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Foreword

When we delivered the Paris Agreement we told the world that we would keep global 
temperatures from rising above 2ºC. But we also told the world that we would aim at keeping 
warming under 1.5ºC, for a very specific reason. 2 degrees would only protect part of the 
planet from extreme climate events. Small island states would still disappear. Glaciers would 
melt, and many of these glaciers provide water for many places in Latin America, specifically 
the Andean glaciers which have already receded substantially.

The expanded ambition to reach a lower temperature target provides more opportunities to 
justify climate action. First off, research has shown that successful and cost effective action 
to reduce short-lived climate pollutants can reduce warming by 0.6ºC. The SLCP agenda 
also brings air pollution to the forefront of climate mitigation. We can seize on opportunities 
that are overlooked by a top down mitigation agenda that pushed by countries that don’t 
face the challenges developing countries have on clean air.  This agenda allows us to look 
for climate solutions that don’t come at a cost of clean air. In this regard diesel vehicles 
were supported for many years without looking at their increasing black carbon emissions. 
Wood and biomass burning were thought to be climate neutral, but it led to huge indoor air 
quality and local air pollution problems. We need policies that allows us to clean the air and 
provide a safe climate at the same time.  We don’t have time for climate policies that hurt 
our air quality. 

The short-lived climate pollutant agenda puts a human face on climate mitigation. It’s about 
health. It’s about development. It’s about addressing issues that are overlooked when you 
view that climate mitigation is only about solar panels and electric vehicles.  It is deeply 
rooted in the Sustainable Development Goals. It’s about gender inequality of women exposed 
to indoor air pollution. It’s about the right for clean and affordable energy. It’s about protecting 
terrestrial ecosystems from deforestation. It’s about addressing waste management. It’s about 
implementing refrigeration solutions that don’t destroy the ozone layer, nor cause climate 
change.  It´s the type of climate policy all developing countries should adopt. 

So this report comes at a great moment. It provides a roadmap of actions countries 
can adopt to take the most direct path to 1.5ºC. It comes at a moment when the 
Intergovernmental Panel on Climate Change is looking on how to recognize short lived 
climate pollutant mitigation. At a time when the OECD is integrating their work on air 
pollution and climate externalities. 

The short-lived climate pollutant agenda provides a clear path to protect human health, 
and bring prosperity to the planet. From the perspective of Latin America, where climate 
vulnerability is much higher than other regions, in this case we’ve shown true leadership. 
We should be proud because we are facing climate change the Latin American way.  

Marcelo Mena Carrasco

Minister of the Environment
Government of Chile
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Preface

The effective application of knowledge to face the great environmental problems of this 
century requires a proper association between science, technology, economy, public 
policies and social interest.

The Technical Report that is presented here, represents a good example regarding the 
research approaches that can trigger that kind of association. The study focuses on 
regional actions that can make a difference on several fronts, all at once: public health, 
food and energy security, ecosystems protection and climate.

Among the major commitments made by 195 countries of the world under the Paris 
Agreement, are to make the necessary efforts to keep the global temperature increase of 
the planet well below 2º C, with respect to pre-industrial levels, as well as to strengthen our 
adaptation capacities to face the impacts of climate change that cannot be avoided. 

The magnitude of the challenge must be tackled with strategies at different levels, 
establishing synergies between sectorial actions, local, regional and global strategies, as 
well as time horizons to strengthen and accelerate the medium- and long-term goals of 
mitigation and adaptation.

Changes in long-term climate paths are to a large extent determined by human intervention 
at different scales: changes in the atmospheric concentrations of radiative active 
substances affect global and regional climate. 

The reduction of short-lived climate pollutants (SLCP) is considered by a growing number 
of countries (grouped in the Climate and Clean Air Coalition) as a complementary measure 
to the Greenhouse Gases reduction and because it provides numerous social, economic 
and environmental co-benefits.

This Technical Report reviews examples of initiatives and measures that have successfully 
reduced emissions of SLCP: black carbon, methane and some hydrofluorocarbons in 
the Latin America and the Caribbean region. The examples include technical and non-
technical measures covering a range of key sectors, including transport; coal mining and 
oil and gas production; municipal solid waste and wastewater treatment; livestock rearing 
and open burning; residential heating and cooking; and small industrial sources. 

The authors address the feasibility and opportunities of implementing the identified 
measures and policies that could be replicated or scaled up to achieve air quality 
improvement and near-term climate protection in different countries. 

Technically, this document presents very valuable information on emission factors of 
short-lived climatic pollutants, which were obtained experimentally and for the first time 
in countries of our region, allowing comparison with factors obtained in other latitudes. 
Undoubtedly, these results will help to improve emissions inventories and thus to have 
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better estimates of the results and benefits that can be achieved with the implementation of 
mitigation measures for short-lived climate pollutants. 

Effectiveness of the actions largely depends on several factors, including consideration of 
local conditions, existence of robust policies and programs, availability of technology, and 
effective access to financial support and incentives.  

The report emphasizes: possible institutional arrangements including coordinated 
policies, laws and regulations, as well as strategic investment planning; the urgent need 
to generate information at all levels to fully understand the processes and options to 
mitigate SLCPs in Latin America and the Caribbean; generation of financial resources 
and economic incentives for improving, developing and introduction of proper technology 
and infrastructure as a priority for the region and the international community, taking into 
account that the regional scale would present additional benefits for investing.

Many challenges arise from this report towards facilitating widespread implementation 
of existing technologies and practices nationally and regionally for reduction of SLCP. 
Comprehensive and public information can help raise awareness and improve participation 
of stakeholders, creating stronger, effective networks and participatory processes as well 
as sectorial capacity building programs.

This Technical Report contributed with a substantial and solid stepping stone to the 
enormous challenge to reduce short-lived climate pollutants in Latin America and the 
Caribbean.

Amparo Martínez Arroyo

General Director
National Institute of Ecology and Climate Change

Mexico
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1Executive Summary

Executive Summary

1. Introduction

This technical report reviews examples of initiatives and measures that have successfully 
reduced emissions of black carbon (BC), methane (CH4) and some hydrofluorocarbons 
(HFCs) in Latin America and the Caribbean (LAC), the three short-lived climate pollutants 
(SLCPs) considered by the Climate and Clean Air Coalition (CCAC). The report addresses 
the feasibility of implementing the identified measures and policies in key sectors that 
could be replicated or scaled up to achieve air quality improvement and near-term climate 
protection. 

Short-lived climate pollutants are harmful air pollutants that also contribute significantly 
to climate change. The most important SLCPs with atmospheric lifetimes under a few 
decades are black carbon (~ days to weeks), methane (~ a decade), tropospheric ozone 
(O3) (~ weeks to months) and some hydrofluorocarbons (average 15 years). They remain 
in the atmosphere only a relatively short time, hence are referred to as short-lived climate 
forcers or short-lived climate pollutants. Due to their nature, these agents can be quickly 
controlled and reduced with existing technology [UNEP-WMO, 2011; UNEP, 2011a, 2011b]. 
It is important to emphasize that despite these near-term benefits, reducing warming in the 
longer term will also require action now to reduce current and future carbon dioxide (CO2) 
emissions.

Tropospheric ozone (smog) 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, a precursor of tropospheric 
ozone, is a potent, short-lived greenhouse gas that remains in the atmosphere for about 
10-12 years and has about 34 times the Global Warming Potential (GWP) of CO2 (100-
year horizon). Methane is included as one of the six greenhouse gases (GHGs) — CO2, 
CH4, nitrous oxide (N2O), HFCs, perfluorocarbons (PFCs), and sulfur hexafluoride (SF6) 
— controlled under the Kyoto Protocol. 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 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. BC warms the 
earth by directly absorbing sunlight in the atmosphere, reducing the reflectivity of snow 
and ice through deposition, and interacting with clouds. Hydrofluorocarbons (HFCs) are 
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2 Progress and opportunities of reducing short-lived climate pollutants across Latin America and the Caribbean 

synthetic chemicals 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. In 2016, 
the Parties to the Montreal Protocol agreed to the Kigali Amendment to phase down the 
production and consumption of HFCs.1 The mix of HFCs in current use has an average 
lifetime of about 15 years. 

The examples profiled in this report include technical measures that reduce BC, CH4, 
and HFCs and non-technical measures that cover the three SLCPs. The measures cover 
a range of sectors, including transport; energy – coal mining and oil and gas production; 
municipal solid waste and wastewater treatment; agriculture –livestock rearing and open 
burning; residential heating and cooking; and small industrial sources. These examples 
demonstrate the available technologies and practices that are currently in use in various 
locations in the region. The effectiveness of the examples depends on several factors, 
including consideration of local conditions, existence of robust policies and programs, 
availability of technology, and effective access to financial support and incentives. What 
remains a challenge is facilitating widespread implementation of existing technologies and 
practices nationally and regionally.  

Where data are readily available, a suite of key drivers and outcomes are described, such 
as the motivation for the initiative, emissions data, and analyses of air quality and health 
impacts. These are described in detail in the following chapters. The examples also include 
possible institutional arrangements and strategic investment opportunities, which could 
facilitate the implementation of such measures in different parts of Latin America and the 
Caribbean, as well as other parts of the world.

The analysis by specific sectors and examples from the LAC region suggest that, 
despite differences in each country and sector, there are common needs that should be 
considered as opportunities for improvements. Comprehensive and coordinated policies, 
laws and regulations are crucial if progress is to be made in all sectors. Unfortunately, some 
sectors and countries in the region still suffer from a lack of appropriate policies, laws and 
regulations, standard-setting, and even consideration of economic instruments that take 
social and environmental costs and benefits from the mitigation of SLCPs into account.  

There is also an urgent need to generate information at all levels to fully understand the 
processes and options to mitigate SLCPs in Latin America and the Caribbean. Complete 
and public information can help raise awareness and improve participation of stakeholders, 
creating stronger, effective networks and participatory processes. Reliable and complete 
information is needed to, among other things, consider local practices and make sure all 
stakeholders understand their benefits, and avoid delays or limited results. Understanding 
the site characteristics of CH4 emissions, such as those from wastewater treatment plants, 
is essential to having reliable data and certainty about inventories and mitigation. Detailed 
and local information can also provide previously unknown mitigation opportunities, 
such as those found by the substitution of native plants as fodder in experiments on the 

1.  http://ozone.unep.org/en/handbook-montreal-protocol-substances-deplete-ozone-layer/41453
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3Executive Summary

mitigation of CH4 emissions from enteric fermentation in ruminants in Argentina and Mexico. 
Furthermore, the adoption of no-till techniques in Argentina, Brazil, Paraguay and other 
Latin America and Caribbean countries has decreased the need for open agricultural 
burning, which affects human health as well as contributing to land degradation and 
climate change.

In addition, all sectors have identified the need to build capacity because of the necessity 
of scientific and technical expertise to monitor emissions, generate information and 
implement available technologies. Sectors such as livestock management, brick production 
and municipal solid waste management all mentioned a lack of capacity among the 
personnel involved, which is also related to the informal nature of the sectors. Strengthening 
networks and sharing lessons learned and good or bad practices are among the topics 
that the region could exploit to increase capacity.

Improving, developing, and introducing technology is another crucial opportunity identified 
across sectors. Significant advances in technology have already been demonstrated, as 
in the use of diesel particle filters (DPFs) and the replacement of high-polluting vehicles 
in the transport sector. In Chile, for example, European Emission Standards (Euro 5) have 
been in place since 2013, which means all medium diesel vehicles must install particle 
filters [Gobierno de Chile, 2012a]. Moreover, the next Decontamination Plan for the city of 
Santiago will require all public transport (Transantiago) buses to meet the Euro 6 standard 
(MMAa). The following sections present important examples of initiatives that are and can 
have positive mitigation impacts. These examples are, however, still limited; much wider 
implementation of successful measures is needed. 

Making sure that there are economic incentives in place, with effective financial 
mechanisms and sufficient resources to promote the changes needed, is crucial for 
all analysed sectors. Economic instruments such as the increase in fuel prices in 
Colombia and Mexico, and financial support for improved cookstoves, among other 
initiatives, have been shown to contribute to the necessary advances. Many of the 
effective measures required for BC, CH4 and other SLCP mitigation are new in Latin 
America and the Caribbean; for example, the reduction of emissions of CH4 through the 
minimization or elimination of fugitive emissions in the oil and gas sector and emerging 
shale gas exploitation. Therefore, making sure that financial resources are available for 
the introduction of the necessary technology and infrastructure should be a priority for the 
region and the international community.

2. Institutional and Legal Framework in  
Latin America and the Caribbean

In the last decade, advances have been made in Latin America and the Caribbean in the 
development of institutional and legal frameworks towards the improvement of air quality 
and the mitigation of climate change. Chile and Mexico, for example, have recognized 
SLCPs and their link with public health and the environment, and their national institutions 
are already integrating air quality management and climate change policies. 
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4 Progress and opportunities of reducing short-lived climate pollutants across Latin America and the Caribbean 

Mexico was the first country in the region to expressly consider SLCPs within its national 
policies, and to integrate climate change mitigation with improvements in air quality. The 
reduction of SCLPs was included in the National Development Plan 2013–2018, then in the 
Programme for the Environmental and Natural Resources Sector, and more recently in the 
Special Programme on Climate Change 2014–2018 [Gobierno de Mexico, 2013a, 2013b, 
2014a]. Institutions in charge of policy and implementation, the Ministry of the Environment 
and Natural Resources (SEMARNAT) and the National Institute for Ecology and Climate 
Change (INECC), are already coordinating efforts to integrate air quality and climate 
change issues. 

In 2014, Chile merged the Division of Air Quality with the Climate Change Office within 
the Ministry of Environment. The new institution, known as the Division of Air Quality and 
Climate Change, recognizes the existence of SLCPs in its public listing of main duties 
[MMAb]. In 2017, Chile included measures to  control SLCPs in the National Action Plan on 
Climate Change [MMA, 2017]. 

Colombia was one of the pilot countries, together with Mexico, to develop SLCP plans 
under the CCAC initiative, Supporting National Action Planning (SNAP) on Short-Lived 
Climate Pollutants [CCAC-SNAP, 2013]. The main objective of the SNAP initiative is to 
support the development of national SLCP planning processes – facilitating action in 
countries by embedding SLCPs in on-going activities and policies, and building national 
capacity to coordinate issues related to SLCPs and identify national priorities. Currently, 
Chile, Colombia, Mexico and Peru are participating in Phase II of the SNAP initiative, 
which also provides regionally coordinated support for institutional strengthening in 
participating countries.

Furthermore, in the context of the Conference of the Parties (COP) 21 of the United 
Nations Framework Convention on Climate Change (UNFCCC), held in Paris in 
December 2015, countries were expected to present Intended Nationally Determined 
Contributions (INDCs), publicly outlining the actions they intended to put forward in the 
battle against climate change [UNFCCC, 2015]. Only Chile and Mexico, from among the 
region’s countries, mentioned SLCPs in their INDCs, which became their first Nationally 
Determined Contribution (NDC) after ratifying the Paris agreement. Chile merely outlines 
the opportunity that addressing SLCPs implies, referring to the relation between BC and 
PM2.5, and establishes that the country is open to technical cooperation and international 
finance to support such measures [Gobierno de Chile, 2015]. Mexico also recognizes the 
opportunities offered by tackling the mitigation of SLCPs and states that their inclusion in 
its NDCs increases the country’s level of ambition; this will be done with national resources 
and in an unconditional manner. Mexico’s commitment is to reduce BC emissions by 
51 percent by 2030 [Gobierno de Mexico, 2015].

Although many countries in Latin America and the Caribbean do not specifically consider 
SLCPs, some of these pollutants, such as O3 and PM2.5, are regulated and monitored as 
part of air pollution control efforts. Other relevant legal frameworks regarding CH4 and other 
SLCP mitigation are related to environmental protection, and water and waste management, 
as described below. Effectively, existing regulations need to be reviewed, updated and 
coordinated to avoid duplication and advance mitigation efforts.  
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5Executive Summary

As air pollution issues worsen over the region, there is an urgent need to strengthen the air 
quality management system, its instruments at local and national levels and its integration 
in/coordination with the climate change agenda. An effective air quality management 
and climate change action plan requires the establishment of specific goals, abatement 
strategies, implementation programmes and on-going evaluation with clear responsibilities 
and adequate financial resources, as well as defined timelines for achievement.

Improvement and coordination of policies, laws and regulations
One of the main challenges for a legal framework in Latin America and the Caribbean is 
that regulations are weak and below recommended levels, and, in many instances, poorly 
enforced. A comparative study of Brazil, Chile and Mexico’s legal and policy frameworks 
for air quality, for example, concluded that the maximum permitted levels for O3 and PM10 

exceeded the guidelines of the World Health Organization (WHO] [AIDA, 2016]. Mexico and 
Chile, in 2005 and 2012 respectively, regulated PM2.5, and in 2014 Mexico revised the PM10 
and PM2.5 standards [Gobierno de Mexico, 2014b; Gobierno de Chile, 2012b], although 
these still exceed the WHO guidelines [WHO, 2005].  In 2013, Brazil instigated a process of 
updating its national standards with the target of including PM2.5, although this is yet to be 
approved by the Brazilian National Environment Council [Governo do Brasil, 2013]. A lower 
air quality standard implies that even if it is complied with, there will be negative impacts on 
public health and the environment. 

As the analysis of the different sectors in this report has concluded, clearer and 
coordinated policies, laws and regulations are essential to promote the required changes. 
The establishment of stricter standards in Chile and Mexico, for example, along with 
complementary measures such as positive incentives and the implementation of cleaner 
technology, has reduced emissions from the transport sector. But to achieve greater fuel 
economy in the transport sector, public policies are needed to force economic agents to 
take account of social costs and benefits in their consumption and production decisions.  

One of the main challenges identified by several sectors, including the brick production, 
livestock industries, and wastewater and municipal solid waste management, is the 
lack of policies and well-defined laws and regulations, as well as effective enforcement 
with penalties for non-compliance. The coal, oil and gas sectors have shown the need 
for policies that require mandatory CH4 emissions reduction to facilitate technology 
advancement and the implementation of the necessary measures. Without these 
mechanisms, and considering the cost of the measures, it is unlikely that changes will be 
achieved.

The Biogas Program of the Costa Rican Electricity Institute (ICE), described in Chapter 
4, is a good example of how the establishment and enforcement of policies along with 
information, active stakeholder participation and economic incentives, can deliver 
needed outcomes. 

Another interesting opportunity to increase SLCP mitigation is the incorporation of a rights-
based approach in policy and legal framework development and review. Air pollution 
in the region, mainly in the cities, is linked to premature deaths and cardiovascular and 
other illnesses, mainly affecting children, the elderly and other vulnerable sectors of the 
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6 Progress and opportunities of reducing short-lived climate pollutants across Latin America and the Caribbean 

population [CAI, 2013]. Air pollution clearly impacts quality of life, human well-being and 
the environment.  

As international human rights law establishes that all states should protect, promote and 
respect human rights, states have the obligation to effectively control and monitor all 
activities that might pose a risk to the enjoyment of human rights, as well as providing 
special protection to children and others who might be in a more vulnerable situation. 
Based on a human rights approach, states should, therefore, review and strengthen 
policies and regulations to promote effective SCLP mitigation measures in different 
sectors. In addition, as the majority of the region’s countries recognize the right to a healthy 
environment in their constitutions, they are responsible for implementing effective measures 
to mitigate SLCPs under both constitutional and international law. 

Coordination and integration of standards and responsibility 
In Latin America and the Caribbean, with a few exceptions, issues related to SLCPs are 
regulated and controlled by different national authorities mainly concerned with climate 
change and air quality, in addition to authorities responsible for particular sectors such as 
transport, agriculture, environmental protection, water management, waste management, 
energy, oil and gas, and health. Coordination and implementation of measures is, as a 
result, challenging. It is therefore recommended that, as Chile and Mexico have recently 
done, countries find ways to effectively integrate standards and responsibilities, consistent 
with national SLCP action plans and strategies. 

