g/Kg wood 
 a

 

 NOx =  1.1            g/Kg wood 
 c
 

 PM2.5 = 3.5           g/Kg wood 
 c
 

 NH3 =   0.03          g/Kg wood 
 b

 

 SO2 =    0.2          g/Kg wood 
 b

 

 CO2 =   1694         g/Kg wood 
a
 

 CO =    27              g/Kg wood 
a
 

 OC =    0.8             g/Kg wood 
 e

 

 NMVOC =  0.3     g C/Kg wood
  e

 

For the traditional cook stoves the emission 

factors are the same as in the BAU scenario.  

 
a
 Average of data reported from  T.J. 

Christian R.J. Yokelson et. al. 2010  and  
Johnson M., Edwards R et. al.  2008   

 
b 

EPA,1996 

 
c
 Zhang,J.; Smith et. al. 2000  (Emission factor 

assuming a PM2.5/PM of 0.8 as reported 
from Reddy, M.S. and Venkattaran, C. (2002). 

 
d
 T.J. Christian R.J. Yokelson et. al. 2010  

 
e
 Johnson M., et. al. 2008   

 

 

NOTE: emission factor for NMVOC is considered in 

grams of carbon per kg de wood 

Important considerations: 

 A 50% less Wood usage by efficient cook stove in contrast to a traditional open fire is considered..  

 Alternative mitigation measures have to be evaluated like the use of natural gas or biogas  

 Evaluation of failed previous policies in this sector for decision-making process is required. 
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Mitigation 

measure 2: 

Scenario with the highest mitigation potential: This scenario assumes an adoption of efficient 

wood-burning stoves for all homes using firewood in the analysis. The adoption will be done 

gradually, at a rate of 5% annually to cover 100% of households using firewood in 2030. 

 

Information for the calculation of the mitigation measure Reference 

Activity rate 

The analysis assumed that an improved 

cook stove efficiently implemented, will 

replace an open fire cook stove and uses 

50%
 a

 less wood. 

a
 GIRA, 2012 

Emissions factors: The same as mitigation scenario 1.  
 

  

Important considerations: 

 This assumes that an improve cook stove consumes 50% less wood than an open fire cook stove. 

 It is necessary to evaluate alternative mitigation measures such as: natural gas or biogas cook stoves. 

 For the decision making assessment there is a lack evaluation of existing policies that have failed in this sector 

along with these proposed mitigation measures. 
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7. Transport (On-Road) 

SECTOR: TRANSPORT 

1. General Information 

Category: On-road mobile sources  

Description: Exhaust emissions from light and heavy-duty vehicles using diesel or gasoline as fuel. 

2. Baseline estimation method 

Method: Emission factors 

Baseline year 2010 

Pollutants: PM10, PM2.5, SO2, CO, NOx, VOC, HCT, NH3, N2O, CH4 y BC 

Method for estimation: Ey = ∑(Vji*PSji*Kmji*FEykji)/1,000,000 

Where: 

Ey= Emissions from pollutant y, (Mg/year) 

Vji= Quantity of vehicles for the category j and model –year i 

PSji= survival probability for category j and model year i 

Kmji= kilometers for category j and model-year i,(km/year) 

FEykji= Emission factor for pollutant  y by fuel k, for category j  and year-model i,(gr/km) 

y = Type of pollutant 

i = Model year 

j = Vehicle category 

k = Fuel 

 

Vji= Viit* (1+Ck) 

Where: 

Vjit= Quantity if vehicles for the category j and model-year i for the last year estimated (t-1) 

Ck = Growth rate for the k group 

k = Group of vehicles: light or heavy 

3. Information for calculating emissions Reference 

Activity rate  Vehicle fleet categorized by vehicle type and age= 

26,602,718 units
(a)

 

 Elasticity of income per capita for sales of light 

vehicles (0.859)
 (b)

 

 Elasticity of total revenue for sales of heavy freight 

vehicles (1.3695)
 (c)

. 

 Elasticity of per capita income for sales of heavy 

passenger vehicles (1.3695)
 (d)

. 