Institutional structures and capacity 
While important efforts have been made to develop institutional capacity to improve air 
quality, they are still not enough to respond to current needs. For example, Brazil, Chile and 
Mexico have all established monitoring networks, but challenges of adequate equipment, 
accuracy of data, and effective dissemination of information to the public remain. It is 
crucial for countries to concentrate on their monitoring networks, which are essential for 
assessing progress in air quality management, evaluating the effectiveness of applied 
measures, and taking appropriate action for improvement.

In Chile, the Ministry of the Environment administrates more than 200 public air quality 
stations, providing updated information that is constantly publicized (MMAc). Private 
air quality networks controlling emissions from private projects also provide information 
(MMAc). In 2012, new stations were opened in all cities with more than 100 thousand 
inhabitants [MMA, 2013]. Although not perfect, it is a country with more updated 
information and better monitoring, and also has mechanisms for sharing information with 
the community.

In Brazil, the monitoring network covers the main metropolitan areas, which are 
concentrated in the south, southeast, and one state in the northeast, but it covers less 
than 2 percent of the country’s municipalities and just 9 of the 26 states plus the Federal 
District that have some means of monitoring air quality [Instituto Saúde e Sustentabilidade, 
2014]. Mexico has monitoring networks for its major cities, but this still needs improvement 
as only 40 percent of the population has information about air quality [INECC, 2017]. The 
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7Executive Summary

Air Quality and Protection of the Atmosphere Act [Senado de la República, 2013], which is 
currently being considered by the Mexican congress, is expected to improve this situation. 

Indicators, compliance and enforcement of regulations 
Despite the need to improve policies and regulations, laws and regulations already in 
place could, with adequate enforcement, bring good opportunities for mitigation. Brazil, 
Chile and Mexico have policies, plans, and legal frameworks in place with important 
goals and objectives. In many cases, however, those policies and plans lack concrete 
indicators, impeding the measurement of progress, evaluation of results and incorporation 
of the necessary adjustments. There are also key pieces of legislation that have not been 
implemented or enforced. Mexico has recently updated some of the legislations as part 
of the national policy to improve air quality. For example, Mexico has replaced NOM 086 
(which mandated Petróleos Mexicanos (PEMEX) to distribute ultra-low sulfur fuel (30 ppm 
of sulfur on average for gasoline and 15 ppm for diesel by 2009) with NOM-016-CRE-2016, 
which stated that by the end of 2018 all the diesel fuel will be 15 ppm in Mexico [Gobierno 
de México, 2016]. Currently all gasoline sold in Mexico has 30 ppm sulfur content on 
average. In contrast, Brazil’s Air Pollution Control Program for Vehicles (PROCONVE), 
created in 1986, has succeeded in introducing stricter emission limits and low-sulfur diesel 
– currently diesel with 10 ppm of sulfur is available across Brazil [IBAMA, 2016]. 

Financial and other resources  
Latin America and the Caribbean have particular challenges in funding activities for SLCP 
abatement. For example, though growing economies, Brazil, Chile and Mexico still face 
challenges in implementing the plans and projects as required due to limited financial, 
technical and even personnel resources. In order to ensure that SLCPs are mitigated, it 
is vital to identify, assess and prioritize high-impact interventions, define implementation 
requirements and design funding strategies that ensure access to local, national and/or 
international financial resources in the short, medium and long term. Models such as the 
Green Climate Fund and the Mexican Climate Fund could become key players in these 
processes. Mexico’s Climate Fund should start operating soon and, given the fact that 
Mexico is one of only three countries that have legislated to reduce SLCPs, these resources 
could be expected to provide funding [SEMARNAT, 2015]. It is important, however, to 
clearly understand the nature, eligibility, requirements and operational procedures of this 
and other sources. 

Brazil, in contrast, already has a National Climate Change Fund in operation, which offers 
an interesting combination of delivery of grants and loans [Presidencia da República, 
2009]. So far, however, the fund’s resources have been little used because of the 
complexity of accessing them, but it certainly is a starting point for leverage. 

Chile, on the other hand, does not yet have a safe and reliable solution for funding 
resources for climate initiatives. In addition, and considering that air pollution also has an 
important impact on the Chilean economy, a cost-benefit analysis should be carried out so 
that the co-benefit to public health could be taken into account.
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8 Progress and opportunities of reducing short-lived climate pollutants across Latin America and the Caribbean 

3. Sectoral Description 

The following sections provide an overview of each of the major sectors addressed in this 
report. Detailed descriptions of each sector, including initiatives and measures that have 
been successfully implemented in some parts of the region; opportunities for scaling up; 
and challenges faced in implementing the policy, regulation or initiative are presented in 
separate chapters. 

Transport sector
The transport sector has a very important role in the emissions of BC, CH4 and HFCs, all 
of which contribute to global warming. Additionally, BC contributes to the negative effects 
on human health. The most current global estimations indicate that 19 percent of BC 
emissions were emitted from the transport sector, comprising road transport, non-road 
transport including locomotives and diesel marine vessels, and agricultural equipment 
[World Bank, 2014].  

Several countries in Latin America have implemented successful measures to reduce 
emissions of these pollutants, such as: 

 � vehicle technology improvements; 
 � stricter environmental regulations;
 � more efficient mobility into the cities; 
 � improvement in fuel quality and economy.

Vehicle technology improvements include the development and implementation of particle 
filters for diesel vehicles that have demonstrated a more than 90 percent reduction of PM 
and BC [World Bank, 2014] – these have been introduced in Brazil, Chile and Mexico. 
However, in order to deploy currently available advanced vehicle technologies, it is 
necessary to reduce the sulfur content of the fuel. Other reduction measures include the 
replacement of diesel with natural gas in Peru’s buses and the introduction of hybrid and 
electric vehicles in some cities in Argentina, Brazil, Colombia and Mexico.

Another important reduction measure is the introduction of the strictest available 
international vehicle emission standards developed by the US Environmental Protection 
Agency (EPA 2010 standard) and the European Union (Euro 6). Brazil, Chile and Mexico 
are among the countries in Latin America that have worked to incorporate these into their 
national legislation [Gobierno de Chile, 2012a; 2012b; ICCT, 2014]. It is, however, important 
that the regulations are enforced, including through the use of inspection and maintenance 
programs.

Some important Latin American cities are working to introduce more efficient mobility 
through a number of strategies. Bus rapid transits (BRTs), which use restricted lanes to 
provide passengers with an efficient service, have demonstrated benefits in terms of 
reductions in emissions and exposure of passengers to pollutants: systems have been 
implemented in Argentina, Brazil, Chile, Colombia, Ecuador, Guatemala, Mexico and Peru 

 •
 B

ac
k 

to
 C

on
te

nt
s 

•



9Executive Summary

[Transmilenio, 2011; Metrobus Mexico, 2013; Transantiago]. Some cities have promoted 
the use of non-motorized transport and developed infrastructure for walking and bicycling 
[ECOBICI, 2016]. In addition, increasing the efficiency of transport systems necessitates 
integrating land-use, urban growth and the provision of transport infrastructure.

It is also important to mention that other measures and programs have been developed 
to reduce BC and CH4 in Latin America, such as the Clean Transportation Program 
implemented in Mexico and Colombia, which aims to reduce fuel consumption and 
vehicle operating costs through driver training, and discouraging vehicle use. Recovery 
of gasoline vapor at filling stations has been implemented in Mexico City; a nation-wide 
roll-out is under consideration. While measures have not been put in place yet, the 2016 
Kigali Amendment to phase down HFCs under the Montreal Protocol will focus also on the 
replacement of HFCs, as AC refrigerant, in mobile air conditioners in the transport sector, in 
the next decade.

In addition, the promotion of fuel efficiency in the transport sector has great potential to 
boost low-emission development. To achieve greater fuel economy in the transport sector, 
a set of public policies are needed, such as low-emission and energy-efficiency standards 
that force economic agents to take social costs and benefits from their consumption and 
production decisions into account. 

The freight sector represents a large area of opportunity for emission reduction through 
improvements in technology and fuel, and the overall enhancement of operational 
efficiency and logistics along the supply/distribution chain..  

Residential cooking 
In many regions of Latin America and the Caribbean, while infrastructure for gas and 
electricity exists in urban areas it is limited in rural areas. However, as an expression of 
culture and traditions, households in many peri-urban and rural areas with access to 
gas and electricity still use wood fuel for cooking and heating. Traditionally the wood is 
burned in inefficient open fire cookstoves inside poorly ventilated households, conditions 
that expose operators, who are mainly women, often with children, to polycyclic aromatic 
hydrocarbons (PAHs). Exposure to PAHs is associated with cancer, pneumonia and heart 
and lung disease [Global Alliance for Clean Cookstoves]. 

Several other substances, including CO2, O3 precursors (including CH4), and BC, make 
up the indoor smoke from solid fuels. In addition to the public health issues associated 
with indoor smoke, emissions to the atmosphere of BC and CH4 are currently the center of 
international attention because of their capacity to affect the climate system [Anenberg et 
al., 2013; Bond et al., 2013]. Therefore, the introduction of improved biomass cookstoves 
(ICS] is of great importance as they reduce both emissions of PAHs and SLCPs. Some ICS 
available in Latin America and the Caribbean include Patzari, Ecostufa, Ecozoom, Ludé 
Bichée Ecocina, Onil, Turbococina, Mimosa, Noya Stove, Justa metal and Copal Stove, 
Ecofogon, Chapina, Justa and Justa 2x3, Malena, and Inkawasi [Wang et al., 2013b].  
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The use of liquefied petroleum gas (LPG) for cooking has also been widely promoted 
as a substitute for fuel wood in many of the region’s countries. The use of LPG stoves 
has increased considerably in large urban areas; however, in most peri-urban and rural 
settings, LPG only partially substitutes fuel wood, leading to mixed fuel wood-LPG users. 
As a result, the promotion of both LPG and ICS stoves is much more effective in eliminating 
the use of open fires [Masera et al., 2015; Ruiz-Mercado and Masera, 2015]. 

The programs to introduce ICS, if properly designed, adapted and deployed in 
communities, demonstrate health, economic and environmental benefits. The energy 
efficiency, health and environmental benefits of some of the ICS mentioned have already 
been evaluated and show considerable reductions in emissions of PAHs and SLCPs 
[Johnson et al., 2008; Christian et al., 2010; Jetter et al., 2012; Jeuland and Pattanayak, 
2012; Wang et al., 2013a], with some studies in Mexico showing a reduction of about 
61 percent in total BC emissions when traditional stoves are fully replaced by ICS [Christian 
et al., 2010, Masera et al., 2012]. 

Across Latin America and the Caribbean, non-profit organizations, the private sector and 
governments are starting to introduce these stoves to rural and peri-urban communities, 
but the penetration of programs is still limited and faces a number of barriers that need 
to be addressed. Several local programs, such as the Mirador Project in Honduras, 
have achieved significant success where users’ priorities have been taken into account, 
stove designs are robust and stoves are monitored. Other programs, however, have not 
succeeded due to financial and strategic issues, as well as poor design. In general, 
deficiencies in the supply chain and a lack of penetration have not allowed the ICS market 
to become self-sustaining. 

Furthermore, in most cases, efforts to disseminate ICS in the region have not taken enough 
account of the cultural and social implications, including the multiple functions played by 
open fires, besides cooking. In this context, new and improved ICS designed to meet well-
established standards that allow replacing both cooking and heating functions are needed. 
Different financial mechanisms and incentives tailored to local circumstances along with 
economic models to increase penetration will allow programs to scale up, sustain the 
dissemination of ICS and focus efforts on stove adoption and use. 

The international experience shows that ICS adoption is more successful when wood fuel 
is not readily available; health issues are clearly understood by the whole family; incentives 
are in place to reduce the upfront cost of stoves; when ICS are adapted to local cooking 
practices, and their use does not involve major changes in cooking habits; when tangible 
fuel and time savings are proven; and finally, when ICS appeal to the users’ desire for 
“modernity” [Wang et al., 2013b].

Brick production 
Artisanal brick making is an ancient activity and currently a significant element of the small 
economies of many communities, especially in developing countries. According to the 
[CCAC-Brick Production Initiative], artisanal brick production has diminished in recent years 
but is now reviving, driven by the adoption and implementation of efficient technologies 
and processes. The most recent global artisanal brick inventory shows that Asia is the main 

 •
 B

ac
k 

to
 C

on
te

nt
s 

•



11Executive Summary

brick producer with approximately 100,000 large-scale kilns, of which 2,500 are in India 
and Bangladesh. In contrast, the total number in nine Latin American countries (Argentina, 
Bolivia, Ecuador, Honduras, Nicaragua, Brazil, Chile, Colombia, Peru and Mexico) is around 
48,000 – mostly small-scale kilns [EELA, 2013]. 

Many of the region’s traditional cities, including Bogota and Cartagena, Colombia; Cusco, 
Peru; and Queretaro and San Miguel de Allende, Mexico still preserve their colonial design 
with brick walls and tile roofs; these elements are considered noble construction materials. 
In countries including Argentina, Chile, Ecuador and Mexico, artisanal brick production 
enterprises are largely part of the informal economy operating in rural and peri-urban areas 
on leased land, which is periodically displaced by urban sprawl. 

Currently artisanal brick producers tend to service the informal construction sector 
that makes up a significant part of local housing markets, where people live in socially, 
sanitarily and ecologically unsustainable conditions, causing physical and mental health 
problems, exacerbating domestic violence and negatively impacting the environment, as 
elsewhere around the world. In contrast, industrial brick producers mainly supply the formal 
construction market. In Mexico, for example, industrial brick production supplies the formal 
construction sector, which represents around 10 percent of the total market [Kato et al., 
2013]. 

Even in the formal industry, there is a lack of information on the process and emissions. 
In terms of BC emissions, estimates vary according to the fuel used and the control 
of combustion processes. In general, artisanal and some industrial brick producers in 
Latin America and the Caribbean use fuel that has high environmental impacts in low-
efficiency kilns. Wood, tires and plastics, among other fuels, are used to fire bricks and 
tiles, contributing significantly to air pollution and deforestation as well as climate change 
[Redladrilleras].  

To reduce emissions of greenhouse gases, BC, and other pollutants, a step-by-step 
approach is required in some countries where the environmental regulations or the 
economic support programs are under development. By introducing simple technology, 
which improves combustion, reduces emissions and saves fuel and thereby significantly 
reduces costs, it should be feasible to move the sector towards cleaner and modern 
production. In other countries where the regulations are currently being implemented, the 
brick industrial sector requires introducing new low carbon emissions technologies with 
clean fuels and efficient working process. 

Currently important international efforts, developed by the Program on Energy Efficiency 
in Artisanal Brick Kilns in Latin America to Mitigate Climate Change (EELA) and the 
CCAC-Brick Production Initiative, consider climate change to be a pivotal issue for 
development and recognize brick production as an actor, and are therefore strengthening 
its capacity. The EELA program has proved that promoting a systemic approach, in which 
technology suppliers and financial providers promote their products and services to brick 
manufactures, can create a win-win situation for all market players. Emission standards 
can drive the sector to introduce new kilns, as demonstrated in Brazil and Colombia, while 
more efficient kilns that use less fuel and save money can drive producers to update their 
equipment. Peru has designed a nationally appropriate mitigation action (NAMA) for the 
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brick sector, which may contribute to sector modernization [Swisscontact, 2016]. Mexico 
has been supporting different national institutions to obtain local emission factors and to 
improve the activity data, in order to establish emission strategies.

Livestock manure management
In the last decade, beef, pork, poultry and milk production in Latin America and the 
Caribbean has grown by more than one third, far above the world average [CEPAL/FAO/
IICA, 2014]. This rapid growth has occurred predominantly in Argentina, Brazil, Chile 
and Mexico. While it is partly attributed to high rates of land-use change from forest to 
pasture and cropland, the more important driver has been the introduction of technologies 
and instruments to restrain growth to areas already designated for livestock, a forest 
conservation measure, leading to intensive production systems associated with increased 
meat and milk output per animal [FAO, 2014]. For rural and peri-urban communities in the 
region, the growth in the livestock sector has been an important indicator of economic well-
being. At the same time, the number of livestock farms that are de-coupled from cropland 
but associated with higher numbers of livestock has increased, posing new challenges 
for the management of manure. Among these challenges are the emissions of two potent 
greenhouse gases, CH4 and N2O, during manure decomposition [Gerber et al., 2013]. 
Together, CH4 and N2O from manure storage, treatment, application and deposition are 
estimated to account for nearly 30 percent of total agricultural emissions in Latin America 
and the Caribbean [FAOSTAT, 2014].

Across the region, much of the national and international investment in initiatives related to 
manure management has been used to promote CH4 capture and destruction in on-farm 
biodigesters, which involves channeling animal excrement into covered lagoons where 
it undergoes anaerobic digestion and releases CH4. This is captured and then either 
flared off or utilized for electricity generation or heating [IDB, 2011]. Initiatives to install 
biodigesters on livestock farms are common in the region, funded both by international 
development organizations and by national governments, for example under the umbrella 
of NAMAs. These include the Biogas Program of the Costa Rican Electricity Institute, which 
was created when the Costa Rican National Animal Health Service (SENASA) passed a 
law requiring farms to implement approved systems of manure management [SENASA, 
2006]; Costa Rica’s Watershed Management Commission for the River Reventazon, which 
includes incentives to install biodigesters amongst measures to reduce waste flow from 
farms into the river [COMCURE, 2000]; Nicaragua’s National Biogas Program, funded by 
the Inter-American Development Bank and the Nordic Development Fund [Hivos, 2013]; 
and Chile’s NAMA on Self-supply Renewable Energy [CER, 2013].

While cattle in the region have traditionally been raised in pasture-based systems, feedlots 
have been introduced over the last few decades, especially in Argentina [CAF, 2014] and 
Brazil [Domingues Millen et al., 2014; Costa Junior et al., 2013]. Feedlots, also known as 
confined or concentrated animal feeding operations, are a type of animal feeding system 
characterized by high concentrations of animal numbers in confined spaces. As world 
demand for milk and meat products rises, most of the increase in production to meet this 
demand is expected to occur in feedlots [Peterson et al., 2013]. 
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Depending on the animal species and feed composition, 60–95 percent of livestock 
nutrient intake from feed is excreted as manure and urine [Teenstra et al., 2014]. Manure 
management thus plays a fundamental role in the nutrient cycle when nutrients consumed 
and excreted by animals are returned to productive lands. Manure management practices 
that attempt to close the nutrient cycle, especially when they provide an alternative to 
expensive and fossil fuel-intensive synthetic fertilizers, are therefore widely promoted 
throughout the region. Examples of these practices are slurry irrigation, composting and 
the drying of manure solids for easier transportation and application as fertilizer.

The region’s countries generally do not have specific policies on manure management, but 
regulations and incentives that affect manure management are a common component of 
national-level environmental, agricultural, energy and public health policies. For example, 
the climate change policies of Brazil, Costa Rica and Mexico promote manure management 
as an approach to reducing emissions. Mexico’s Special Program on Climate Change 
(2009–2012) set out annual emission reduction targets for the livestock sector, to be 
achieved in part by implementing manure management measures. Brazil’s Sectoral Plan 
on Low-Carbon Agriculture (2012) provides specific targets and budgets for the treatment 
of animal waste, the use of biogas as an energy source, and the installation of biodigesters 
[Brazilian Plan ABC, 2012]. Costa Rica’s National Action Plan for Climate Change [MAE-
Costa Rica, 2012] includes annual targets and budgets both for reducing CH4 and N2O 
emissions from the livestock sector and for increasing the use of emission-reduction 
technologies by 2021. Other policies regulate and incentivize specific manure management 
practices related to storage, treatment, application and disposal. However, regulations and 
incentives for improving manure management in many countries are weak, lacking both 
strong incentives for good practice and clearly defined penalties for non-compliance.

Climate change has created a new context for manure management policy making, in 
which targets are set for implementing specific manure management practices or achieving 
certain emission reductions associated with the livestock sector. In Latin America and 
the Caribbean, the availability of technology is not a limiting factor in improving manure 
management; rather it is that the links between manure management, nutrient flows, the 
competitiveness of the livestock sector, and SLCPs and other greenhouse gases have 
not been sufficiently articulated. Accordingly, key opportunities for improvement include 
information gathering and awareness raising, policy development, and stakeholder network 
building. 

Enteric fermentation in ruminants 
Agriculture contributes about 13 percent of the world’s total greenhouse gas emissions, 
50 percent of the CH4 emissions and 60–80 percent of the N2O released [IPCC, 2014]. 
Most CH4 emissions originate from ruminant enteric fermentation and flooded rice 
cultivation. Latin American and Caribbean countries contribute with less than 9.1 percent 
of total global anthropogenic greenhouse gas emissions; the region ranked fourth behind 
Asia, Europe and North America. Ruminants are one of the most important sources of 
CH4 released into the atmosphere; they produce about 33 percent of all anthropogenic 
CH4 emissions [Eckard et al., 2010]. It is a normal by-product of the digestive process of 
ruminants: archaea methanogenic bacteria use the CO2 and hydrogen (H2) present in the 
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rumen, and which originate from the microbial fermentation of fiber from plants, to form 
CH4 and reduce the accumulation of H2 in the rumen. Methane is not used by the animal 
as a source of energy and is eliminated through the lungs or belched into the atmosphere 
[Eckard et al., 2010]. Nonetheless, CH4 production in ruminants represents a loss of energy 
from the system, which can represent up to 7 percent of the total daily gross energy 
intake [Hristov et al., 2013]. Therefore, developing strategies to reduce CH4 production in 
the rumen can on the one hand, contribute to mitigating the effects of the gas on climate 
change, and on the other hand bring economic benefits to farmers by making animals 
more efficient in terms of the use of energy from feed. 

Currently, most of the efforts in the region to reduce CH4 produced by ruminants are aimed 
at quantifying emission volumes, defining emission factors and calculating inventories, 
whereas little has been done on mitigation. This is because it was only recently that 
governments and scientists in the region recognized the important role that cattle, sheep 
and goats play in the production and emission of large amounts of CH4 into the atmosphere 
and its influence on climatic variability. The first regional conference on greenhouse gases 
in agriculture took place in Chile in 2014 [Ministerio de Agricultura de Chile, 2014]. The 
first initiatives to address the magnitude of the problem are related to the development of 
facilities and infrastructure, allowing scientists to measure CH4 emissions by ruminants and 
thus generate baseline information on which governments can negotiate mitigation targets 
within the current international protocols. Improved emission inventories will reduce current 
uncertainty and allow the monitoring of livestock production systems before and after the 
implementation of mitigation strategies, so that emissions reduction can be validated and 
the effectiveness of the strategy evaluated. 

The generation of local CH4 emission factors for ruminants is an emerging challenge for 
the region’s countries because it demands expensive facilities, scientific equipment and 
a substantial number of experiments with a large number of animals over relatively long 
periods of time to provide an accurate characterization of emissions. A review of the 
available literature reveals a rather small number of studies on the subject despite the fact 
that the agricultural and livestock sectors are two of the main economic actors in the region. 

One of the first studies on CH4 emissions in Latin America was conducted in Argentina 
by Bárbaro et al. [2008] using the sulfur hexafluoride (SF6) technique [Johnson et al., 
1994] to measure CH4 emission by a group of Aberdeen Angus steers, half of which were 
grazing on native pasture and the other half on cultivated pasture. A similar experiment 
was carried out by Bualo et al. [2014] on beef cattle, half of which had access to a 
mixed grass-legume pasture and the other half to received sorghum fodder. In Chile, 
Muñoz et al. [2012] conducted one of the first studies to measure enteric CH4 production 
by grazing dairy cattle on ryegrass; they observed that increasing the level of concentrate 
supplementation resulted in an increase in milk yield without affecting CH4 production per 
unit of milk produced. Brazil is one of the few countries in the region that has invested in 
the construction and operation of respiration chambers to measure in vivo CH4 production 
[Gonçalves de Faria et al., 2014]. 

Some studies have been carried out in the region on the reduction of enteric fermentation 
in ruminants through the use of oils and tanniferous plants, with contrasting results. In 
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Colombia, for example, Rodríguez et al. [2014] evaluated the in vivo effect of the addition 
of Lippia origanoides oil on CH4 production by Holstein heifers with negligible effect. In 
an in vitro study in Argentina, Martínez Ferrer et al. [2014] reported that oil extracted from 
Tagetes and Aloysia produced an effect similar to monensin, an antibiotic that has proven 
its effectiveness in reducing CH4 formation in the rumen. In Mexico, Ayala et al. [2014] 
reported that the addition of Enterolobium cyclocarpum (parota tree] to the sheep’s diet 
reduced CH4 emissions by up to 36 percent. Other mitigation strategies include the use of 
leguminous trees and shrubs integrated into sylvo-pastoral systems, which is believed to be 
a more sustainable way of production compared to traditional livestock systems, particularly 
in the tropical regions. Trees and shrubs improve the nutritional quality of the diet of grazing 
livestock, normally by increasing the concentration of protein, and help to reduce CH4 
synthesis by the effect of secondary metabolites such as tannins and saponins present in 
these plants. For example, Mayorga et al. [2014] reported the effect of Guazuma ulmifolia in 
reducing CH4 emissions from zebu steers. Leucaena leucocephala, a leguminous tropical 
tree from Mexico, has also proved to be successful in reducing CH4 emission by ruminants 
in tropical regions of Latin America [Moreira et al., 2013]. The potential of Leucaena to 
reduce enteric CH4 production is promising; however, more research is needed before 
arriving at conclusive results, in particular due to its effects on animal performance at high 
inclusion levels and its potential production of N2O, also a potent GHG. 

There is an urgent need to expand information on emission factors, inventories and 
mitigation strategies for the different ruminant species in Latin America and the Caribbean. 
This information will serve to guide the development of mitigation policies and reduce 
uncertainty in CH4 inventories for the region. 

Agricultural open burning
Over the last 50 years, the world’s agricultural area increased by approximately 10 percent, 
but in Central and South America the agricultural area grew by around 34 percent, from 
111 million hectares to about 125 million hectares, and from 440 million hectares to 614 
million hectares respectively. In South America this was mainly due to new technological 
capacity and agricultural improvements [FAOSTAT, 2015]. 

Across the region, open burning is commonly used in arable areas as a tool for pest and 
weed control of wheat, soybean and other grains, as well as for preparing the land for 
planting. This technique, however, affects soil organic carbon (OC), increases runoff and 
soil erosion, contaminates watercourses, and affects the climate [Rusu, 2014; Calvin et al., 
2015]. Although the agricultural area has increased considerably in the past decades, 
the burning of stubble has decreased substantially in the region since the 2000s due to 
investment in direct drilling, known as no-till, which seeds into untilled soil without removing 
stubble, restrictions on burning and the use of machinery for harvesting [Derpsch, 2008; 
Friedrich et al., 2012; Rusu, 2014]. 

The no-till technique is an alternative to agricultural open burning introduced to Latin 
America and the Caribbean in the 1970s, mainly in Argentina, Brazil and Paraguay 
[Friedrich et al., 2012; AAPRESID, 2015; FEBRAPDP, 2015]. No-till technologies have a 
great potential to increase the organic matter content of the soil and sequester carbon; 
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in contrast, intensive tillage systems constantly reduce the carbon content of the soil. 
However, the main barriers to no-till adoption, which include a lack of know-how, the 
availability of appropriate machinery and adequate herbicides, and policies to promote its 
adoption, need to be overcome. 

The growth of the area under no-till has been especially rapid in South America. Argentina 
and Brazil lead the countries in which the technique is spreading quickly, with it being 
employed over 29 and 32 million hectares, respectively, corresponding to 70-80 and 
86 percent of the total area under cultivation in these countries [Peiretti and Dumanski, 
2014; FEBRAPDP, 2015]. Paraguay and Uruguay also have high usage: 90 percent and 
82 percent of agricultural areas, respectively, use no-till techniques [Kassam et al., 2014], 
while in Bolivia 72 percent of the area growing soybean uses no-till. In contrast, in Chile, the 
technique is used on only 0.2 million hectares of agricultural land, while almost 0.5 million 
hectares are cleared by burning. In Colombia and Venezuela, only about 0.1 and 0.3 million 
hectares, respectively, use no-till techniques. 

Several initiatives are working to reduce agricultural open burning or the expansion of 
agricultural areas in the Amazon forest. One of the well-known examples in Brazil is 
the 2007 Agro-environmental Protocol, also known as the Green Protocol, a voluntary 
agreement between the São Paulo State Government and the Brazilian Sugarcane Industry 
Association (SMA-UNICA). In sugarcane areas, fire is used to eliminate up to 30 percent 
of sugarcane biomass that includes dry and green leaves as well as stubble. To reduce 
burning, the protocol introduced early phase-out deadlines: 2014 for mechanized areas 
and 2017 for non-mechanized ones. Between 2006 and 2012, while the cultivated 
sugarcane area in São Paulo State increased by 45 percent, the areas in which burning 
was used decreased to 27 percent of the total cultivated with sugarcane. Furthermore, with 
restrictions on burning, the number of properties that use machinery for harvesting has 
increased considerably. Nationally, a federal decree prohibits pre-harvest field burning as 
of 2018 on large farms that can be mechanized. 

Municipal wastewater treatment 
In Latin America and the Caribbean 88 percent of the urban and 64 percent of the rural 
population, or 83 percent of the total, have access to centralized sewage systems or in-situ 
final disposal [WHO, 2015]. However, municipal wastewater treatment is provided for only 
56 percent of the collected sewage, which represents 38 percent of the total municipal or 
domestic wastewater produced in the region. These values are estimated using data from 
the official documents of six countries that together represent 76 percent of the region’s 
total population – Argentina, Brazil, Chile, Colombia, Mexico and Peru.

In addition, the operational practices carried out in the existing wastewater treatment 
plants are very different and some of the smaller installations have been abandoned. This 
precarious situation is an evidence of how far the region is from delivering full wastewater 
treatment. The Development Bank of Latin America (Corporación Andina de Fomento, 
CAF) estimates that an annual investment of US$1.66 billion dollars will be required 
between 2010 and 2030 if Latin America is to reach 64 percent treatment of municipal 
wastewater [CAF, 2012].
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The purpose of wastewater treatment plants is to remove pollutants, and by this means, to 
protect the environment and public health. Nevertheless, if the facilities are not correctly 
conceptualized, designed, maintained and operated, they can have serious environmental 
impacts, if, for example, CH4, which is the product of anaerobic decomposition, leaks 
during the process. In fact, aerobic degradation and the resulting CH4 emissions may take 
place in the sewage network, pumping systems, preliminary treatment and the biological 
reactor itself. Furthermore, emissions of N2O from anaerobic systems should be kept in 
mind due to their high global warming potential (GWP of 310 under 100-year time horizon), 
especially when the process incorporates the biological removal of nitrogen. 

The baseline for any mitigation policy in the water sector is energy efficiency, either for 
existing or future systems. This should be regarded as a high-priority mitigation measure, 
especially where electricity generation is based on burning fossil fuels. Biogas recovery for 
electricity production has major mitigation potential for conventional municipal wastewater 
treatment plants with anaerobic sludge digesters. This approach not only reduces CH4’s 
global warming contribution by burning it, but can also provide 50–60 percent of the 
energy needed in large treatment plants that would otherwise be sourced from the grid 
[Arnaud and Gricourt, 2015].

In some countries with warm climates, direct anaerobic sewage treatment is increasingly 
used, mostly based on upflow anaerobic sludge blanket reactors. A recent survey of 2,734 
wastewater treatment plants in six Latin American countries – Brazil, Chile, Colombia, 
Dominican Republic, Guatemala and Mexico – [Noyola et al., 2012] found, however, that 
nearly 60 percent of the sewage treatment capacity is still provided by activated sludge 
(extended aeration and conventional) processes.

The adoption of direct anaerobic processing for sewage treatment in developing countries 
is a more sustainable option than conventional activated sludge or low-cost stabilization 
ponds. This should be supported by a program for improving management and training, 
mainly focused on small municipalities or operators, regardless of the type of treatment 
process. Moreover, research and technology development should be encouraged to 
provide small and reliable biogas burners and co-generation units, as well as simple means 
for capturing or degrading CH4 dissolved in the effluent.

A life-cycle assessment in Mexico showed that stabilization ponds have a higher 
environmental impact due to CH4 venting [Noyola et al., 2013], while extended aeration 
contributes to GWP due to indirect emissions generated by the demand for electricity in the 
aeration tank. The contributions of conventional activated sludge are CH4 from anaerobic 
digestion and greenhouse gases from the generation of electricity for aeration purposes. 
However, co-generation of electricity by burning CH4 can be an asset, reducing electricity 
consumption from the grid and decreasing the overall GWP. Finally, the use of upflow 
anaerobic sludge blankets could also lower GWP impact, if efficient CH4 capture and 
burning is provided.

Encouraging the adoption of anaerobic treatment technologies for future sewage 
treatment facilities in developing regions may be an attractively accessible measure 
[Noyola et al., 2016]. This would reduce greenhouse gas emissions from the wastewater 
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sector while simultaneously reducing capital investment and operational costs compared to 
conventional full aerobic treatment options.

A study based on five scenarios for 2030 showed that greenhouse gas emissions from 
sewage treatment in Mexico could be reduced by as much as 34 percent compared to 
a baseline scenario [Noyola et al., 2016]. This could be accomplished if future facilities 
are based on combined anaerobic-aerobic processes with 95 percent CH4 burning 
efficiency, 50% recovery of CH4 dissolved in the effluent, and electricity co-generation in 
facilities with treatment capacities above 500 liters per second. If, however, the production 
of electricity was not considered, the reduction of greenhouse gas emissions would be 
limited to 14 percent [Noyola et al., 2016]. Clearly, the impact of biogas recovery for 
electricity production is significant. Moreover, if the biogas were used for cogeneration in 
the anaerobic-aerobic processes, the amount of CO2 equivalent generated in 2030 would 
be 75 percent of the amount produced in 1990. It should be noted that at that year, only 
20 percent of the collected sewage was treated. 

Municipal solid waste 
The municipal solid waste sector is the third largest source of anthropogenic CH4 
emissions, generating worldwide 800 million tons of CO2eq annually; BC and CO2 are also 
produced by this sector [CCAC-Municipal Solid Waste Initiative].

Municipal solid waste management is important for both public health and the environment. 
With population growth, the amount of solid waste generated in Latin America and the 
Caribbean has been increasing. Approximately 50 percent of this waste is not adequately 
disposed of, although in recent years collection coverage has increased. One of the main 
difficulties for waste collection has been observed in urban slums of large cities or in areas 
that are difficult to access [BID-AIDIS-OPS/OMS, 2011]. In Rio de Janeiro, small vehicles 
such as motorcycles with baskets and low-capacity trucks are able to enter such difficult 
areas in the slums (favelas), facilitating waste collection [CCAC-Rio, 2015]. 

Sorting at source is not a common practice in the region and no appropriate source-
sorting incentives or information are available to most people; such practices as waste 
picking, open burning and uncontrolled landfill are still common [BID-AIDIS-OPS/
OMS, 2011]. Mexico City’s 2003 Law of Solid Wastes includes a chapter on sorting of 
wastes, stating that it is an obligation of every waste generator, household, business and 
industry, institution, etc., to separate organic and inorganic waste and to deposit them 
in differentiated containers. Source sorting grew from 1.68 percent in 2005 to more than 
24 percent in 2013 in residential areas [SMA-DF, 2014]. The city of Cali, Colombia, has 
designed a municipal source separation policy based on identifying, organizing and 
providing legal status to waste pickers, who operate as city contractors for gathering, 
separating and commercializing recyclable materials. Households are urged to separate 
their waste at source using different colored bags and large generators of organic waste 
are targeted for separate collection [CCAC-Cali, 2015].

Landfilling is the most widespread technology for the final disposal of solid wastes; 
however, uncontrolled landfills still remain very common, as well as the uncontrolled 
burning of waste in small cities. Open burning of municipal waste is widespread, 
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accounting for 2 percent of the region’s overall wastes; although in some countries up to 
7 percent of municipal solid waste is disposed of in this way [BID-AIDIS-OPS/OMS, 2011]. 
Recycling is not extensive in the region, yet informal recycling supports a large sector of 
very poor people. Composting has not been developed in the region due to inappropriate 
evaluation of its economic feasibility.

The region has little experience in generating energy from waste. In Mexico, some projects 
for capturing CH4 from landfill have shown good results [BENLESA, 2013]. Rio de Janeiro 
has recently closed its primary disposal site, the Gramacho landfill, where a new biogas 
purification plant will deliver 10,000 m3 of high-grade gas per day to one of the country’s 
main refinery complexes through a 5,500-meter pipeline [CCAC-Rio, 2015]. In Viña del 
Mar, Chile, energy is recovered from five landfills that process 50 percent of all municipal 
waste [CCAC-Viña, 2015]. However, these projects are not free of operational and logistical 
problems. While anaerobic digestion is a common treatment in developed countries, 
implementation of municipal solid waste digestion in the region is scarce. Interest has, 
however, increased as a result of successful projects in both rural and urban areas. Brazil 
and Mexico have implemented successful projects under Clean Development Mechanism 
(CDM) schemes [UNFCCC, 2012].

In most countries of the region, the establishment of public policies and financial allocation 
are the responsibility of the federal governments, while municipalities are responsible for 
services to collect, transport, treat and dispose of waste. Many countries in the region have 
set up national waste management programs for reaching medium- and long-term goals, 
and relevant policy measures have been implemented, but effective economic and financial 
regulatory standards are still missing. 

The Climate and Clean Air Coalition has ongoing programs addressing municipal solid 
waste; 50 cities around the world are expected to develop and implement action plans by 
2015 in order to reduce SLCPs from the waste sector by 2020. The aim is to expand the 
city network to reach 100 additional cities to motivate and lead a further 1,000 cities to take 
action for implementing the most successful practices.

Coal mining
Global coal production in 2015 was 3,830 million tons of oil equivalent (TOE). Latin America 
and the Caribbean produce 68.3 million TOE, approximately 2 percent of global production, 
with Colombia contributing more than 80 percent of the region’s total over the past three 
years [BP, 2016]. 

The three major coal producers in the region – Colombia, Mexico and Brazil – are pioneers 
in reducing CH4 emissions from coal mines [GMI, 2015], implementing policies and making 
technical efforts to capture emissions. In Colombia, currently the Ministry of Mines and 
Energy is establishing technical procedures that mining companies must apply [Ministerio 
de Minas y Energía, 2014]. In Mexico, Minerales Monclova developed an initiative for 
extracting CH4 from three of their mines, the first project in the region that has been 
approved under the CDM scheme [MexiCO2, 2014]. In 2009 Brazil implemented enhanced 
coal-bed CH4 recovery by injecting CO2 as a pilot project in Porto Batista [Beck et al., 
2011]. According to ZEROCO [2011], this project was successfully completed in 2011.
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There are several techniques for trapping and disposing of CH4 in coal mines. One is 
the use of large-scale ventilation systems that move massive quantities of air through the 
mines, whereby diluting and removing CH4 from underground mines. These ventilation 
systems help maintain safe working conditions for miners, but release large amounts of 
very low-concentration ventilation air methane (VAM) into the atmosphere. Policies are 
required to promote and motivate coal-mining companies to invest in technology, not only 
to extract the CH4, but also to use it for energy generation.

At present Colombia has a big challenge in reducing not only CH4 emissions but also other 
pollutants that affect the communities living near the mines.

Oil and gas sector
The production, processing, and distribution of oil and natural gas are the second largest 
emitter of anthropogenic CH4 worldwide, releasing an estimated 1360 million tons of CO2eq 
of methane into the atmosphere in 2010 [EPA, 2012] – approximately 20 percent of global 
CH4 emissions.