 Kilometers based on vehicle category and age
(e)

 

 Survival probabilities by category 
(f)

 

SEMARNAT, 2013
(a)

 

AtKearney, 2012
(b)

 

INECC, 2013
(c)

 

INECC, 2013a
(d)

 

INECC, 2013b
(e)

 

IMP, 2011
(f)

 

Emission Factor  Appendix  below SEMARNAT, 2013 
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4. Considerations and assumptions 

 The classification of vehicles is divided into the following two groups: 

o Light (diesel and gasoline): passenger cars and light trucks 

o Duty (diesel and gasoline): medium vehicles, heavy, extra heavy, tractor-trailers, buses, 

suburban and foreigners. 

 Emission factors were obtained from MOBILE6 México (SEMARNAT, 2013) and their average according 

to their age group, vehicle type (heavy or light) and fuel type (gasoline or diesel) for each pollutant. 

 The model MOBILE6_México does not generate emission factors for black carbon; the estimation of this 

pollutant was derived from a fraction of PM2.5 emissions. (INE, 2011) 

 The maximum age of vehicles is 35 years for light vehicles and 49 years for heavy freight vehicles and 

27passenger bus. 

 The growth rate of sales for light vehicles is 2% per year, which depends on the estimated per capita 

GDP for the period (2.36% per year) and reported income elasticity (0.859). 

 The growth rate in sales of heavy freight vehicles is 4.4% annually, which depends on the GDP for the 

period (3.2% annually) and reported income elasticity (1.3695). Estimates made for this work with data 

from heavy vehicle sales 1990-2010. 

 The growth rate in sales of heavy passenger vehicles is 3.23% per year, which depends on the GDP per 

capita for the period (2.36% per year) and reported income elasticity (1.3695). Estimates made for this 

work with data from heavy vehicle sales 1990-2010. 

 The analysis considers that there are no vehicles using Ultra Low Sulfur Diesel (ULS), sinceis not available 

in contrywide. 

5. Calculation example 

Emission of NOx for 2010 light passenger vehicles (gasoline): 

Emissions NOx (Mg/year) = [(639,777 vehicles 2010)*(17,168 km)*(0.993 survival probability)*(1.07 

gNOx/km)]/1,000,000 + [(627,065 vehicles 2009)*(16,695 km)*(0.991 survival probability)*(1.07 

g  x/k )]/1 000 000 + …. + [(…   h      1981)*(… k )*(…             b b   ty)*(…  NOx/km)]1,000,000 = 

304,758.49 Mg de NOx in 2010. 

6. Areas of opportunity 

 The modeling of emission factors for particulate matter (PM10 and PM2.5) with MOBILE6 México does not 

consider vehicle age changes , thus the same emission factor is applied regardless of their age. Therefore, it 

is considered desirable to explore the possibility to get emissions factors for other models, such as MOVES, 

that consider the age of the vehicle in modeling particulate emission factors. 

 It is necessary to compare and analyze in detail the size and composition of the vehicle fleet, because there 

are important differences between the different sources of information.  

7. Estimation method of mitigation measures 

Mitigation measure 1: Introduction of ULS and better vehicles technologies from 2016. 

Information for the mitigation scenario Reference 

Activity rate The vehicle fleet does not change and keep 

constant as BAU.  

Same as Baseline 
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Emission factor: The emission factor change. Appendix B INECC, 2013 

Important assumptions: 

 The adjustments in the emission factor are explained by: 

o Fuel quality: a change from 300 to 30 ppm of sulfur content in gasoline and 500 to 15 ppm from diesel 

were considered. The variations were modeled with the MOBILE6 México model.  

o Vehicle Technology: A substitution from the technologies included in the standard B of the NOM-042 for 

light vehicles (SEMARNAT, 2005) and EPA-2004 for heavy vehicles (SEMARNAT, 2006), for the new 

technologies Tier II Bin 3 for light vehicles and EPA-2010 for heavy vehicles. A percentage change in the 

emission factors for particles (PM10 y PM2.5), SO2 and NOx were considered. 

 The impact on prices in sales of new vehicles due to new technologies was not considered. 

Important Considerations 

 Because of the reduction of the survival probability, the average age of heavy-duty freight vehicle decrease 

in 2030, from 15.7 years in 2008 to 11.35 years in 2030.  

 The rate of growth of sales of new vehicles or a modification to the initial income elasticity was not 

considered. 
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Emission factors weighted by model, vehicle type, fuel and pollutant for base line (SEMARNAT, 2008). 

Gasoline Light 

Year Model PM10 PM25 SO2 CO NOX VOC NH3 N2O CH4 CO2 HCT 

1981-1990 0.02 0.01 0.13 149.00 2.49 13.00 0.16 0.01 0.12 318.10 13.40 

1991-1999 0.02 0.01 0.12 28.00 3.02 3.44 0.15 0.04 0.06 322.20 3.77 

2000-2003 0.02 0.01 0.12 18.10 2.19 1.53 0.17 0.03 0.02 324.90 1.77 

2004-2006 0.02 0.01 0.11 9.52 1.38 0.82 0.15 0.03 0.02 319.70 0.95 

2007- 

onwards 
0.02 0.01 0.11 5.01 1.07 0.57 0.13 0.04 0.02 314.00 0.64 

Diesel Light 

Year Model PM10 PM25 SO2 CO NOX VOC NH3 N2O CH4 CO2 HCT 

1981-1990 0.15 0.13 0.36 6.93 4.17 2.87 0.01 0.00 0.00 382.10 3.01 

1991-1999 0.15 0.13 0.34 3.95 3.04 1.85 0.01 0.00 0.00 379.20 1.87 

2000-2003 0.14 0.12 0.32 3.39 2.38 1.28 0.01 0.00 0.00 371.20 1.31 

2004-2006 0.14 0.13 0.28 2.92 2.09 0.92 0.01 0.00 0.00 350.40 0.95 

2007-

onwards 
0.15 0.13 0.24 2.39 1.99 0.69 0.01 0.00 0.00 323.20 0.72 

Heavy Gasoline 

Year Model PM10 PM25 SO2 CO NOX VOC NH3 N2O CH4 CO2 HCT 

1972-1992 0.09 0.06 0.40 542.70 16.10 32.10 0.09 0.03 0.30 989.20 34.50 

1993-1996 0.09 0.06 0.41 112.30 11.30 9.03 0.09 0.14 0.18 997.60 9.76 

1997-2008 0.08 0.06 0.43 75.00 8.89 4.48 0.09 0.12 0.06 979.20 4.85 

2009 

onwards 
0.08 0.06 0.43 75.00 8.89 4.48 0.09 0.12 0.06 979.20 4.85 

Heavy Diesel 

Year Model PM10 PM25 SO2 CO NOX VOC NH3 N2O CH4 CO2 HCT 

1972-1992 0.45 0.40 0.62 40.00 26.20 5.96 0.04 0.03 0.00 978.50 6.07 

1993-1996 0.33 0.29 0.73 17.40 21.80 2.66 0.04 0.03 0.00 1,005.90 2.70 

1997-2008 0.30 0.26 0.78 16.40 19.40 2.41 0.04 0.03 0.00 982.00 2.45 

2009 

onwards 
0.30 0.26 0.78 16.40 19.40 2.41 0.04 0.03 0.00 982.00 2.45 
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Scenario 1 Emissions Factors 1: technology introducing ULS Diesel 

Light Gasoline 

Year PM10 PM25 SO2 CO NOX VOC NH3 N2O CH4 CO2 HCT 

1981-1990 0.0153 0.0087 0.0667 149.0 2.49 13.000 0.1600 0.0133 0.1210 318.1 13.400 

1991-1999 0.0143 0.0078 0.0609 28.0 3.02 3.440 0.1500 0.0418 0.0626 322.2 3.770 

2000-2003 0.0144 0.0078 0.0641 18.1 2.19 1.530 0.1670 0.0342 0.0201 324.9 1.770 

2004-2006 0.0139 0.0075 0.0593 9.52 1.38 0.823 0.1530 0.0349 0.0204 319.7 0.945 

2007-2008 0.0136 0.0073 0.0593 5.01 1.07 0.573 0.1340 0.0352 0.0204 314.0 0.638 

2009-2015 0.0136 0.0073 0.0593 5.01 1.07 0.573 0.1340 0.0352 0.0204 314.0 0.638 

2016-2030 0.0073 0.0039 0.0593 3.63 0.5562 0.573 0.1340 0.0352 0.0204 314.0 0.638 