When crude oil is extracted from both onshore and offshore oil wells, raw natural gas 
associated with the oil is also produced. The gas can be used at the installation as fuel 
to run compressors, may be transported by pipeline and used or sold elsewhere, or may 
be injected into the ground to enhance oil recovery. In areas lacking the infrastructure, 
however, the oil and gas industry disposes of the associated gas by planned venting or 
burning (flaring). In emergencies, such as overpressure, equipment malfunction or power 
outage, unexpected gas emissions are flared as a safety measure to control the risk that it 
represents to workers, nearby villages, surrounding infrastructure and the environment. 

The gas extracted typically consists of multiple hydrocarbon compounds (HCs), CO2, 
nitrogen (N2) and hydrogen sulfide (H2S). Gas venting or flaring is currently recognized 
as an environmental problem that has serious implications for global warming due to the 
atmospheric emission of greenhouse gases (CO2 and CH4) and BC particles. In addition, 
gas flaring is of itself a waste of natural resources. Among the countries with the highest 
flaring rates are Russia, Iraq, Iran, Nigeria, and Venezuela; these countries represent over 
50 percent of the associated gas flaring worldwide [World Bank, 2017]. 

Venezuela and Mexico are the largest oil exporters in Latin America and the Caribbean, 
together exporting 3 million barrels per day [OPEC, 2014]. At the same time, these two 
countries have the highest flaring rates – 2.8 and 2.0 billion m3 per year, respectively 
[Farina, 2011]. In 2013, Colombia flared 0.44 billion m3 of gas, and vented 0.02 billion m3 
[ACP, 2014]. Currently, the volume of gas flared and vented in all the region’s countries 
remains uncertain. 

Examining the conservation of natural resources, governmental energy sector authorities 
have requested the elimination of flaring and venting and the control of leaks in the oil 
and gas industry. International experience [GGFR 2011; IPIECA and OGP 2011] suggests 
that, to be successful, this initiative should be implemented as a joint effort between the 
government and oil and gas companies. Additionally, it suggests that the implementation 
of these regulations should be performed in three phases. The first of these should aim 
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to promote the spirit of the regulation, the adoption of best practices, the measurement of 
the gas flared and the development of an action plan to reduce flaring and venting within 
each company. The second phase should aim to implement the action plan, obtain an 
accurate inventory of the volume of gas flared and refine the regulation according to local 
circumstances. The third phase should establish individual annual goals for flare reduction 
and enforcement mechanisms. 

Some countries in the region have strict regulations to control gas flaring and its 
environmental impact. Implementation and verification of compliance, however, remain 
challenging [World Bank, 2004]. The main barriers include the significant cost of capturing 
and utilizing the associated gas as currently there is a lack of the financing needed to put 
gas infrastructure in place, the domestic gas markets are undeveloped and countries have 
limited access to international markets [GGFR, 2011].

In recent years, Mexico, through the state-owned petroleum company PEMEX, has focused 
a number of activities on emissions reduction in the oil and gas sector. Since 2006, a 
key PEMEX greenhouse gas initiative has been its collaboration with the Global Methane 
Initiative [GMI, 2015] to develop projects for reducing gas flaring and improving CH4 
recovery and energy efficiency.  

Recently, Mexico communicated that it aims to reduce its greenhouse gas emissions 
by up to 40 percent compared to its business-as-usual scenario by 2030 [Gobierno de 
México, 2015]. It added that the full implementation of its 2009 Special Climate Change 
Program (PECC), which includes a set of NAMAs to be undertaken in all relevant sectors, 
would achieve a reduction in total annual emissions of 51 million tons of CO2eq by 2012, 
compared with the business-as-usual scenario. This achievement would be subject to 
the provision of adequate financial and technological support from developed countries 
as part of a global agreement. The central aim of this NAMA is the creation of a program 
framework to reduce emissions of CH4 through the minimization or elimination of fugitive 
emissions from the processing, transport and distribution of natural gas in Mexico. The 
estimated emission reduction from this NAMA is approximately 3 million tons of CO2eq per 
year. Achieving this would improve Mexico’s efficiency in processing fugitive emissions and 
in the transport and distribution of natural gas to levels reached in other countries such as 
the United States and Canada [CO2-Solutions, 2013].

With regard to non-conventional oil and gas reservoir exploitation, Argentina, Mexico and 
Brazil have the second, sixth and tenth largest shale gas reserves worldwide, with 23, 
15.5 and 7 trillion m3 respectively [EIA, 2013]. Recent reports claim that CH4 leaks from 
well completions after hydraulic fracturing may account for 3–10 percent of total natural 
gas production in the United States [Tollefson, 2013]. Undoubtedly, new technology is 
required to reduce these leakages; otherwise the use of natural gas to fuel industry and 
transport, considered a strategy towards a low-carbon economy, may be neutralized by 
CH4 leakages.
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4.  Managing Hydrofluorocarbons in Latin America and the Caribbean 

Hydrofluorocarbons are a group of chemicals primarily produced for use in refrigeration, 
air-conditioning, insulating foams and aerosol propellants, with minor uses as solvents 
and for fire protection. They were developed to replace chlorofluorocarbons (CFCs), which 
have already been phased out and hydrochlorofluorocarbons (HCFCs), which are currently 
being phased out under the Montreal Protocol on Substances that Deplete the Ozone Layer 
in order to put the stratospheric ozone layer on a path to recovery [UNEP, 2011b; UNEP, 
2016]. However, HFCs are very powerful greenhouse gases, trapping thousands of times 
more heat in the atmosphere per unit of mass than CO2.

Only commercialized in the early 1990s, HFCs have caused approximately 1 percent of 
total global warming to date. However, the production, consumption and emissions of these 
manufactured gases are growing at a rate of 10–15 percent per year, effectively doubling 
every five to seven years [Montzka et al., 2014]. The use of HFCs has been accelerating as 
they replace HCFCs and as demand grows for the appliances that use these refrigerants.

Across Latin America and the Caribbean, some large and medium-sized manufacturing 
companies in such countries as Argentina, Brazil, Colombia and Mexico, utilize HFCs but 
the majority of other countries rely on imported products and alternative substances for 
servicing their equipment and appliances [Koefoed, 2016].

In 2016, the Parties to the Montreal Protocol agreed to the Kigali Amendment to phase 
down the production and consumption of HFCs. Under the Amendment, countries in the 
region must freeze production and consumption of HFCs on or before 2024 at agreed 
baseline levels, and begin reductions in steps reaching 20 percent of the freeze level in 
2045. The global HFC phasedown plan agreed to in Kigali is expected to avoid up to 
90 percent of the warming HFCs otherwise would have caused by 2100—up to 0.5°C—
and considerably more from fast implementation and parallel efforts to improve energy 
efficiency of air conditioners and other products.

The Montreal Protocol’s HCFC phase-out presents an opportunity for LAC countries to 
move faster than the control schedule of the Kigali Amendment by leapfrogging HFCs and 
converting to lower-GWP and not-in-kind technologies, avoiding the growth in emissions of 
these powerful greenhouse gases while eliminating existing sources of HFCs. The region’s 
countries have an excellent opportunity to work in a stepwise way by prioritizing the sectors 
in which appropriate technology is available, and making transitions to proven technologies 
that will allow significant reductions in HFC emissions, while benefiting from significant 
gains in energy efficiency from substantially improved technologies, particularly in the 
refrigeration and air conditioning sectors.

There are opportunities to mitigate the increase in HFC consumption. In summary:

 • ratify the Kigali Amendment to the Montreal Protocol to phase down HFCs;
 • control, regulate, and monitor imports, use, and emissions of HFC products and 

equipment;
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 • technology conversion of manufacturing lines to lower-GWP and energy-efficient 
alternatives; if feasible, the safe retrofit and/or replacement of existing products 
and equipment containing high-GWP products;

 • ban on imports of products containing HFCs, unless essential;
 • introduce standards and training of service technicians;
 • introduce good practices in refrigerant management as well as end-of-life 

management.
 • incentivize simultaneous improvements in appliance energy efficiency and low-

GWP refrigerant alternatives.

Across the region action is being taken to address growing HFC emissions and the first 
step has been taken in a large number of countries – mapping their uses in different 
sectors through HFC country surveys, mostly funded by the Multilateral Fund for the 
Implementation of the Montreal Protocol and CCAC. By scrutinizing the selection of energy-
efficient and lower-GWP technology during project approval, the Multilateral Fund of the 
Montreal Protocol and CCAC are of the utmost importance in global efforts to mitigate 
climate change.

5. Identified measures implemented  
in Latin America and the Caribbean

The following mitigation measures for BC, CH4, and HFCs have been successfully 
implemented in some countries in Latin America and the Caribbean. In addition to the list 
in Tables 1-3, there are other sectors and policy options that have large mitigation potential 
for SLCP emissions, as described in the following chapters; however, more resources are 
needed for their implementation. This will greatly accelerate the national planning process 
for SLCPs in Latin America and the Caribbean.

In conclusion, despite some remaining uncertainties about SCLPs, especially BC, that 
require further research, currently available scientific and technical information has 
provided a strong foundation for making mitigation decisions and implementing the 
identified measures through appropriate public-private partnerships, financial incentives, 
dedicated research funds and legal frameworks to achieve lasting benefits for public 
health, the environment and climate.

Table 1. Identified measures for reducing black carbon emissions in Latin 
America and the Caribbean 

Transport sector

BC-1

Promote and implement improved vehicle technology: 
- facilitate the introduction of ultra-low-sulfur (ULS) fuel and advanced emission control technologies;
- catalyze deployment of low- or zero-emission vehicles;
- retrofit particle filters for appropriate diesel engines (requires ULS fuel);
- replace old diesel buses and trucks with cleaner, more efficient models.

BC-2

Enforce stricter environmental regulations on emissions and efficiency such as low-emission and fuel-
economy standards:
- strengthen inspection and maintenance programs;
- accelerate the scrapping of old vehicles. 
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BC-3

Implement more efficient mobility in the cities:
- promote high-capacity public transport, such as bus rapid transport (BRT), and non-motorized 
transport;
- develop integrated land-use and transport policies, travel demand, and freight management. 

BC-4 Promote clean transport programs (eco-driving training programs to reduce fuel consumption and 
operating costs).

Residential cooking 

BC-5 Substitute traditional cookstoves (open fire) with improved wood-burning cookstoves and modern fuels 
such as liquefied petroleum gas.

BC-6 Develop social and environmental policies and national programs to incentivize and support the 
substitution of traditional cookstoves with improved cookstoves. 

Brick production

BC-7
Promote cleaner production in the brick sector by, for example, switching to cleaner fuels.
Improve fuel efficiency in traditional brick kilns and move gradually to introduce modern brick kilns.
Identify and incentivize alternative construction materials.

Oil and gas sector

BC-8 Extended recovery and utilization, rather than flaring, of associated gas and improved control of 
unintended and fugitive emissions from the production of oil and natural gas.

Agricultural open burning

BC-9 Adoption of no-till technologies and other conservation agriculture.

BC-10 Encourage mechanization of sugar-cane harvesting.

BC-11 Ban or restrict open burning of crop residues and agricultural waste.

Wildfires

BC-12 Reinforce national programs for protection against forest fires.

Table 2. Identified measures for reducing methane emissions in Latin America and 
the Caribbean

Livestock

MT-1

Implement integrated livestock manure management:
utilize on-farm biodigesters to harness CH

4
 for use as an electricity source, slurry irrigation, and 

composting; 
apply manure to fields as fertilizer for improving the nutrient cycle.

MT-2 Improve dietary and grazing management of cattle, variations in the metabolic route: 
use tanniferous and saponiferous plants, as well as plant oils, to reduce CH

4
 production in the rumen.

Municipal solid waste

MT-3 Reinforce and promote programs for the separation of urban solid waste to increase the number of 
recycling (3R) programs (reduce, reuse and recycle).

MT-4 Promote CH
4
 recovery at landfill sites and use it for power generation.

Municipal wastewater treatment

MT-5

Improve management of existing wastewater treatment facilities to ensure proper operation, energy 
efficiency and maintenance. 
Consider as an option the installation of sewage treatment processes consisting of modern anaerobic 
reactors followed by aerobic or natural systems, particularly in warm regions.
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MT-6

Upgrade primary wastewater treatment to secondary and tertiary treatment with gas recovery and 
overflow control:
in conventional activated sludge processes (medium and large), install anaerobic sludge digesters to 
process wastewater biosolids and produce biogas for on-site use (in place of using conventional fuel to 
generate electricity);
install biogas capture systems at existing open-air anaerobic ponds;
install efficient flares and degassing devices at the effluent discharge of anaerobic municipal reactors 
(upflow anaerobic sludge blanket).

Coal mining

MT-7 Extend pre-mine degasification and recovery and oxidation of CH
4
 from ventilation air from coal mines.

Oil and gas sector

MT-8 Extend recovery and utilization, rather than venting and flaring, of associated gas and improve control of 
fugitive emissions from oil and gas production

MT-9
Apply Reduced Emission Completions (RECs) or “Green Completions” after hydraulic fracturing 
stimulation and workovers. RECs help to reduce emissions of CH

4
, volatile organic compounds, and 

hazardous air pollutants during well clean-up and can eliminate or significantly reduce the need for flaring

MT-10
Leak monitoring and repair:
reduce CH

4
 emissions by utilizing control technologies, e.g., low-bleed or no-bleed pneumatic controllers 

and dry-seal systems.

Table 3. Identified measures for reducing hydrofluorocarbon emissions in Latin 
America and the Caribbean

HF-1 Ratify and comply with the Kigali Amendment to the Montreal Protocol to phase down HFCs.

HF-2 Control, regulate, and monitor imports, use, and emissions of HFC products and equipment.

HF-3 Technology conversion of manufacturing lines to lower-GWP and energy-efficient alternatives; if feasible, 
the safe retrofit and/or replacement of existing high GWP-containing products and equipment.

HF-4 Control imports of products containing high-GWP HFCs, unless essential.

HF-5 Introduction of standards and training of service technicians.

HF-6 Introduction of good practices in refrigerant management as well as end-of-life management.

HF-7 Incentivize simultaneous improvements in appliance energy efficiency and low-GWP refrigerant 
alternatives.
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The reduction of atmospheric pollution 
that affects urban centers of the major 
part of the cities in the LAC region, where 
transport sector is the most important 
source, needs clean vehicle technology 
and low-sulfur fuel. Sulfur in fuel has 
a double impact, as it is a pollutant 
itself, and also impedes the adoption of 
advanced technologies for the control of 
vehicular emissions. A strategy focused 
on the reduction of atmospheric pollutants 
would succeed only if lower sulfur levels 
in fuels are reached. Heavy-duty diesel 
vehicles are probably the most important 
sources of BC, especially within the urban 
zones. However, due to the reduction of 
the sulfur content in fuels, the advance in 
the engine´s design and emission control 
technologies such as diesel particle filters 
(DPF), emissions from vehicles that use 
clean diesel have been considerably 
reduced. However, the use of these 
particles control technologies has not 
been spread widely in the region, with 
the exception of the DPF program for 
public transport buses in the Metropolitan 
Region of Santiago. This program was 
implemented within a framework of an 
atmospheric decontamination plan since 
2010. The region is facing a challenge 

related with finding the right mechanisms to 
include these technologies, available at the 
international level, and make the most of its 
climate change benefits and reduction on 
health impact. 

An effective strategy for the LAC region has 
to be based on the creation of a baseline 
that allows for quantifying some aspects 
that currently can only be described in 
qualitative terms:

 � Some countries of the region do not 
have air quality standards (all countries 
from Central America, some countries of 
the Caribbean Region and Uruguay in 
South America).

 � Most of the countries of the LAC Region 
use fuels with high sulfur content that 
are not compatible with BC control 
technologies. 

 � Many countries of the region do not 
have regulation for heavy duty diesel 
vehicle (HDDV) yet.  

 � In general, heavy-duty diesel vehicle 
fleet is aged and an important part 
of the fleet do not have emissions 
certificate. Some countries of the region 
still allow the import of second hand 
heavy-duty vehicles. 

1.1. Introduction
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The following sections describe some 
measures that have been implemented 
for emissions reduction of BC and other 
co-pollutants in the transport sector. 

In addition, this chapter also provides 
a description of fuel economy – the 
promotion of fuel efficiency in the transport 
sector to boost low emission development.   

1.2. Identified Measures Implemented 
in Latin America and the Caribbean

Particle filters  
for diesel engines
The particle filters installed in the exhaust 
of motor diesel are, by far, the most 
efficient technology to reduce emissions of 
particulate matter (PM) and black carbon 
generated by these engines. In some 
countries of the LAC Region, programs to 
quantify the benefit that this technology 
generated have been developed, and they 
have shown the following results:

 � Chile, 2004: Particle filters (certified 
through EPA or VERT) were installed, 
and they showed a superior efficiency 
of 70 percent reduction in emissions 
of coarse particles (mass basis) and 
a greater reduction over 97 percent 
of ultrafine particles (particle number 
basis). [Swiss Agency for Development 
and Cooperation SDC, 2011].

 � Mexico: A study in which the particle 
filters were installed in public buses 
with electronic injection engine 
was developed; the results showed 

Figure 1.1. 
TransSantiago

(credit:  
Amelia Ortúzar Fabres)
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90 percent reduction in particle 
emissions and 99 percent of ultrafine 
particles [CTS-EMBARQ, 2006].

 � México, 2014: A project involving the 
installation of particle filters in agricultural 
and construction machinery (off-road 
vehicles) was conducted in 2014. Mass-
based reductions for black carbon 
emission factors were significantly large 
(above 99%) when DPFs were installed 
and the vehicles were idling, and the 
reductions were moderate (in the 20-
60% range) when p-DPFs were installed 
and the vehicles were in working 
operating conditions [Zavala et al, 2017].

 � Colombia, 2014: It was verified that the 
use of particle filters on diesel-powered 
buses in the city of Bogotá can reduce 
emissions of particulate matter by more 
than 95%, especially those of ultra-fine 
particulate matter [Alcadía Mayor de 
Bogotá D.C., 2014].

As mentioned in the Introduction, the use 
of advanced vehicle technologies required 
the availability of low-sulfur fuel. Currently, 
there is a lack of harmonization in the 
diesel quality at regional level. There are 
different fuel qualities in the region: Mexico 
(50-500ppm), Central America has 2,000-
5,000 ppm; however, Costa Rica and 
Panama have 50 ppm. In South America, 
some countries have 50 ppm diesel or 
less (Chile, Uruguay and Colombia) while 
some others, e.g., Brazil and Argentina, 
have levels around 500-2,000ppm. Peru, 
since 2012, have 50 ppm diesel in some 
urban zones, including the metropolitan 
area of Lima-Callao. It is expected that most 
cities in the LAC region will have low sulfur 
content (50 ppm) diesel in the year 2018, 
although many countries will still have high 
sulfur fuels at national level. In this context, 
it is important to consider that Euro VI 
regulation requires a maximum of 10 ppm 
sulfur content. Costs and benefits analysis 

associated with the reduction of sulfur 
content in fuels can be used as the basis on 
the needed investments in refineries and/or 
on the decision of importing clean fuels in 
countries that lack refinery capacity. 

Strict standards for 
heavy‑duty diesel vehicles
The strictest standards for Heavy-duty 
Diesel Vehicles are the EPA 2010 and Euro 
VI, which are applied in the United States 
and the European Community respectively, 
whose emission limits approaches zero.

According to UNEP, if the Euro VI 
standards are implemented globally, with 
the subsequent installation of particle filters 
in both off-road and on road vehicles, there 
would be a reduction of 18 percent in black 
carbon emissions by 2030 [UNEP and 
WMO, 2011].