Light Diesel 

Year PM10 PM25 SO2 CO NOX VOC NH3 N2O CH4 CO2 HCT 

1981-1990 0.1061 0.0926 0.1887 6.93 4.17 2.870 0.0132 0.0011 0.0007 382.1 3.010 

1991-1999 0.1047 0.0912 0.1766 3.95 3.04 1.850 0.0131 0.0009 0.0006 379.2 1.870 

2000-2003 0.1004 0.0876 0.1682 3.39 2.38 1.280 0.0127 0.0009 0.0006 371.2 1.310 

2004-2006 0.1026 0.0898 0.1477 2.92 2.09 0.916 0.0127 0.0009 0.0005 350.4 0.949 

2007-2008 0.1054 0.0919 0.1282 2.39 1.99 0.693 0.0126 0.0008 0.0005 323.2 0.715 

2009-2015 0.1054 0.0919 0.1282 2.39 1.99 0.693 0.0126 0.0008 0.0005 323.2 0.715 

2016-2030 0.0561 0.0489 0.1282 1.73 1.0345 0.693 0.0126 0.0008 0.0005 323.2 0.715 

Heavy Gasoline 

Year PM10 PM25 SO2 CO NOX VOC NH3 N2O CH4 CO2 HCT 

1972-1992 0.0628 0.0445 0.2116 542.70 16.10 32.100 0.0907 0.0326 0.2990 989.2 34.500 

1993-1996 0.0625 0.0444 0.2174 112.30 11.30 9.030 0.0916 0.1430 0.1760 997.6 9.760 

1997-2008 0.0613 0.0436 0.2237 75.00 8.89 4.480 0.0897 0.1190 0.0633 979.2 4.850 

2009- 2015 0.0613 0.0436 0.2237 75.00 8.89 4.480 0.0897 0.1190 0.0633 979.2 4.850 

2016- 2030 0.0322 0.0229 0.2237 75.00 4.6808 4.480 0.0897 0.1190 0.0633 979.2 4.850 

Heavy Diesel 

Year PM10 PM25 SO2 CO NOX VOC NH3 N2O CH4 CO2 HCT 

1972-1992 0.3177 0.2842 0.3237 40.00 26.20 5.960 0.0380 0.0315 0.0034 978.5 6.070 

1993-1996 0.2315 0.2052 0.3858 17.40 21.80 2.660 0.0419 0.0313 0.0033 1005.9 2.700 

1997-2008 0.2109 0.1852 0.4099 16.40 19.40 2.410 0.0408 0.0311 0.0033 982.0 2.450 

2009- 2015 0.2109 0.1852 0.4099 16.40 19.40 2.410 0.0408 0.0311 0.0033 982.0 2.450 

2016- 2030 0.1108 0.0973 0.4099 16.40 10.2145 2.410 0.0408 0.0311 0.0033 982.0 2.450 
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8. Power generation 

SECTOR: POWER GENERATION 

1. General Information 

Category: Electricity  

Description: Methane and Black Carbon emissions from fossil fuel combustion 

2. Baseline estimation method  

Method: Emissions factors 

Base year estimation: 2010 

Pollutants: Methane (CH4) and Black Carbon (BC) 

Calculations: Emissions 

Ei = ∑(FEi x A) 

Where: 

Ei = BC annual emissions (Mg/year) 

Activity = Annual production (TJ/year) 

EFi = Emissions Factor per pollutant  (Mg /TJ ) 

3. Information for calculating emissions Reference 

Activity rate Electricity Generation in 2010 

Total (Public and Private)      TJ/year 

Fuel oil      392,798.2 

Petroleum Based Coke  39,568.6 

Charcoal      290,820 

Diesel       18,165 

Natural gas                      1,153,374 

SENER,2012a 

Emissions Factor Fuel oil    

CO2 =     77.4  Mg/TJ
 a

 

CH4 =      3 kg/TJ
 a

 

BC =       0.04 kg/TJ
 b

 

Petroleum coke 

CO2 =     97.5  Mg/TJ
 a

 

CH4 =         1 kg/TJ
 a

 

BC =       0.009 kg/TJ
 b

 

Coal 

CO2 =     98.3  Mg/TJ
 a

 

CH4 =         1 kg/TJ
 a

 

BC =       0.009 kg/TJ
 b

 

Diesel 

CO2 =     74.1  Mg/TJ
 a

 

CH4 =         3 kg/TJ
 a

 

a
 IPCC, 2006 

b
 Bond et al. 2004 (EFBC) 
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BC =       0.25 kg/TJ
 b

 

Natural  Gas 

CO2 =     56.5  Mg/TJ
 a

 

CH4 =     1 kg/TJ
 a

 

BC  =       0.0 kg/TJ
 b

 

4. Assumptions and considerations 

 For the base line projection, the data was taken directly from SENER Natural Gas prospective for 2012 to 

2026. 