Chile is the LAC country where more 
stringent emission limits for diesel units 
are applied. Since 2014, heavy-duty 
diesel vehicles for private and commercial 
use must meet Euro V standards; public 
buses must meet them in September 
2015 [Gobierno de Chile, 2012]. Mexico 
is working on the development of new 
regulations for these units; the work done 
so far shows that if EPA 2010 and Euro 
VI standards are adopted, black carbon, 
organic carbon and sulfates emissions 
would be reduced, equivalent to 500 million 
tons of CO2eq over the period 2018-2037 
[ICCT, 2014].

Bus Rapid Transit
Transport mode called Bus Rapid Transit 
(BRT) is a system that integrates high-
capacity passenger buses to restricted 
lanes (one in each direction of the road); 
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the buses can be simple motor, articulated 
or bi-articulated. This mode also provides 
stations with elevated waiting platforms that 
allow for quicker entry and exit to the bus. 

The BRT’s operation activities occur in a 
confined and traffic-free road, which keep 
the bus system independent of congested 
traffic and allows the passengers to reduce 
the travel time used, compared with the 
trips made by private car, taxi or traditional 
buses. This feature becomes an incentive 
for people to leave their private automobiles 
and use the BRT.

The BRT mode reduces the emissions 
by modifying the percentage of private 
vehicles circulating around the system’s 
influence zone. The first Latin American city 
that implemented this mode of transport 
was Curitiba, Brazil. Currently there are 
similar systems in Ecuador, Colombia, 
Mexico, Argentina, Chile and Guatemala. 
The estimated environmental benefits for 
some of these systems are shown below:

 � Between 2000-2009, the Transmilenio 
located in Bogota reduced 1,671,045 
tons of CO2eq [Transmilenio, S.A. 2011].

 � In the case of Mexico City, the system 
has five lines; it carries 866,000 
passengers daily, avoiding 20.1 million 
of private car trips, which has reduced 
100,000 tons CO2eq [Metrobus, 2013].

 � In Argentina, the system operates 
through three lines; one of them, “9 
de Julio”, contributes to the reduction 
of 5,612 tons of CO2eq per year, this 
amount is similar to what 4,300 private 
cars or 65 public transport buses would 
emit [Metrobus website figure, 2010].

Over‑priced fuel
Increase the price of fuel tends to 
discourage car use and long journeys 
by private car. In 2003, the Colombian 

Government imposed an increased price 
to fuel; half of this income was used to 
improve public transport.

In Mexico in 1990’s, a trust fund was 
created whose income came from a tax 
on gasoline sold in the Metropolitan Area 
of Mexico City; the resource generated 
was used to promote the implementation 
of environmental projects such as the 
installation of vapor recovery systems at 
service stations [CAI, 2012] as well as the 
development of research to address the 
metropolitan environmental problems.

Vapor Recovery Systems
Vapor recovery is the process of recovering 
the vapors of gasoline or other fuels, so that 
they do not escape into the atmosphere. 
This is often done at filling stations in order 
to reduce noxious and potentially explosive 
fumes and pollution. Gasoline is a refined 
product of petroleum consisting of a mixture 
of hydrocarbons, additives and blending 
agents. Vapor recovery systems can save 
money by conserving gasoline that would 
be lost into the air and protect public health 
by reducing inhalation of toxic gasoline 
vapors and air pollution. 

Vapor recovery systems (VRS) are 
categorized under two stages. Stage I VRS 
captures vapors normally emitted during 
the filling of gasoline storage tanks, and 
return those vapors to the gasoline delivery 
truck to keep them from being emitted to 
the air. This is accomplished by installing 
vapor-tight connectors on all submerged 
fill pipes and gasoline cargo tanker trucks. 
Stage II VRS captures gasoline vapors 
when a vehicle is being fueled at the 
pump. The vapors are returned through the 
pump hose to the petroleum storage tank 
instead of being released into the air by 
installing special fuel dispensing nozzles 
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Figure 1.2. 
Roadside emissions 

monitoring in 
Mexico 

(credit: INECC) 
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at the pump. The effectiveness of the 
vapor recovery program, and ultimately the 
quality of the air, depends on correct use 
and functioning of both stage I and stage II 
gasoline vapor recovery systems. 

In Mexico, recovery of gasoline vapor 
from all stages of the distribution chain 
was implemented only in the Mexico 
City Metropolitan Area, starting with the 
installation of floating roofs in the fuel tanks 
at the storage facilities in 1992. Stage I and 
stage II VRSs were implemented by 2000 
[Cruz-Núñez et al., 2003]. A nationwide 
emissions standard is currently under 
discussion by the Mexican government. 

Urban tolling
This is a measure intended to reduce traffic 
congestion; it is based on charging a fee 
to motorists entering the most congested 
areas of a city, or circulating in selected 
roadways during the peak hours. The 
funds are allocated to the maintenance of 
road infrastructure and improving public 
transport.

These kinds of measures have been 
successfully implemented in European 
cities such as London and Stockholm. 
In Latin America, the feasibility of its 
implementation has been evaluated in 
Bogotá, Colombia and Santiago de Chile 
[CAI, 2012].

Replacement of diesel buses 
with hybrid and electric 
models
In some European cities, hybrid and electric 
vehicles are used in public transportation; 
Latin America remains using conventional 
diesel buses.

In Mexico City there are eight trolleybus 
lines, with a total of 290 electric buses (fed 
by catenary), covering a network of 204 
kilometers of public transportation service 
[Gobierno de la Ciudad de México, 2017]. 
Additionally, it has a light rail line, which has 
20 double electric trains coupled, each with 
a maximum capacity of 374 people per unit.

In 2012, a joint study between the C40-
CCI, IDB and the governments of Bogota, 
Sao Paulo, Rio de Janeiro and Buenos 
Aires evaluated the emissions reduction 
resulting from the use of hybrid and 
electric public buses, compared to the 
diesel buses operating in those cities. The 
results indicated that if 300,000 diesel 
vehicles are replaced by hybrid and electric 
technologies, over a period of 10 years a 
savings of 10 million tons of CO2 and 1,650 
tons of PM2.5 [ITC, 2013] would be reached.

Transport unit renewal
In Latin America, the circulation of old 
diesel vehicles is common and due to their 
technological characteristics, have a very 
low environmental performance.

Replacing those old units with newer 
ones that have better technology for 
prevention and control of emissions may 
greatly reduce the emission of pollutants. 
The replacement of the unit must be 
accompanied by the destruction of the 
older one, to prevent its circulation in the 
city or in other parts of the country.

In Mexico the average age of the freight 
units is 18 years, but vehicles of 40 years 
old still circulate [SCT, 2017]. A fiscal 
incentive has been created (15 percent 
of the cost of the vehicle or a maximum of 
250,000 Mexican pesos, depending on the 
vehicle type) applicable in replacing units 
over 10 years old for vehicles less than six 
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years old. By the year 2015, a maximum of 
6,000 units was established to give them 
the incentive and to be replaced by the new 
ones [Gobierno de México, 2015].

Between 2004 and 2014, about 41,150 
units were replaced and destroyed. Initial 
analysis conducted for the replacement of 
14,000 units showed fuel savings of around 
890 million liters of diesel, due to the use of 
newer more efficient technology.

Clean transportation 
program
In Mexico a clean transportation program 
has been implemented; it was inspired 
by the EPA’s Smartway program. The 
program is intended to achieve a reduction 
in pollutant emissions, fuel consumption 
and operating costs for freight. Several 
strategies are used in the program to meet 

the objectives, including training programs 
to motorists to change their mode of driving, 
control speed on road, maintenance of the 
units, delivery logistics, as well as using 
various technologies such as the use of 
natural gas, tractor and trailer aerodynamics, 
wide base tires, low viscosity lubricants and 
use of a weight device of trailer and tractor. 
In 2013, 25,060 tractors were integrated 
into the program and together they have 
reduced their CO2 emissions by 945,000 
tons [SEMARNAT, 2015].

Transport for personnel 
One of the most successful measures is the 
implementation of transport for personnel in 
private companies, whereby the number of 
circulating vehicles is reduced and parking 
space available within the company is 
optimized. 

1.3. Fuel Economy

The promotion of fuel efficiency in the 
transport sector has a great potential to 
boost low emission development. Actions 
that decouple energy consumption 
from economic growth will reduce our 
reliance on fossil fuels and its negative 
environmental impacts by reducing GHGs 
and black carbon. To achieve a greater 
fuel economy in the transport sector it is 
necessary to put in place a set of public 
policies that force economic agents to 
take into account social costs and benefits 
from their consumption and production 
decisions. Accordingly, there are three 
main policy areas that have an impact 
on both the producers and consumers’ 
decisions: 

1. applying stricter regulations on 
emissions and efficiency such as fuel 
economy standards; 

2. implementing stronger green market-
based instruments for consumers to 
have complete information on vehicles 
such as the emission and fuel economy 
labelling and green vehicle guide 
webpages; and 

3. assuring that the fuel prices system 
works properly by gradually removing 
fuel subsidies.

Fuel economy standards, such as the one 
published in Mexico (NOM-163-SEMARNAT-
ENER-SCFI-2013), represent one of the 
main mitigation actions that countries 
could develop to curb their emissions. 
INECC estimated that for the next 20 years 
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the mitigation achieved by NOM-163-
SEMARNAT-ENER-SCFI-2013 could be up 
to 265 million tons of CO2 reduction, gasoline 
consumption reduction of 112.3 billion liters 
and 1,774 tons of avoided BC emissions. 
Health benefits in terms of avoided lost 
working days due to respiratory illnesses 
represent up to 2 million days. The total 
social benefit/cost ratio of the standard is 
positive and greater than 4. However, the 
standards are difficult to enforce and it was 
only possible in Mexico as a result of the 
participation of public and private sectors. 
Around the world, the fuel economy initiative 
50by50, supported by UNEP among other 
organizations, aims to foster fuel efficiency 
and it has recently launched a campaign in 
Latin America with the goal to develop data 
analysis as well as support regional policy-
making efforts.

Consumer information is an important tool 
that has been used to manage fuel demand. 
By informing consumers about technical 
specifications of vehicles, information 
asymmetries between the automotive 
industry and the consumers are reduced. 
Recent information shows that fuel efficiency 
is becoming more relevant for consumers 
when buying an automobile given recent 
trends of increasing fuel prices. In order for 

consumers to be informed and consider 
environmental-related characteristics of 
vehicles when buying a car, labelling 
programs such as the one put in place in 
Chile and the green vehicle guide webpage 
(www.ecovehiculos.gob.mx) in Mexico 
are influencing consumer decisions and 
improving the average fuel economy of the 
fleet. 

Finally, real fuel prices are a good signal 
of relative scarcity of combustibles and 
the social damage arising from their 
consumption. Fuel price increase creates 
an incentive to drive less, buy more efficient 
vehicles and use public transport. Since 
2008, the Mexican Federal Government 
made the decision to reduce the subsidy 
on gasoline to the final consumer. The 
main reason for this policy is the regressive 
approach of the subsidy. This monthly 
displacement system will stop in January 
2015. The following years there will be 
only adjustments for inflation and by 2020 
Mexico will have an open market price 
system. Figure 1.3 shows the historic relation 
between average-vehicle consumption 
and fuel prices since 2002. It is clear that 
both indicators are inversely related, which 
point out that fuel prices largely explain final 
consumption.

Figure 1.3. Fuel 
consumption vs 
gasoline prices
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CHAPTER 2.
Wood Burning 

for Cooking and 
Heating

credit: Mykola Ivashchenko/Shutterstock.com
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According to the World Health 
Organization, indoor smoke from solid 
fuels is among the ten leading causes of 
avoidable deaths worldwide. Data from 
the Global Alliance for Clean Cookstoves 
and other sources show that between 80 
to 160 million people in Latin America and 
the Caribbean are exposed every year to 
polycyclic aromatic hydrocarbons (PAHs) 
associated with biomass burning for 
cooking and heating purposes, particularly 
in rural and peri-urban areas. In countries 
like Nicaragua, Guatemala and Haiti, more 
than 60 percent and up to 90 percent of 
the population respectively uses solid fuels 
for cooking.2 Furthermore, the collection of 
wood as fuel for cookstoves also exposes 
women and children to dangerous personal 
security threats in conflicting regions and 
increases the pressure over the ecosystem 
while consuming the natural resources 
[Jeuland and Pattanayak, 2012].

The exposure to PAHs, mainly due to the 
use of inefficient open fire cookstoves 
inside poorly ventilated households, is 
associated with cancer, pneumonia and 
heart and lung diseases. Several other 
types of components, including carbon 
dioxide, volatile organic compounds 

2.  http://www.cleancookstoves.org/resources/data-and-statistics/

(VOCs), sulfur dioxide (SO2), nitrogen 
oxides (NOx), methane and black carbon 
compose the indoor smoke from solid 
fuels. In addition to the public health issues 
associated with indoor smoke, emissions 
to the atmosphere of carbon dioxide, 
ozone precursors (including methane), and 
black carbon are currently in the center 
of international attention for its capacity to 
affect the climate system [Anenberg et al., 
2013; Bond et al., 2013].

In most LAC countries, the alternative of 
the gas and electricity infrastructure for 
cooking and heating purposes is widely 
extended in urban areas but very limited 
in rural regions. In addition, while some 
rural areas may have access to some 
of these resources, the use of wood is 
still an expression of their culture and 
traditions [Ruiz and Masera, 2015; Masera 
et al., 2015; Berrueta et al., 2008]. In fact, 
families that have access to LPG continue 
using fuelwood on a long-term basis, as 
LPG does not satisfy all the requirements 
of traditional cooking. Therefore, the 
introduction of more efficient woodfuel 
cookstoves that reduces the amount of fuel 
used and the corresponding emissions of 
PAHs and SLCPs is of great importance. 

2.1. Introduction
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2.2. Improved Coosktoves available in 
Latin America and the Caribbean

The introduction of efficient woodfuel 
cookstoves signifies health, economic 
and environmental benefits if properly 
designed, adapted and deployed to the 
communities. Some studies in Mexico 
show a reduction of 61 percent of total 
black carbon emissions when traditional 
stoves are fully replaced by ICS [Masera 
et al., 2012; Christian et al., 2010; Johnson 

et al., 2008]. To pursue the benefits 
mentioned above, several profit and 
non-profit organizations have designed 
improved cookstoves (ICS) to be deployed 
by the governments in Latin America and 
adapted by the communities (see Figure 
2.1). Below is a summary of relevant 
information about ICS available in LAC 
[Wang, X. et al., 2013]. 

Figure 2.1. Photos 
of some ICS used in 

the LAC region: (a) 
and (b)  

Patsari  stoves
 (credit: GIRA A.C.); 

(c) Onil stove

(credit: HELPS Mexico)

(a)

(b) (c)
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Patsari. Developed by the Non-profit 
organization Grupo Interdisciplinario 
de Tecnología Rural Apropiada AC 
(GIRA A.C.). The Patsari departs from 
a modified Lorena cookstove that was 
previously disseminated in the region with 
the following improvements: i) optimized 
design of the combustion chamber and 
tunnels; ii) custom-designed parts for 
durability, including a metal chimney 
support and a ceramic stove entrance; 
and iii) reduction in construction time 
and standardized inner dimensions. The 
cookstove is constructed in approximately 
2 hours with the aid of a metallic mould 
that ensures the critical dimensions are 
maintained. The stove also comes with 
metal ‘‘comales’’ -- pans to place the pots 
-- that are sealed to avoid leaking of the 
smoke. Currently different models are 
disseminated. The most common model 
has one combustion chamber and uses a 
metal comal; it is ideal for cooking tortillas 
and is preferred by mixed fuelwood-LPG 
users. Patsaris include tunnels that conduct 
the combustion gases to secondary 
chambers (or furnaces). Each chamber 
includes baffles to improve heat transfer 
between the comal and the gases. These 
secondary chambers are used for ‘‘low 
power’’ cooking tasks, such as keeping 
food warm or heating water. The body of 
the Patsari is made of a mixture of sand, 
mud, brick, and a small amount of cement. 
All the materials are available locally; 
the custom-made stove parts are also 
manufactured by local small industries 
[Masera et al., 2005]. About 250,000 
Patsaris have been disseminated in Mexico 
in the last 10 years [Berrueta et al., 2015].

Ecostufa. Developed by Manufacturas 
Especializadas Metalicas para la Industria 
de la Construccion S.A de C.V. The stove 
is manufactured off site and its main 
components are: 1) Galvanized steel 

of 1.5 mm thickness with an optimized 
rocket combustion chamber with 12 
in long ignition camera; 2) 40.5 cm x 
61.0 cm “comal” made of cold rolled steel 
of 3.4 mm thickness; 3) 274.3 cm high 
chimney with protective hat on the top. 
The Ecostufa weights 51 kg and easy to 
assemble on site with no special tools.

Ecozoom (La Mera-mera). Developed 
by EcoZoom, LLC. EcoZoom’s Plancha 
rocket is a double burner, chimney stove. 
There are two combustion chambers with 
refractory metal lining that protects the 
ceramic insulation, increases the life of the 
stove, and improves combustion efficiency. 
This stove features EcoZoom’s hinged 
combustion chamber doors enabling for 
an effortless conversion from wood to 
charcoal fuels. Both the main combustion 
chamber doors and the damper doors 
have reinforced metal frames and have 
hinges that serve to securely close the 
doors and regulate airflow. The Plancha’s 
large cast iron plancha (griddle) heats 
evenly and can be used to keep items 
warm after cooking. Cooler to the touch 
than traditional stoves, the Plancha has a 
thick, durable construction to keep cooking 
surfaces safe. Please note that this stove is 
not rated for indoor use.3

Ludée Biché. Developed by Global: 
Transporte Industria y Servicio. The stove 
has been introduced to Mexico through a 
program with the Secretaría de Desarrollo 
Social (SEDESOL) and has been deployed 
across the country. 

Ecocina. Developed by Inversiones 
Falcon, Stove Team International and 
Aprovecho Research Center (ARC). The 
stove burning chamber is developed with 
a Rocket Elbow design. The body is made 
with Insulated Ferro-cement body which 
keeps the exterior cold to avoid burning 

3. http://www.rocket-stove.net/info/Zoom_Plancha_Rocket_Stove
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accidents from users. The removable 
plancha also allows user to cook directly 
with the fire. About 10,000 ecocinas have 
been disseminated in El Salvador.4 

Onil. Developed by HELPS International. 
The stove is constructed off site but 
assembled on site. The cast concrete 
stove body is molded in fiberglass molds, 
providing a fast low cost way of producing 
a long lasting, low cost stove body. The 
body, however only provides structure for 
the stove. The top of the stove is about 40 
cm across and 90 cm long, which provide 
adequate space for two pots and warming 
areas around them. The stove is normally 
mounted on concrete blocks.

Turbococina. Developed by Tecnologías 
Ecológicas Centroamericanas (TECSA) 
based in El Salvador.5 The stove is 
an important combustion technology 
innovation; it works on the principle of 
low-temperature combustion, resulting 
in a drastic decrease in consumption 
of firewood. The stove is comprised of 
a stainless steel cylinder fitted with 10 
air injectors, an internal fan that runs on 
electricity, and a steel plate that regulates 
the amount of air entering or leaving. 

Mimosa, Consentida, and Cuadrada. 
Developed by Salva Bosque Stoves in 
El Salvador. The stainless steel Mimosa 
charcoal stove has a charcoal deposit 
and a griddle where pots can be placed. 
Consentida and Cuadrada fuelwood stoves 
need to be constantly fed small pieces of 
fuelwood, and both employ electric fans. 

Noya Stove. The Noya stove was 
developed by Inversiones Tay. The 
stove was designed with a modern and 
streamlined appearance which appeals 
to women in local communities. The Noya 

4. http://www.stoveteam.org/services/the-ecocina
5. Turbococina, Soter AG & Tecnologias Ecologicas Centroamericanas SA de 

CV. http://www.pciaonline.org/tecnologias-ecologicas-centroamericanas

is a metal box with a chimney that has a 
plancha for tortillas and 2 detachable rings 
to allow pots to be in direct contact with 
the fire. The Noya stove weighs 48 lbs.; 
However, the metal box needs to be filled 
with 100 lbs. of brick and sand which is 
provided by the users. The stove has been 
on the market for 3 years, and 6,000 units 
have been sold.

Justa Metal and Copan Stoves. The 
Justa Metal Stove is one variation of the 
Honduran Justa stove, which was originally 
developed by the NGO Asociación 
Hondureña para el Desarrollo (ADHESA) 
with the objective to support small and 
medium enterprises. The Justa Metal 
Stove is a standalone metal portable 
stove with a combustion chamber that fits 
larger fuelwood sizes, and it has a solid 
metal plancha with no detachable rings 
(in Honduras, stoves that allow cooking 
through direct flame have not been well 
accepted by users). The Justa Metal stove 
comes in two models: one with a square 
plancha, and the other with a rectangular 
plancha. ADHESA has created another 
variation of the Justa Metal Stove that 
includes an oven below the combustion 
chamber in response to user’s requests 
for an oven to bake pizzas or bread.  The 
Copan portable industrial stove was also 
developed by ADHESA and has been 
well received by local women due to its 
clean appearance and fuelwood savings. 
The stove was recently developed to be 
installed quickly and with minimal effort 
in one day. It is a metal box that includes 
a rocket combustion chamber, a metal 
plancha, and a chimney. 

Justa 16x24. Justa was developed by 
the NGO ADHESA and has multiple 
variations. It is very popular in Honduras 
and fulfills the cultural needs of Hondurans 
by having: (i) a plancha, so pots and pans 
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are clean and not exposed to fire, (ii) an 
area for making tortillas, and (iii) an area 
large enough to cook other meals over 
the plancha. The combustion chamber 
opening can take large pieces of fuelwood, 
which is attractive to rural populations 
and women general, because its burning 
process does not require full-time attention. 
The Justa in situ stove has a life span of 3 
to 10 years, depending on maintenance.

Justa 2x3. Developed by Proyecto 
Mirador, an NGO founded in 2004 and 
serving the Santa Barbara region of 
Honduras, Justa 2x3 is a variation of the 
original Justa. Proyecto Mirador provides 
the chimney, plancha, combustion 
chamber, grate, and the service of the 
stove builder; each user contributes the 
base for the stove, the stove frame, which 
can be made either of bricks and cement 
or adobe, as well as additional wood for 
insulation. It is designed to last 5 years. 

Justa Fundeih Stove. Another variation of 
the in situ Justa stove in Honduras is Justa 
FUNDEIH (Fundación para el Desarrollo 
Integral de Honduras). Key modifications 
relate to lowering total cost through in-
house manufacturing of metal stove parts. 
The stoves are given away for free in 
collaboration with government and donor-
driven programs. 

Ecofogón, Mifogón, and Rapidita 

Stoves. Developed by Proleña, a 
Nicaraguan NGO that has worked with ICS 
for more than a decade. The Ecofogón is a 
metal stove that weighs about 100 pounds 
and has a combustion chamber, a metal 
plancha, and a chimney. To date, Proleña 
has distributed about 13,000 stoves 
throughout urban and peri-urban areas of 
Nicaragua where there is high demand. It 
has different industrial variations, including 
the Industrial Ecofogón stove and the 
Tortilleras Eco-fogón. The Mifogón stove 

is a metal stove with a plancha and one 
circular opening for cooking pots over 
direct fire. About 1,300 Mifogón stoves 
were sold in 2001, mostly to agribusinesses 
that buy them for their workers in rural 
areas. The Rapidita stove is a one-plate 
charcoal stove similar to Kenyan stoves 
produced by manufacturers trained 
by Proleña. It is a stove with a ceramic 
combustion chamber and is usually used 
by people cooking food that can be 
made on one burner and mostly by low-
income people living in peri-urban and 
urban areas. Its production is constrained 
by limited manufacturers of the ceramic 
combustion chamber, as artisans can earn 
higher incomes from fashion handcrafts 
than from selling combustion chambers. A 
comal can be placed on stove top to make 
tortillas.

Chapina Stove. Developed by the NGO 
Hombres y Mujeres en Acción developed 
Chapina, an industrial ICS model inspired 
by the Onil model. This donor-driven 
program uses an integrated participatory 
approach that involves local communities 
to raise awareness and promote stove 
construction and maintenance. The NGO 
has provided around 2,000 Chapina stoves 
in 2 years. The Chapina stove weighs 
approximately 200 lbs.; it is installed over 
a block table, and can be used to cook 
for families of 7 to 10 people. Hombres 
y Mujeres en Acción has a production 
capacity of 120 Chapinas per month.

Malena. The Malena cookstoves are 
developed in-situ with local materials and 
have been widely installed across Bolivia 
since 2006 reaching the 389 thousand 
beneficiaries by 2012 through the EnDev 
project in Bolivia in close cooperation 
with the Deutsche Gesellschaft fur 
Internationale Zusammerbeit (GIZ).
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2.3. Evaluation of  
Energy Efficiency  

and Environmental Benefits

The diversity in the design and 
specifications of these available ICS calls 
for more studies that can help investors 
and governments decide which cookstoves 
are more appropriate for the community 
where they will be introduced. Efforts to 
standardize protocols to measure the 
energy efficiency and environmental 
benefits of each design are taking place 
around the world [see e.g., Wang, Q. et 
al., 2013; Jetter et al., 2012; Christian et 
al., 2010; Johnson et al., 2008]. As shown 

in Table 2.1, the published scientific 
information available demonstrates a 
considerable reduction in the emission 
factors of particulate matter that can be 
achieved by the use of ICS in comparison 
to the traditional three stone and open 
fires. When appropriately introduced and 
adapted through ICS programs, this will 
represent a reduction in emissions of 
HAPs and SLCFs from woodfuel stoves, 
thus an important health, economic and 
environmental step forward.

Table 2.1. Mean emission factors (grams of carbon per kg dry wood, g(c)/kilogram).

Stove g(c) CO2/kg g(c) CO/kg g(c) PM/kg g (c) char/kg 

Patsari1 385.33 ± 24.93 13.91 ± 6.94 0.48 ± 0.32 100.26 ± 20.74

Patsari Portátil1 405.53 ± 24.67 11.17 ± 8.35 0.37 ± 0.27 82.92 ± 18.63

ONI1 423.47 ± 9.47 4.421 ± 1.35 0.09 ± 0.02 72.01 ± 8.93

Mera-Mera1 440.91 ± 17.44 15.12 ± 6.05 0.34 ± 0.14 43.61 ± 14.98

Ecostufa1 394.78 ± 11.85 6.13 ± 2.55 0.08 ± 0.08 98.98 ± 10.43

Three stone fire1 363.27 ± 25.05 49.43 ± 9.77 0.94 ± 0.47 86.34 ± 18.83

Open Fire in 
home2

418 ± 19 35 ± 6 8.8 ± 3.1 34 ± 21

Sources [Yuntenwi et al., 2008; Johnson et al., 2008]

LPG cookstoves. When measured by 
total fuel cycle, LPG is a cleaner and 
more efficient fuel than other fossil fuels6. 
Programs to introduce LPG cookstoves 

6. http://carbonfinanceforcookstoves.org/about-cookstoves/cookstoves-and-
fuels/

in LAC have been particularly successful 
in Peru where, by 2014, 287 thousand 
cookstoves have been installed across the 
country.
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2.4. Barriers and Opportunities  
to Implement ICS Programs  

across the LAC Region

There is encouraging scientific information 
about the benefits of the introduction 
and adaptation of ICS as well as positive 
experience with ICS programs around the 
world. Nevertheless, a clear understanding 
of the key aspects needed to operate a 
successful ICS program is still lacking 
due to the metrics of success of an 
ICS program. Currently, the focus of a 
successful ICS program is on the number 
of stoves installed or adopted, instead of 
the sustained use of the stoves. Below 
is a list of factors that have affected the 
successful implementation of ICS programs 
in the LAC region and internationally, 
based on information available.

1. ICS do not entirely replace open fires, 
but are generally integrated into a menu 
of fuels and appliances. This menu 
includes also modern clean fuels such 
as LPG and electricity, which alone, 
have not been able to fully replace open 
fires in rural and peri-urban settings.

2. The success of a program needs to be 
measured by the number of stoves that 
have been adopted and are currently 
used rather than by the number of stoves 
sold or installed.

3. To promote any change in cooking 
habits and devices, social and cultural 
aspects and user preferences need to 
be taken into consideration.

4. An enabling environment is needed for 
cookstove programs to take off.

5. Setting standards is crucial for creating 
markets for ICS.

6. Different marketing models have proven 
to be successful in increasing ICS 
penetration.

7. A portfolio of financial mechanisms 
and incentives tailored to local 
circumstances is needed for a program 
scale-up.

8. Financing projects through carbon 
markets helps sustaining the 
dissemination efforts and focus program 
efforts on stove adoption and use.

Furthermore, based on the factors 
listed above, the enabling institutional 
environment to support and finance new 
and improved products will dictate the 
success of ICS dissemination. Successful 
ICS adoption and sustained stove use will 
require country-based regional campaigns 
to highlight for the general population 
the importance and benefits of using 
ICS. Several international experience 
shows that improved cookstove adoption 
is possible when the wood fuels are not 
readily available; when health issues are 
clearly understood by the whole family; 
when incentives are present to reduce the 
stove front costs; when ICS are adapted 
to local cooking practices; when tangible 
fuel and time savings are proven; when 
ICS implementation do not involve major 
changes in cooking habits; and finally, 
when ICS appeal to the users’ desire for 
“modernity” [Wang, X. et al., 2013] .
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Brick Artisanal industry has been 
an ancient activity, until now has 
an important role into the small 
economies of many communities 
especially in developing countries. 
Although the artisanal brick 
production according to [UNEP/
CCAC 2013],7 are less active 
during the last years, one of the 
main reasons is the implementation 
of mechanized and high energy 
efficient technologies that have been 
adopted by the artisanal industry. 
The most recently world brick 
artisanal inventory demonstrate that 
Asia is the main brick producer with 
approximately 100,000 large-scale 
kilns and India and Bangladesh 
with 2500 kilns, compare to Latin 
America including Argentina, Bolivia, 
Ecuador, Honduras, Nicaragua, 
Brazil, Chile, Colombia, Peru and 
Mexico the total number were 
around 48,000 production kilns 
(EELA 2013).8 

7. http://www.unep.org/ccac/Initiatives/ImprovedBrickProduction/
tabid/794080/Default.aspx

8. EELA Program on Energy Efficiency in Artisanal Brick Kilns in 
Latin America to Mitigate Climate Change. http://www.myclimate.
org/carbon-offset-projects/projekt/peru-energy-efficiency-7907/

Lead authors
Jon Bickel 
(Swisscontact, Peru); 

Jose Abraham Ortínez
(Instituto Nacional de Ecología y Cambio 
Climático, Mexico)

3.1. Introduction

Figure 3.1.  
Loading an open pit 

Kiln in Brazil

(credit: Jon Bickel)
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3.2. Importance of Bricks and  
Tiles Artisanal Industry

Figure 3.2.  
Dome down draft 

Kiln in Brazil

 (credit: Jon Bickel)

Latin American cities have 
a strong Colonial influence. 
Traditional cities such as Bogota, 
Cartagena, Cusco and many 
others still preserve the colonial 
design with brick walls and tile 
roofs. Bricks and tiles play an 
important role as building material 
and are considered as noble 
construction material. In other 
countries such México, Chile, 
Ecuador and others, the artisanal 
industry is settled in rural and peri-
urban areas on leased land, that 
is periodically displaced by the 
urban sprawl and belong to the 
informal economy. Currently the 
artisanal brick industry contributes 
to the informal construction 
that takes an important part of 
the local markets. According 
to official data, 67 percent of a 
total of 9 million housing units in 
Colombia are of informal origin 
and an estimated 15 million 
people live in socially, sanitary 
and ecologically unsustainable 
conditions that cause physical and 
mental health problems as well as 
domestic violence and negative 
environmental impact9. The 
Peruvian Chamber of Construction 
estimates that in Lima 50 percent 
of the houses are informal and in 
some marginal areas this number 
could be as high as 85 percent; 
other Latin American Cities have 
similar trend.

9.  Construya Proyect, Swisscontact Colombia
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3.3. Industrial and Artisanal Producers 
in Latin America and the Caribbean

Industrial brick producers supply mainly 
the formal construction market. Brick 
industries produce usually with industrial 
machinery and use a wide range of 
kilns, which vary from open pit kilns, 
downdraft dome kilns, multiple chambers, 
Hoffman type kilns in various shapes and 
configurations as well as tunnel kilns. 
Figures 3.1-3.5 show some of the kilns 
used in the LAC region.

In Mexico the industrialized brick 
production represents around 10 percent 
of the total amount of clay products 
and attended to the formal construction 
economy. Even with the formal industry, 
there is a lack of information of the process 
and emissions. In terms of black carbon, 
estimations may vary according to the fuel 
used and control of combustion process 
implemented. 

In contrast, artisanal producers usually 
supply the informal construction market. 
The classification of artisanal producers 
established is unclear, but different projects 
use to classify artisanal according to their 
production technology. 

1. Artisanal that produce brick and tiles by 
hand using simple molds. 

2. Semi mechanized producer that use 
simple machinery to mix the clay and 
simple extruders to produce bricks and 
tiles similar to industrial products. The 
bricks are usually fired in open kilns 
of various shapes and sizes. Capacity 
varies from 5,000 to 200,000 bricks per 
firing.10 Emissions can be estimated 
using mass balance since the kilns 
have no stack which permits a proper 
emission measurement.

10. www.redladrilleras.net

Figure 3.3. CEDAN 
kiln multiple 

chambers 

(credit: Jon Bickel)
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Figure 3.4. Measuring 
emissions  

during firing  
of a MK2 kiln 

(credit: Luisa Molina)

Figure 3.5. Measuring 
emissions during firing 

of a traditional kiln
(credit: Luisa Molina)

3.4. Obstacles in the  
Brick Production Sector

Artisanal and even some Industrial producers in LAC use 
fuel with high environmental impact in low energy efficiency 
kilns.11 Wood, tires and plastics, among other fuels, are 
used to fire bricks and tiles, significantly contributing to air 
pollution and deforestation as well as increasing the causes 
of climate change. Despite their important contribution to the 
construction industry and the generation of jobs the artisanal 
brick producers largely operate informally and are generally 
excluded from social, environmental and economic public 
policies. The sector is located at the outskirts of the towns but 
due to growing population and lack of land use planning often 
end up in residential areas. The sector is usually not known by 
the authorities since it is not registered and does not appear 
in the statistics, so many countries do not know the exact 
number of producers. Therefore, opportunities for scaling 
up improvements at the national level must be aligned with 
a systemic approach in order to overcome the major market 
failures such as: 

 � Lack of knowledge by the brick producers regarding 
applicable technological options, benefits and potential of 
conversion.  

 � Low access to credit, financial products are not adapted 
to the reality of the sector and financial institutions are 
unaware of the potential demand for credit and the 
opportunity of business sector.  

 � Technology providers are unaware of the market potential 
and the brick factories business opportunity.

 � Government does not know the sector due to informality 
and missing statistic data.

 � A systemic approach requires:
 � Market analysis
 � Understanding of cost, investments to properly calculate 
the return of investment

 � Technology providers which can supply equipment, 
machinery and construct kilns

 � Financial institutions open for new markets
 � Clear laws and regulations with institutions capable of 
enforcing the application.

11.  EELA, http://www.myclimate.org/carbon-offset-projects/projekt/peru-energy-efficiency-7907/.
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3.5. Improving the  
Brick Production Sector

To improve the brick production sector, 
a sound understanding is needed. 
From the small to the big producer the 
return of investment is crucial. Without 
a reasonable return of investment, no 
future improvement can be promoted. The 
earnings of small producers often do not 
cover the costs of living of the family, so 
loses are compensate with child labor. To 
improve the income of small producers a 
diversification of products is needed. As 
long as all producers compete with the 
same solid brick, the price of the product 
will not permit a fair income. Producers 
are quite aware of the environmental 
impact they cause but have no means 
to reduce it. Emissions such as smoke 
are known but are tolerated due to the 
low income. To improve the sector a 
market driven approach has proven to 

give best results (Figure 3.6). The large 
number of producers have not been seen 
by machinery providers as important 
customers, investments with a fast return, 
such as fans to improve combustion, 
clay mixer, small extruders and later on 
kilns are the driving force to improve the 
sector. In case that financing is needed the 
microfinance institute will find a new group 
of customers, but only if they can properly 
estimate the return of investment and 
reduce the risk.

To reduce emission such as GHG, black 
carbon and criteria pollutants a step by 
step approach is necessary. Starting 
with simple technology which permits to 
improve combustion and reduce emission 
and at the same time save fuel with an 
important cost reduction is a feasible 

Figure 3.6. 
Improvement of 

environmental 
performance

EELA

Market Approach

Brick Producer

Financial
provider

Technology
provider

Provide market 
oriented rules

 and regulations

Decision to invest

Large scale
Improvements

Facilitation

Sustainability

Identification of business opportunities

E�ciencia energética 
en ladrilleras
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way to move the sector towards cleaner 
production (see Figure 3.7). This approach 
need to be accompanied by clear policies 
and emission limits. Institutional capacity 
to enforce law and regulations with a clear 
time frame will drive the sector towards 
the implementation of better kilns, but 
again a fair return of investment is needed, 
otherwise the producers will not be able to 
invest in better technology.

By considering climate change as a 
transversal problem for development and 
by acknowledging the brick producer 
as an actor within a market system, 
EELA (a program financed by the Swiss 
Development Cooperation) recognizes 
that in order to expand its activities it 
must design and execute strategies that 
integrate different stakeholders at the 
national and international level. To this 
end, EELA is supported by a group of 
partners that includes both public and 
private entities with experience in the 
brick sector, in each of the countries in 

which it operates. EELA has also been 
coordinating strategic alliances that allow 
for the promotion and dissemination 
of experiences and the generation 
of synergies on the basis of mutual 
development objectives.12

Actors which promoted 
changes in the sector
As shown in Table 3.1, at the conclusion of 
the EELA Project, 3,625 producers have 
introduced changes in their factories with 
the support of financing institutions to 
implement new kilns. Simple technology 
such as fans was financed directly by 
each producer. The final evaluation of the 
EELA project showed that 3625 producers 
introduced changes to improve energy 
efficiency which permitted to reached the 
goals listed in Table 3.2.

12. http://www.myclimate.org/carbon-offset-projects/projekt/peru-energy-
efficiency-7907/
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Table 3.1. Financial and technical support provided by the EELA program 

Country Producers Service and technology providers Financing entities
Brazil 112 30 3
Bolivia 473 12 5
Colombia 96 27 17
Ecuador 216 35 14
México 2201 33 4
Perú 527 16 4
Total 3625 153 47

Table 3.2. Changes reached by EELA program over 3-year period (2013-2016)

Countries
Reduction of GHG (tCO2) Fuel cost saved (US dollars) Technology

Goal Advance % Advance Goal Advance % advance

Brazil 424,099 494,221 117 4,323,602 2,203,503 51 Kilns

Bolivia 76,846 39,234 51 1,768,446 922,090 52 Fans

Colombia 47,347 148,703 314 743,040 1,708,239 230 Kilns, Fuel 
feeders

Ecuador 26,200 21,502 82 380,600 335,871 88 Fans and 7 
Kilns

México 155,157 182,635 118 2,092,210 7,494,602 358 Fans

Perú 104,136 104,983 101 1,338,449 1,391,360 104 Fans and 
extruders

TOTAL 833,785 991,278 119 10,646,347 14,055,665 132

3.6. Cleaner Bricks  
Production Initiative 

The CCAC is tackling this problem through 
its “Mitigating Black Carbon and Other 
Pollutants from Brick Production” Initiative13 
aiming to achieve significant reductions 
of black carbon and other emissions 
from brick kilns, which are responsible 
for substantial air pollution in many cities 
of the world. To encourage the adoption 
of modern technologies, the initiative is 
working with governments in Asia, Africa, 
Latin America and the Caribbean to 

13. http://www.ccacoalition.org/en/initiatives/bricks

elevate the issue to national and regional 
importance. Under this initiative, the CCAC 
encourages the adoption of integrated 
approaches for cleaner brick production 
technologies through technical assistance, 
overviews of high energy-efficient 
technologies, market analysis, awareness-
raising activities, capacity building and 
training and implementation of pilot 
projects. The initiative is currently working 
in its second phase, which will involve 
regional cooperation in Latin America to 
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share technical knowledge and public 
policy experiences. Training manuals and 
a Policy and Advocacy Network will help 
create a network of experts. The second 
phase will also have a global component, 
the Climate Accounting, Measurement 
and Analysis (CLIAMA), with the objective 
to exchange knowledge between both 

regions and identify synergies in measuring 
and reporting emissions from brick kilns. 
Mexico will conduct activities to follow up 
the assessment made under the first phase 
and will create a business case and a 
market-based pilot project. Colombia will 
create an Assessment and Protocol tool for 
the sector.