 Because SENER reports projections through 2026, projections were made for the period 2027 to 2030 by an 

annual compound rate for each fuel according to trend in the period 2016-2026. 

 For conversion activity is considered 388TJ / million cubic feet. 

 An emission factor for each fuel was considered equally, regardless of the technology. 

 Public electricity power sector: Refers to the penetration of natural gas as fuel in the electricity power 

sector public. 

 Private electricity power sector: Refers to the penetration of natural gas as fuel in the electricity power 

sector private 

5. Calculation example 

Emissions of Black Carbon from fuel oil: 

BC =  0.04 kg/TJ ( 392,798 Mg/TJ)  =   15,711.9 kg 

6. Areas of opportunity  

 The emission factors can be identified for each type of combustion equipment. 

 Obtain black carbon emission factors specific to Mexico  

7. Estimation of mitigation measures 

Mitigation measure 1: 

The control scenario Federal Electricity Commission (CFE) reduces the capacity in 

10,698 MW from combined cycle systems, and added 28,411MW wind and a backup 

of 7,857 MW  by turbo gas systems. 

Scenario Information for calculation Reference  

Activity rate: Activity is same as base line SENER, 2012 b 

Emission Factor: Same as the base case  

Important considerations: 

 The considered reductions come from SENER electricity sector prospective. 

 The mitigation scenario takes into account the CO2 total emissions from base line and a reduction of 13.6 Tg 

of CO2 from SENER is applied. 

 The mitigation scenario corresponds to the reported in SENER electricity power sector prospective. 

 There was no change in emission factors due to technological improvements. 

 A GWP = 21 for methane is considered. 

 From the baseline emissions and considering the reductions in CO2 emissions the estimates for 2026 would 

be 185,642 Gg. 
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 A linear reduction is considered. 

 The emission mitigation strategy considers that in 2012 there is a reduction of 0 and for 2026 of 6.8%. The 

same trend is used to 2030. 

Mitigation measures 2: 
The hybrid scenario, reduces the capacity of 10,698 MW combined cycle, and are 

replaced by 2,800 MW from nuclear power plants, 20,900 MW from electric Eolic, 

and a backup of 5,792 MW from turbo gas. 

Scenario calculation information: Reference 

Activity rate: Same as baseline SENER, 2012 
b
 

Emissions Factors: Same as baseline  

Important Consideration: 

 The mitigation scenario takes into account the CO2 total emissions from base line and a reduction of 14.3 

Tg of CO2 from SENER is applied. 

 The mitigation scenario corresponds to the reported in SENER power sector prospective. 

 There was no change in emission factors due to technological improvements. 

 From the baseline emissions and considering the reductions in CO2 emissions the estimates for 2026 

would be 184,942Gg. 

 The internal consumption is not considered. 

 It is considered a linear emission reduction in the period 2010-2030. 

 The emission reduction considers that in 2012 there is a reduction of 0 and to 8.22 % in 2026. This would 

also be the 2030. 

 A reduction of a 9.3% in 2026 is obtained compared to the baseline scenario 

References: 

IPCC 2006 IPCC Guidelines for National Greenhouse Gas Inventories Volume 2. Chapter 2: Stationary Combustion 
http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_2_Ch2_Stationary_Combustion.pdf .  

Bond T.C., David G. Streets, Kirsten F. Yarber, Silbyl M. Nelson, Jung-Hum Woo and Zbigniew Klimont . 2004 “  
Technology-b        b        t  y    b   k                b                     b  t   ” J.    . Resc. 
109, D14203. 

SENER,2012 a. Prospectiva de Gas Natural 2012-2026. : 
http://www.sener.gob.mx/res/PE_y_DT/pub/2012/PGN_2012_2026.pdf 

SENER, 2012. b Prospectivas del Sector eléctrico 2012-2026.  
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9. Energy Demand from Industry and Services 

SECTOR: INDUSTRY AND SERVICES 

1. General Information 

Category:  Industry and Services 

Description: Emissions of methane and black carbon from the burning of fossil fuels in the industry and 

service sectors. 

Industry includes: Steel, chemical industry, pulp and paper, food, beverage and tobacco, 

cement, construction, mining and other industries. 

Services includes: Residential and Commercial. 

2. Baseline estimation method 

Method: Emission factors  

Baseline year 2010 

Pollutants: Methane and black carbon 

Method for 

estimation: 

Emissions by pollutant: 

Ei = ∑(FEi x A) 

Where: 

Ei = Annual emissions of pollutant i by fuel type (Mg/yr) 

A = Energy consumption by fuel type (TJ/yr) 

FE = Emission factor (Mg/TJ) 

3. Information for the estimation of emissions Reference 

Activity rate Energy consumption in fuel sector in 2010  

Total (Manufacture and construction) 

Coke                         29.635 PJ/year 

Coke of coal            80.581 PJ/year  

LPG                          44.888 PJ/year 

Diesel                      50.796 PJ/year 

Fuel oil                    55.989 PJ/year 

Natural Gas          486.972 PJ/year 

Bagasse                   37.649PJ/year 

 

Steel 

Coke of coal             24.111 PJ/year 

Petroleum coke         1.758 PJ/year  

LPG                              0.006 PJ/year 

Diesel                          0.806PJ/year 

Fuel oil                        5.616 PJ/year 

Natural Gas              58.286 PJ/year 

 

 SENER, 2013.   
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Chemical 

Petroleum coke         1.517 PJ/year  

LPG                               0.707 PJ/year 

Diesel                           4.670 PJ/year 

Fuel oil                         5.816 PJ/year 

Natural Gas             128.490 PJ/year 

 

Pulp and paper 

LPG                                 0.448 PJ/year 

Diesel                             1.232 PJ/year 

Fuel oil                           7.942 PJ/year 

Natural Gas                 15.512 PJ/year 

 

Food, beverage and tobacco 

LPG                                 1.627 PJ/year 

Diesel                              2.840 PJ/year 

Fuel oil                          14.173 PJ/year 

Natural Gas                   9.335 PJ/year 

Bagasse                        31.548 PJ/year 

 

Cement 

Coke of coal                     5.524 PJ/year 

Petroleum coke             75.936 PJ/year  

Diesel                                0.224 PJ/year 

Fuel oil                              2.681 PJ/year 

Natural Gas                       9.092 PJ/year 

 

Construction, mining and coke 

Petroleum coke              1.370 PJ/year  

LPG                                 42.100 PJ/year 

Diesel                             41.026 PJ/year 

Fuel oil                           19.762 PJ/year 

Natural Gas                   266.257 PJ/year 

Bagasse                            6.101 PJ/year 

Emission factor Industry (not cement)
a
 

Coal/Coke                         0.7 kg CH4/TJ 

Petroleum coke                    3 kg CH4/TJ 

LPG                                     2 kg CH4/TJ  

Diesel                                  2 kg CH4/TJ 

Fuel oil                                2 kg CH4/TJ 

Natural Gas                     1.4 kg CH4/TJ 

Bagasse                            30 kg CH4/TJ 

Industry (cement)
b
 

Carbon/ Coke                      1        kg CH4/TJ 

Petroleum coke                   1       kg CH4/TJ 

a
 Reference manual, vol. III, 

IPCC, 1996. Table 1-7, p. 

1.35; Table 1-8, p. 1.36; 

Table 1-11, p. 1.42; Table 1-

16, p. 1.54. 

b
 Reference manual, vol. III, 

IPCC, 1996. Table 1-8, p. 