3.7. Lessons Learned  
and Opportunities for Outreach

To transform the sector, governments will 
need to have a clear vision on how the 
sector should perform in the future, law 
and regulations without enforcement will 
not drive producers to implement cleaner 
kilns. Technology alternatives need to be 
validated and tested before promotion with 
the producers; it is important to build trust 
with the brick producers. Small innovations 
are then replicated by the neighbors. The 
biggest incentive for small producer to 
invest is the increase of income. The return 
of investment needs to be in a short time, 
for example, the introduction of a fan can 
save more than 30 percent of fuel and so 
reduce the same amount of GHG and be 
repaid in less than 6 months. Technology 
providers recognize new market and start 
to compete.

Fast recovery of investment has little risk. 
If risk is low financial institutions are willing 
to step in, as they see a new business 
opportunity. Small credit allows producer 
to build up a credit record. Climate change 
needs to be considered as a cross cutting 
issue, interventions need to be proposed 
as an opportunity to improve the economy 
and the quality of life of the producers 
under a low carbon development strategy. 
Brick producers are actors in a market 
system, intervention strategies need to 
integrate different actions and policies that 
create value for the brick market. Black 
carbon is a new issue; emissions need to 
be properly quantified. Reducing BC will 
require treating BC similar to the criteria 
pollutants, with measuring equipment and 
protocols introduced in the countries, as 
well as developing economic instrument to 
create market incentives for BC reduction.
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CHAPTER 4.
Livestock Manure 

Management
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In the last decade, the production of beef, 
pork, poultry, and milk in the Latin America 
and the Caribbean region has grown by 
more than one third, far above the world 
average [CEPAL FAO IICA, 2014]. This 
rapid growth has occurred predominantly 
in Brazil, Mexico, Argentina, and Chile. 
While it is partly attributed to high rates 
of land use change from forest to pasture 
and cropland, the more important driver 
has been the introduction of technologies 
and instruments to restrain growth to areas 
already designated for livestock as a 
measure of forest conservation, leading to 
intensified production systems associated 
with increased meat and milk output per 
animal [FAO, 2014]. For rural and peri-
urban communities in LAC, which depend 
on livestock for income as well as food, the 
growth in the livestock sector has been an 
important indicator of economic wellbeing. 

At the same time, the number of livestock 
farms that are de-coupled from agricultural 
land but associated with higher numbers 
of livestock has increased, posing new 
challenges for the management of livestock 
manure. Among these challenges are 

the emissions of two potent greenhouse 
gases, methane and nitrous oxide, during 
manure decomposition. The short-lived 
climate pollutant methane is produced 
during enteric fermentation and manure 
decomposition under anaerobic conditions, 
the latter can take place in manure storage 
and treatment. Nitrous oxide is produced 
during manure decomposition under 
aerobic conditions as well as from nitrogen 
leaching, which mostly occur when manure 
is deposited by the animal or applied as 
fertilizer to pasture or cropland [Gerber, 
2013]. Together, methane and nitrous 
oxide from manure storage, treatment, 
application, and deposition are estimated 
to account for nearly 30 percent of total 
agricultural emissions in the LAC region 
[FAOSTAT, 2014].14

This section presents an overview of the 
key drivers, practices, and policies for 
manure management currently found in 
the LAC region, followed by a closer look 
at some experiences showing manure 

14. Calculation based on FAOSTAT values for CO
2
eq of methane and nitrous 

oxide emissions in 2011 and 2012 of Central America (which includes 
Mexico), South America, and the Caribbean for manure management, 
manure applied to soils, and total agricultural emissions.

Lead author
Andreas Jenet 
(Centro Agronómico Tropical de Investigación y 
Enseñanza, Costa Rica)

Contributing authors
Leah Germer, Oscar Coto, Cristobal 
Villanueva and Francisco Casasola 
(Centro Agronómico Tropical de Investigación y 
Enseñanza, Costa Rica)

4.1. Livestock and  
Short-Lived Climate Pollutants in LAC
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management practices in Costa Rica, 
Argentina, and Brazil that exemplify two 
trends in the region important for manure 
management: the use of on-farm bio-
digesters and the proliferation of feedlots. 

The section concludes with a brief section 
on opportunities and policy options to 
build on current progress in manure 
management by incorporating climate 
co-benefits.

4.2. Manure Management in LAC

Drivers: There is a broad range of 
international and national drivers for 
manure management initiatives in LAC, 
both for different livestock sectors as 
well as for different scales of livestock 
production. Key drivers behind international 
investment in manure management 
activities have been emission reductions 
from agriculture and the promotion of 
anaerobic digestion to produce biogas as 
a cost effective, renewable energy source. 
The CDM in particular has created a 
strong incentive for projects that reduced 
emissions from livestock manure (in LAC 
mainly in the pork sector). Also, both 
foreign governments direct assistance 
programs as well as international 
cooperation agencies and development 
organizations have commonly partnered 
with LAC countries and individual farms on 
rural energy projects. These projects have 
generally aimed to use livestock manure 
as an energy source, bringing value to the 
associated emissions reductions due to the 
avoidance of methane release.

National drivers behind manure 
management initiatives commonly include 
social and environmental concerns about 
the impacts that concentrations of manure 
can have on human health and on land 
and water resources. In such cases, 
manure management is often framed 
as a compliance issue for health and 
environmental regulations. On the other 
hand, the advent of NAMAs and low-
emissions development (LED) has allowed 

manure management to be framed as an 
opportunity, where livestock sectors can 
become more competitive via on-farm 
energy generation from biogas and cost-
savings from improved management of 
nutrient flows.

Methane capture & destruction: Across 
the LAC region, much of national and 
international investment in initiatives related 
to manure management has been used to 
promote the practice of methane capture 
and destruction with on-farm bio-digesters. 
This practice entails channeling animal 
excrement into covered lagoons, where 
it undergoes anaerobic digestion and 
releases methane gas. The methane is 
captured and then either flared off or utilized 
for electricity generation or process heat 
applications. To achieve maximum reduction 
of methane emissions, the distribution and 
disposal of manure from the lagoon must be 
frequent. However, there is a tradeoff in this 
regard between emission reductions and 
the spread of the pathogens that manure 
often contains. While these pathogens can 
be handled with various treatments, the 
simplest option is to allow the manure to sit 
in the lagoon long enough for them to be 
degraded by microorganisms. Therefore, 
it is generally recommended that manure 
storage in lagoons be minimized, but not 
below 30 days [Salgado et al., 2015].

Pig farms have attracted much of this 
investment because they tend to use 
confined production systems with high 
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concentrations of animals, which pose 
particular challenges for managing animal 
excrement, odor, and disease vectors 
[IDB, 2011]. 

In contrast, cattle production tends to be 
extensive and pasture-based, though 
cattle production in some countries such 
as Brazil and Argentina are moving toward 
feedlot systems [Costa Junior et al., 2013]. 

These general trends are reflected by the 
282 LAC projects proposed under the 
CDM sub-category of industrial wastewater 
and animal excrement treatment, of which 
the large majority aim to reduce methane 
emissions from pig farms in Brazil, 
Mexico, and Chile [IDB, 2011]. Initiatives 
to install bio-digesters in livestock farms 
are common in LAC, funded both by 
international development organizations 

Figure 4.1. Medium 
sized dairy farm 

in Atlantida 
(Honduras) 

with a manure 
management 

system following 
a traditional 

sedimentation and 
mixing pit that is 

linked to a biogas 
digester with 

plastic foil collector  
(credit: Andreas Jenet)
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(see Nicaragua’s National Biogas Program, 
funded by the Inter-American Development 
Bank and the Nordic Development Fund) 
and by national governments, for example 
under the umbrella of NAMAs (see Chile’s 
NAMA on Self-supply Renewable Energy] 
[Hivos, 2013; CIFES, 2013].

Closing the nutrient cycle: 75 to 
95 percent of the nutrients contained in 
livestock feed are excreted as manure and 
urine [CCAC, 2013]. Manure management 
thus plays a fundamental role in the 
nutrient cycle, whereby the nutrients 
consumed and excreted by animals are 
returned to productive lands. The organic 
material contained in manure is crucial 

for the creation of soil organic matter, 
in particular for clay-humus complexes, 
and is thus of intrinsic importance for the 
nutrient and water retention on which crop 
productivity depends. The trend in LAC 
toward intensification and confinement 
in livestock production can disrupt this 
cycle of nutrients and organic material 
by de-coupling animals from pasture 
and cropland. In some cases, large 
concentrations of the nutrients contained in 
manure collect in sinks without an existing 
strategy for returning them to the soil 
from where they originated, and creating 
an environmental hazard from potential 
overflow or leakage.

Figure 4.2. Pig 
farmer in Atlantida 

(Honduras) with 
common flush of 
the manure into 
the nearby river. 
This affects the 

environment, the 
odor pressure of 
the surrounding 
community and 

the spread of 
transmittable 

diseases

(credit: Andreas Jenet)
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Manure management practices that 
attempt to close the nutrient cycle, 
especially when they provide an alternative 
to expensive and fossil fuel-intensive 
synthetic fertilizers, are thus widely 
promoted throughout LAC. Examples 
of these practices are slurry irrigation, 
composting, and the drying of manure 
solids for easier transportation and 
application as fertilizer. Slurry irrigation, 
whereby animal excrement is mixed into 
irrigation water and applied as a fertilizer 
via irrigation systems, is the most common 
manure management practice in Brazil 
(Personal communication EMBRAPA, 
2014). In Peru, the agro-export business 
“Grupo Rocio” is currently composting 
organic sheep manure and applying 
it in asparagus plantations (Personal 
communication MINAGRI Peru 2014). 
Some Costa Rican pig farms dry and 

package manure solids into value added 
products, marketing them as organic, 
easily transportable fertilizers and soil 
amendments. In general, practices such as 
these that conserve nutrients in manure for 
application in crop production also reduce 
methane emissions.

Policies: LAC countries generally do not 
have specific sector policies on manure 
management. However, regulations and 
incentives that affect manure management 
are a common component of national-
level environmental and energy policies. 
For example, Mexico’s Special Program 
on Climate Change (2009-2012) set out 
annual emissions reduction targets for the 
livestock sector, to be achieved in part 
by implementing manure management 
measures (p. 42). Brazil’s Sectoral 
Plan on Low-Carbon Agriculture (2012) 

Figure 4.3. Smallholder 
farmer in Muy Muy 

(Nicaragua) with 
manure and kitchen 
waste management 

system. Small biogas 
dome connected fed 
by a dairy barn and 
its outlet connected 

to a simple irrigation 
system for annual 

crops. The gas 
generated was 

supplying the kitchen 
and some living room 

lights and a small 
generator linked to 

a feed mill. Support 
has been delivered by 

Nordic Development 
Fund through the 

international charity 
HIVOS

(credit: Andreas Jenet).
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provides specific targets and budgets 
for the treatment of animal waste, the use 
of biogas as an energy source, and the 
installation of biodigestors (13.6 Program 
6: Treatment of Animal Waste; p. 82 & 
102). Costa Rica’s National Action Plan for 
Climate Change (2012) includes annual 
targets and budgets both for reducing 
methane and nitrous oxide emissions from 
the livestock sector and increasing the 
use of emission-reduction technologies 
by 2021. 

In addition, agricultural and public health 
policies commonly affect manure storage, 
treatment, application, and disposal. 
However, the regulations and incentives for 
improving manure management have been 
characterized as weak, lacking both strong 
incentives for good practices and clearly 

defined penalties for noncompliance. 
Enforcement and good coordination 
between the relevant ministries, as well as 
the harmonization of regulations affecting 
manure management, has also been 
described as poor [CCAC, 2014].

Climate change has created a new context 
for manure management policy making 
in which targets are set for implementing 
specific manure management practices 
or achieving certain emission reductions 
associated with the livestock sector. 
For example, the Mexican General 
Law on Climate Change calls for the 
implementation of manure management 
measures to achieve annual greenhouse 
gas emission reduction targets and 
harness the energy contained in livestock 
excrement [Mexican Law on Climate 

Figure 4.4. Climate Smart Pig 
farm Finca Los Higuerones 

supported by VIOGAS attempts 
to close nutrient cycle, in 

which effluents after being 
digested are let into a pond 

which is planted with algae in 
order to filtrate the water. 

(credit: Joaquin Viques Arias)
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Change, 2012]. Brazil’s Sectoral Plan on 
Low-Carbon Agriculture (Plan ABC) is more 
specific, providing targets and budgets 
for the treatment of animal waste and the 

installation of bio-digesters, as well as for 
the use of bio-digester effluent as organic 
fertilizer in crop production [Brazilian Plan 
ABC, 2012].

4.3. Biogas Development in Livestock 
Production in Costa Rica

Initiatives to install bio-digesters in livestock 
farms have been common in LAC countries 
for several decades. The following 
two initiatives in Costa Rica, one with 
international funding and one with national 
funding, are representative of cases found 
across the LAC region with different levels 
of success. 

Biogas Program of the Costa Rican 

Electricity Institute (ICE): ICE initiated 
its Biogas Program a decade ago when 

the Ministry of Environment, Energy and 
Telecommunications began a countrywide 
promotion of non-conventional renewable 
energy sources (Personal communication, 
ICE, 2014). The Biogas Program began 
with several small pilot projects funded 
jointly by international development 
organizations such as the German Federal 
Enterprise for International Cooperation 
and the Costa Rican livestock producers 
themselves, with ICE providing free 
technical assistance. In 2006, the Biogas 

Figure 4.5. Biodigesters on 
the largest pig farm in Costa 

Rica “Porcina Americana” 
in Cartágo. Biodigesters are 
operated and monitored by 

Biogas Program of the Costa 
Rican Electricity Institute 

(ICE).
(credit: Leah Germer)
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Program accelerated when the Costa Rican 
National Animal Health Service (SENASA) 
passed a law requiring farms to implement 
one of several approved systems of 
manure management within a specified 
period of time, threatening to relocate 
farms that do not comply [SENASA 2006]. 
The law is seen as a response to long-
standing complaints from Costa Rica’s 
growing urban areas about livestock 
waste, especially of pig farms, creating 
unpleasant odors and contaminating rivers 
(Personal communication, MAG Costa 

Rica, 2014). Also in 2006, an international 
funding mechanism called the Alliance for 
Environment and Energy (AEA)15 began 
matching investments in bio-digesters 
and electricity generators made by the 
Biogas Program participants. It was the 
consequent enforcement of the SENASA 
law that stimulated demand for funding 
from the AEA, which over the following 
decade funneled about 0.5 million dollars 
from Finland, the European Union, and 

15. The AEA was initiated at the 2002 World Summit on Sustainable 
Development by the Central American Integration System (SICA) and the 
Finnish Ministry of Foreign Affairs. 

Figure 4.6. Watershed 
Management Commission 

for the River Reventazón 
(COMCURE) sign on a farm in 
Cartágo, Costa Rica showing 

participation in ICE-funded 
watershed management. It 

says “My farm participates in 
watershed management for 
the Reventazón River - ICE”

(credit: Leah Germer).
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Austria into installing bio-digesters and 
electricity generators on large pig, dairy, 
and poultry farms and cooperatives in 
Costa Rica (Personal communication, 
ICE, 2014). The proliferation of electricity-
producing bio-digesters in Costa Rica 
can thus be seen as the result of a 
confluence of drivers, including incoming 
foreign investment in renewable energy, 
urbanization, and public health and 
environmental concern for odor and water 
contamination.

The Watershed Management 

Commission for the River Reventazon 

(COMCURE): For an electricity-generating 
bio-digester to be profitable from ICE’s 
perspective, dairy farms must produce at 
least about 1,000 kg of animal excrement 
per day and pig farms must have at least 
around 1,800 animals. This scale allows 
the producers to reduce their electricity 
needs from ICE by at least 50 percent. 
The Biogas Program thus only provides a 
way for medium- or large-scale producers 
to afford the costs of complying with the 
SENASA law. A manure management 
initiative that benefits small-scale 
producers faced with the SENASA law 
is the waste management plan of the 
Watershed Management Commission 

for the River Reventazón (COMCURE), 
located in the province of Cartago in 
Costa Rica. COMCURE was established 
by law in 2000 in order to coordinate 
efforts to decrease sediment build up 
behind several hydroelectric dams in the 
River Reventazón [COMCURE, 2000]. 
The dams represent almost 40 percent 
of the country’s hydroelectric power, and 
clearing them of sediment (which includes 
solid animal excrement) was costing ICE 
millions of dollars (Personal communication 
ICE 2014). Thus, COMCURE’s waste 
management plan includes measures to 
reduce soil erosion and waste flow from 
farms into the river, such as incentives 
to install bio-digesters. Since 2000, 
COMCURE has leveraged funds from ICE, 
the Ministry of Agriculture and Livestock 
(MAG), and a 0.1 percent water tax paid 
by residents of the Cartago region to fund 
the installation of over 400 biodigesters 
on small-scale livestock farms located 
in the Reventazón watershed (Personal 
communication MAG Costa Rica 2014). In 
contrast to the ICE Biogas Program, the 
driver behind this initiative is thus local 
watershed management, of which methane 
emission reductions has been a positive 
byproduct.

4.4. Spread of Feedlots  
in Argentina and Brazil

LAC is an important region for the 
production of beef cattle, with Brazil, 
Argentina, and Mexico consistently 
among the top ten beef producers and 
consumers in the world [USDA, 2014]. 
While cattle in LAC have traditionally 
been raised in pasture-based systems, 
feedlots have been introduced into the 
region over the last few decades. Feedlots, 

also known as confined or concentrated 
animal feeding operations, are a type of 
animal feeding system characterized by 
high concentrations of animal numbers 
in confined spaces. As world demand 
for milk and meat products rises, most 
of the increase in production to meet this 
demand is expected to occur in feedlots 
[Peterson, 2013]. Using feedlots may 
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become particularly common in some 
LAC countries during the dry winter 
season when pasture is limited, as it allows 
producers to maintain a constant supply 
of beef exports throughout the year [Costa 
Junior et al., 2013].