1.36; Table 1-11, p. 1.42; 

Table 1-17, p. 1.55. 
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LPG                                       1           kg CH4/TJ 

Diesel                                   1           kg CH4/TJ 

Fuel oil                                 1           kg CH4/TJ 

Natural Gas                        1.1         kg CH4/TJ 

  
Industry 

Carbon/ Coke of carbon    0.18       kg BC/TJ 

Petroleum coke                   0.51       kg BC/TJ 

LPG                                         0            kg BC /TJ 

Diesel                                   90.7         kg BC /TJ 

Fuel oil                                   0.99       kg BC /TJ 

Natural Gas                           0.0025  kg BC /TJ 

Bagasse                                  8.16       kg BC/TJ 

 

Residential 

LPG                                             10     kg CH4/TJ  

kerosene                                    10     kg CH4/TJ 

Natural Gas                                 5      kg CH4/TJ 

LPG                                                0     kg BC/TJ  

Kerosene                                   20.5  kg BC/TJ 

Natural Gas                                 0     kg BC/TJ 

 

Commercial 

LPG                                             10     kg CH4/TJ  

kerosene                                     0.7   kg CH4/TJ 

Diesel                                           0.7   kg CH4/TJ 

Fuel oil                                        1.4    kg CH4/TJ 

Natural Gas                                1.2    kg CH4/TJ 

LPG                                                 0    kg BC/TJ  

kerosene                                  20.5    kg BC/TJ 

Diesel                                       90.7     kg BC/TJ 

Fuel oil                                       0.99   kg BC/TJ 

Natural Gas                                  0     kg BC/TJ 

c
 Bond et al. 2004 (EFBC) 

 

4. Considerations and Assumptions 

 For the projection of the baseline, the data were taken from the Energy Information System (SENER) for 

the years 2012-2026. 

 Because SENER reports their projections until 2026, additional projections were made for the period 

2027 to 2030 using an average annual growth rate for each fuel according to their trend in the period 

2016-2026. 

 For the fuels with no projection developed by SENER (coking coal and biomass) an annual average 

growth rate from the last 10 years of data was used. There is projected growth in the case of kerosene. 

 The same emission factor is considered for each fuel, regardless of the technology. 

 Black carbon emissions from agricultural fuel consumption is not calculated in this pilot phase 

 Black carbon EFr commercial sector was not available; EFs for comercial sector shown above was taken 

from industry and residential sectors. 
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 Black carbon EF forLPG gas was set to zero in this pilot phase, same as industry and power sectors. 

5. Calculation example 

CH4 emissions in the steel industry: 

Coke of coal:             (24.111 PJ/year) * (0.7 kg/TJ) / 1,000 = 0.017 Gg CH4 

Petroleum coke  :    (1.758 PJ/year) *  (3 kg/TJ) / 1,000 = 0.005 Gg CH4 

LPG:                           (0.006 PJ/year) * (2 kg/TJ) / 1,000 = 0.000 Gg CH4 

Diesel:                       (0.806 PJ/year) * (2 kg/TJ)/ 1,000 = 0.002 Gg CH4 

Fuel oil:                     (5.616 PJ/year) * (2 kg/TJ) / 1,000 = 0.011 Gg CH4 

Natural Gas:             (58.286 PJ/year) * (1.4 kg/TJ) / 1,000 = 0.082 Gg CH4 

CH4 emissions in the cement industry: 

 

Coke of coal:            (5.524 PJ/year) * (1 kg/TJ) /1,000 = 0.006 Gg CH4 

Petroleum coke  :    (75.936 PJ/year) * (1 kg/TJ) / 1,000 = 0.076 Gg CH4 

Diesel:                       (0.224 PJ/year) * (1 kg/TJ) / 1,000 = 0.000 Gg CH4 

Fuel oil:                     (2.681 PJ/year) * (1 kg/TJ) / 1,000 = 0.003 Gg CH4 

Natural Gas:             (9.092 PJ/year) * (1.1 kg/TJ) / 1,000 = 0.010 Gg CH4 

      

6. Areas of opportunity 

 Generate disaggregated information for each industry type and technology. 

 Emission factors can be identified for each type of combustion technology. 

 Obtain emission factors for black carbon specific to Mexico. 

7. Estimation method of mitigation measures 

Mitigation measure: Not considered in this phase. 

References: 

Bond T.C., David G. Streets, Kirsten F. Yarber, Silbyl M. Nelsoon, Jung-Hum Woo and Zbigniew Klimont . 2004 
“  T  h     y-b        b        t  y    b   k                b                     b  t   ” J.    . 
Res. 109, D14203.  
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SENER, 2013. Sistema de información energética. http://sie.energia.gob.mx/bdiController.do?action=temas a. 
Prospectiva de Gas Natural 2012-2026. 
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