Argentina: Argentina is second only to 
Brazil in number of heads of cattle, with 
48 million estimated in 2011 [FAO, 2014]. 
Argentinian beef cattle have traditionally 
been fed on grass in extensive pasture-
based systems, with only occasional 
grain supplementation [Arelovich et al., 
2011]. In the 1980s, feedlot systems 
became more common and in 2013 were 
estimated to account for over 50 percent 
of cattle slaughtered in Argentina that year 

[Argentine Chamber of Cattle Fattening, 
www.feedlot.com.ar]. A key driver of this 
trend has been the increase in Argentinian 
soybean exports, which competes with 
cattle grazing for land use [Arelovich 
et al., 2011]. Manure management 
practices on Argentinian feedlots have not 
yet been inventoried. However, a range 
of new legislation and good practice 
guidelines have been developed to cope 
with the rapid transformation from pasture 
to feedlot systems. The National Institute 
for Technology in Agriculture and Livestock 
(INTA) has published guidelines for feedlot 
systems that include detailed information 
and recommendations about manure 
collection, storage, treatment, application, 

Figure 4.7. Collection of slurry and manure mix into sediment 
pits at CATIE farm in Turrialba (Costa Rica) from which solids 

are being separated, while liquid slurry is channeled into the bio 
digester. The energy generated reduces dependencies and cost 
incurred from the public energy grid and provides the farm with 

the potentiality of cooling facilities or milking assistance 

(credit: Cristobal Villanueva).
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and disposal [INTA, 2013]. While anaerobic 
digestion is not mentioned, the use of 
lagoons and drying manure for use as a 
fertilizer and soil amendment are promoted. 
Several feedlots, for example “El Trebol” 
feedlot in the northeast, are currently 
producing manure compost under labels 
such as “Super Compost”, and “Fertil 
Earth,” marketing them as a high quality 
fertilizer and soil amendment that increases 
crop yields [CAF, 2013]. Argentina’s 
National Chamber of Feedlots (CAF) has 
also published a guide for good practices 
that calls for producers to elaborate a 
waste management plan, but without 
recommending specific practices (CAF 
Guide to Good Practices).

Brazil:  Brazil has the most cattle of any 
country in the world, with 213 million heads 
estimated in 2011 [USDA, 2014; FAO, 
2014]. The large majority of the Brazilian 
herd has traditionally been kept in open 
pasture, and though pasture systems 
can be less productive than feedlots in 
terms of meat output per unit input, the 
Brazilian cattle industry benefits from high 
foreign demand for grass-fed, “natural” 
beef [Domingues Millen et al., 2011]. 
Accordingly, almost all of the manure 
management initiatives of the country’s 
main agricultural research organization 
EMBRAPA have focused not on cattle, but 
on animals traditionally kept in feedlots 
such as pigs (Personal communication 

Figure 4.8. Dried manure 
is transportable and can 
be stored with minimum 

nutrient losses. In the farm 
of Mr Leopoldo Fernandez 

in Turrialba (Costa Rica) the 
manure is additionally treated 
with the California Red Worm 

(Eisenia fetida) to process 
compost. Many specialized 

farms trade dried manure 
or compost as an important 

source of income 

(credit: Cristobal Villanueva).
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EMBRAPA 2014). However, the use of 
feedlots in the beef industry has grown by 
about a factor of 4 over the past twenty 
years in response to forest conservation 
policies, attempts to intensify agriculture, 
and increasing foreign demand for beef 
finished on grain [Costa Junior et al., 2013, 
Domingues Millen et al., 2011]. In 2010, 
cattle from feedlots still accounted for only 
10 percent of the total cattle slaughtered 
that year (Personal communication 
EMBRAPA 2014). The manure management 
practice estimated to be most commonly 
used in Brazilian cattle feedlots is storage 
in mounds, and then application to crop 
and pasture as fertilizer.16 This practice is 
reportedly yielding significant economic 
and environmental co-benefits, in that it 
has reduced the need for many feedlots 
to purchase synthetic fertilizers and has 
in some cases led to pasture recovery, 
enhanced soil organic matter, and 

increased crop yields. Feedlots also use 
manure in compost, but rarely treat animal 
excrement in anaerobic bio-digesters 
[Costa Junior et al., 2013].

Due to the numbers and concentrations 
of animals that feedlots contain, their 
capacity to close the nutrient cycles 
associated with manure across the LAC 
region will need to be evaluated. Some 
argue that feedlots have the greatest 
potential of any livestock production 
system for reducing greenhouse gas 
emissions. [Peterson, 2013]. Despite these 
trends, Brazil and Argentina have not 
developed standard manure management 
protocol for feedlots. Research and 
good practice guidelines on manure 
management in feedlots are beginning 
to emerge in both countries, indicating 
future potential for more robust manure 
management initiatives.

4.5. Opportunities and Policy Options 
for Climate Co-benefits

In the LAC region, the availability of 
technology is not the limiting factor in 
improving manure management. It is 
rather that the links between manure 
management, nutrient flows, livestock 
sector competivity, and short-lived climate 
pollutants and other greenhouse gases 
have not been sufficiently articulated. 
Many stakeholders do not demonstrate 
a systemic understanding of the value-
added chain of production, where manure 
and the nutrients and soil organic matter 
that it contains are included in the cost-
benefit analysis of production operations. 
For example, one of the most common 
practices related to manure, methane 
capture with anaerobic digestion, does not 

necessarily utilize the nutrient-rich effluent 
of the bio-digester and thus might not 
induce producers to make the conceptual 
link between manure and nutrient flows.16

Accordingly, key opportunities for 
improvement are information gathering and 
awareness spreading, policy development, 
and stakeholder network-building that 
reflect these links. Information about manure 
management practices that have benefits 
for producers, the climate, and crop and 
pasture productivity thus needs to be 
consolidated and disseminated. Large 
conferences such as the International 
Symposium on Agricultural and 

16. This estimation is from Costa Junior et al. 2013, which surveyed 73 feedlots 
located predominantly in four states that contained 70 percent of cattle fed in 
feedlots in 2010.
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Figure 4.9. At the CATIE 
farm manure is applied 
as fertilizer during the 

vegetative season of 
sugar cane and coffee 
reducing significantly 

mineral fertilizer 
quantities and thus costs 

(credit: Cristobal Villanueva).
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Agroindustrial Waste Management (SIGERA) 
and the Waste Management Working 
Group of the LEDS Global Partnership, 
currently active in southern Latin America, 
provide opportunities to exchange 
knowledge on technical aspects of manure 
management, as well as to link research 
to policy formation. The 2015 SIGERA 
conference alone hosts far over 400 oral 
and poster presentations on agricultural 
waste management. Further opportunities 
for policy development include NAMAs and 
other climate change-related policies, as 
well as regulations and incentives to induce 
livestock sectors to respond to the existing 
drivers for implementing good manure 
management practices. One approach is to 
enact a low-carbon development strategy 
in the livestock sector, as Costa Rica is 
attempting, which provides an opportunity 
for regulators and producers together to 

rethink the way that manure is managed 
[UNEP, 2013]. A second option is to set 
up a regulatory mechanism that requires 
producers with certain quantities of livestock 
to prove that they are using an adequate 
manure management system, thereby tying 
production capacity to the availability of 
resources to close the nutrient cycle. 

Producer associations can support policy 
developments by issuing protocols for 
good practices in manure management. 
The Costa Rican biogas initiatives also 
show that strong stakeholder networks, 
especially at the local level, can be a 
key enabling factor in effecting change. 
Another opportunity for improving 
manure management in LAC is thus to 
foment stakeholder network-building in 
the livestock sectors grounded in the 
relationships between producers and local 
governments. 

Figure 4.10. 
Improved manure 

management 
practice on the 

CATIE farm (Costa 
Rica) was part of 

the Biogas Program 
of the Costa Rican 

Electricity Institute 
(ICE): Digested 

effluents are spread 
together with 

irrigation water 
onto pastures 

after being grazed 
by dairy herds 

thus closing the 
nutrient cycle, 

which could be an 
important factor 
for sustainability 

certification 

(credit: Andreas Jenet).
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CHAPTER 5.
Enteric 

Fermentation in 
Ruminants
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Agriculture contributes about 13 percent 
of the total emission of greenhouse gases 
(GHG) in the world, 50 percent of the 
methane (CH4) and 60 to 80 percent of the 
nitrous oxide (N2O) released [IPCC, 2014]. 
Methane emissions originate mainly 
from enteric fermentation and flooded 
rice cultivation. Latin America and the 
Caribbean countries (LAC) contributes with 
less than 9.1 percent of the total global 
anthropogenic emissions of greenhouse 
gases, this region occupies the forth place 

behind Asia, Europe and North America 
(Figure 5.1). 

Similarly, Figure 5.2 shows that LAC 
region produces 14 percent of the total 
global CH4 emissions [World Resources 
Institute, 2014]. Brazil, Mexico, Argentina 
and Colombia contribute with the largest 
volumes of GHG within the region, 
44.7 percent, 22.8, 13.7 and 7 percent 
respectively. They also contribute with the 
largest amount of methane (Figure 5.3), 
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Brazil occupies the fifth and Mexico the 
eight place on a global scale.  

Ruminants are one the most important 
sources of methane released into 

the atmosphere, they produce about 
33 percent of all anthropogenic emissions 
of methane [Eckard et al., 2010]. Methane 
is a normal by-product of the digestive 
process of ruminants, archae methanogenic 

Figure 5.2. Regional 
contribution of 

methane emissions 
in 2011. 

[Source: World 
Resources Institute, 

CAIT, 2011]
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bacteria use the CO2 and H2 present in the 
rumen, which originate from the microbial 
fermentation of fiber from plants, to form 
methane and reduce the accumulation 
of H2 in the rumen. Methane is not used 
by the animal as a source of energy and 
is eliminated through the lungs during 
respiration or belched into the atmosphere 
[Eckard et al., 2010]. Nevertheless, CH4 
production in ruminants represents a 
loss of energy from the system, which 

can represent up to 7 percent of the total 
daily gross energy intake (Hristov and Oh, 
2013]. Therefore, developing strategies to 
reduce methane production in the rumen 
can on the one hand contribute to mitigate 
the effects of methane on climate change, 
and on the other hand bring economic 
benefits to farmers by making animals more 
efficient in terms of the use of the energy 
from feeds. 

5.2. Progress on Measurement  
of Methane Emission  

from Enteric Fermentation

Currently most of the efforts in the LAC 
region to reduce methane produced 
by ruminants are aimed at quantifying 
emission volumes, defining emission 
factors and calculating inventories, 
whereas little has been done on mitigation. 
This is because it was only until recently 
that governments and scientists of the 
region realized the important role that 
cattle, sheep and goats play in the 
production and emission of large amounts 
of methane into the atmosphere and its 
influence on climate change. In fact, the 
first regional conference on greenhouse 
gases in agriculture took place in Chile 
in 2014. Reviewed literature shows that 
first initiatives to know the magnitude of 
the problem are related with development 
of the facilities and infrastructure, which 
will allow scientists to measure methane 
emissions by ruminants and thus generate 
the baseline information, on which local 
governments can negotiate mitigation 
targets within the current international 
protocols. Reliable emission inventories 
will reduce current uncertainty and allow 
monitoring livestock production systems 

before and after the implementation of 
mitigation strategies, so that reduction 
in emissions can be corroborated and 
effectiveness of the strategy evaluated.  

Generation of local methane emission 
factors for ruminants is an emergent 
challenge for the countries in the LAC 
region because it demands expensive 
facilities, scientific equipment and a 
substantial number of experiments with a 
large number of animals over relatively long 
periods of time that permit an accurate 
characterization of emissions. A review of 
available literature reveals a rather small 
number of studies on the subject despite 
the fact that agriculture and livestock 
sectors are two of the main economic 
activities of the region. One of the first 
studies on methane emission in Latin 
America was conducted in Argentina, a 
country with 51 million of heads of cattle, 
by Bárbaro et al. [2008]. They used 
the sulfur hexafluoride (SF6) technique 
[Johnson et al., 1994] to measure methane 
emission by a group of 14 months of age 
Aberdeen Angus steers, half of them were 
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grazing on native pasture and the other 
half on a cultivated pasture. Cultivated 
pastures were dominated by ryegrass 
and white clover and was carried out in 
a temperate climate region of Argentina. 
Methane production were 227 and 248 L of 
CH4/head/day, respectively and an average 
daily weight gain for both groups of 1.3 kg/
day.  A similar experiment was carried out 
by Bualo et al. [2014] on 20 beef cows 
with an average live weight of 382 kg, half 
of the cows had access for six hours to a 
mixed grass-legume sward and the other 
half receive access to a sorghum sward 
also during six hours.  The SF6 technique 
was also used in this experiment and the 
average methane emisions were 291 and 
234 L/cow/day, respectively. 

In Chile, Muñoz et al. [2012] conducted 
one of the first studies to measure enteric 
methane production by grazing dairy 
cattle. They also used the SF6 technique 
on 24 cows grazing on a ryegrass sward. 
These authors observed that increasing 
level of concentrate supplementation 
from 1 to 5 kg per cow/day, resulted in an 
increment in milk yield and total methane 
production (452 vs 500 L/cow/day, 
respectively), without affecting methane 
production per unit of milk produced. 

In a similar study Herrera et al. [2014] 
evaluated the effect of concentrate 
supplementation on methane production 
by multiparous Holstein cows with an 
average live weight of 597 kg in their late 
lactation stage (15 kg of milk/cow/day) 
grazing on a Lolium perenne sward. These 
authors used the SF6 technique to measure 
methane production and two concentrate 
supplementation levels, 4 and 8 kg/cow/day. 
Like in the previous study, their results also 
showed that increasing levels of concentrate 
resulted in more methane produced as it 
passed from 406 L/cow/day in the cows 
who received 4 kg of concentrate to 449 L/

cow/day in those with 8 kg of concentrate. 
However, in this study less methane was 
produced (P<0.05) per kilogram of total 
mixed ration consumed by the cows in the 
treatment with 8 kg of concentrate than 
in the treatment with 4 kg of concentrate 
(29,5 vs. 33 L of CH4/kg of diet). 

Brazil is a special case because it has the 
largest commercial herd of cattle in the 
world with more than 212 million heads, 
so enteric fermentation from this livestock 
specie is responsible for more than 
73 percent of all anthropogenic methane 
produced in the country [Cerri et al., 2009]. 
This situation may explain why Brazil is one 
of the few countries in the region that has 
invested in the construction and operation 
of respiration chambers to measure 
in vivo methane production and other 
calorimetric studies. For example, a study 
was conducted by Gonçalves de Faria et 
al. [2014] in order to determine the effect 
of the quality of silage made with Bermuda 
grass var. Tifton 85 at different growing 
stages (25, 45, 56, 74 and 90 days) on 
methane production by adult sheep. They 
used 25 sheep with an average live weight 
of 46.5 kg, and the methane emission 
was measured in an open-circuit indirect 
calorimetry system. Their results showed 
no significant differences (P<0.05) between 
treatments for dry matter intake (DM) 
(1081 g of DM/head/day) and methane 
production (23.8 L/head/day). In a similar 
study, also with sheep, Machado et al. 
[2009] evaluated the effect of sorghum 
silage made with three different sorghum 
varieties at three different growing stages 
on methane production. They found that 
methane emission varied from 13.6 to 
24.4 L/head/day, whereas intake varied 
from 832 to 911 g of DM/head/day for 
sheep of 47.5 kg live weight. 

In relation to dairy cattle in the tropical 
regions of Brazil, Primavesi et al. [2004] 
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reported that methane emission by 
Holstein cows grazing on Brachiaria spp 
grass varied from 564, 389, and 294 L/
head/day in lactating cows, dry cows 
and heifers, respectively. In the same 
order dry matter intakes varied from 16, 
12 and 9.5 kg of DM/head/day. They 
also found that methane production in 
Holstein X Cebu cows did not differ from 
the emission factors observed in pure 
Holstein cows, e.g., 463, 413 and 286 L/
head/day for lactating cows, dry cows and 
heifers respectively. However, in a second 
experiment conducted by the same group 
in Brazil, Pedreira et al. [2009] compared 
again the amount of methane produced 
by pure breed Holstein cows vs Holstein x 
Cebu cows. They found that Holstein cows 
produced more methane than crossbreed 
cows, 419 l/day vs 376 L/day respectively, 
despite the fact that both groups of cows 
received the same diet. These results 
suggest that the breed of the cows could 
be an important determinant for methane 
production and should be considered 
when calculating inventories for the region. 

In the case of beef cattle, Demarchi et al. 
[2003] observed emission factors relatively 
lower in Nellore cows compared with dairy 
cows, as they ranged from 143 to 308 L/
cow/day. The same authors also managed 
to reduce methane production to 93.5 L/
head/day in Nellore cows by the addition of 
7 percent of fat in the diet as palm or soya 
bean oil. However, they do not recommend 
the use of palm oil because it has negative 
effects on voluntary intake and animal 
performance. On the other hand, higher 
emission factors were reported by Canesin 
et al. [2014] also in Brazil for Nellore adult 
steers (399 kg of live weight grazing on 
a Brachiaria brizantha cv. supplemented 
with citrus pulp, cotton seed cake and 
urea] than the emission factor reported by 
the former authors in cows. The amount 
of methane produced by adult Nellore 

males ranged from 316 to 355 l/day for an 
average intake of 7.7 kg of DM.

In Mexico the progress on estimating 
emission factors and inventories has 
been limited, there are few studies on 
CH4 emissions from cattle based on in 
vitro studies [González and Ruiz-Suarez, 
1995] and modeling [Castelán et al., 2013], 
which suggest that methane produced by 
the 33 million heads of cattle in Mexico 
is close to two Tg. It was until 2014 that 
the first respiration chamber was built at 
the Universidad Autónoma de Yucatán in 
the south of Mexico (see Figure 5.4). The 
new chamber allowed to measure in vivo 
methane emissions by sheep and cattle 
in the tropical climate region of southern 
Mexico. Results from the first experiments 
carried out in the new chamber suggest 
that methane production for Cebu cattle 
fed tropical grasses ranges from 74 L/
head/day for young animal with an average 
intake of 4.4 kg of DM/day to 348 L/
head/day in dual purpose adult cows. 
Emission factors for sheep vary from 21 
to 34 L/head/day (Ku-Vera 2014, personal 
communication). A second laboratory 
equipped with three respiration chambers 
built in 2016 at the Faculty of Veterinary 
Medicine of the Universidad Autónoma del 
Estado de México (UAEM) permitted to 
generate emission factors for the temperate 
climate regions of Mexico (see Figure 5.5). 
The first emission measurements for high 
yielding Holstein cows of 580 kg of average 
live weight and dry matter intake of 19 kg/ 
day ranges from 662 to 711 L/head/day. 
These values are similar to the 668 L/day 
determined with the use of the dual tracer 
release flux method for grazing cows of 
similar characteristics conducted with a 
mobile laboratory also at UAEM [Castelán 
Ortega et al. 2016].

Finally, the emission factors for Uruguay 
where cattle outnumber people in 3.6 to 
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Figure 5.4. 
Respiration 

chambers of the 
Livestock and 

Environment 
Laboratory at 
the Faculty of 

Veterinary Medicine 
of the Universidad 

Autónoma de 
Yucatán 

(credit: Juan Carlos 
Ku-Vera)
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1 are among the highest in the region. 
For example, Dini et al. [2012] mentioned 
that adult Holstein cows with an average 
live weight of 536 kg fed with grass and 
legumes (76 percent Lolium multiflorum 
and 24 percent Lotus corniculatus) can 

produced up to 521 L/head/day. The high 
volumes may be attributed to a diet rich 
in forages because most of the cattle 
production in the country is based on 
grazing of native and improved pastures. 

5.3. Progress on Mitigation  
of Methane Emission  

from Enteric Fermentation 

Some studies have been carried out in 
the region to reduce enteric methane in 
ruminants by using oils and tanniferous 
plants with variable results. For example, 
in Colombia, Rodríguez et al. [2014] 

evaluated, with the use of the poy-tunnel 
technique [Murray et al. 2007], the in vivo 
effect of the addition of oregano (Lippia 
origanoides) oil on methane production 
by Holstein heifers. It is known that the 

Figure 5.5. Head 
box type respiration 

chamber at 
the Livestock, 

environment 
and renewable 

energies laboratory 
of the Faculty of 

Veterinary Medicine 
of the Universidad 

Autónoma del 
Estado de México, 

Toluca, Mexico 

(credit: Octavio 
Castelán Ortega).
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oregano oil inhibits methanogenesis in 
the rumen by its direct effect on growth 
of archae methanogenic bacteria without 
affecting the degradation of the forages’ 
fiber. They reported no effect (P<0.05) with 
the addition of 25 mg/kg of DM of essential 
oregano oil on methane production (175 L/
head/day) by heifers fed on a basal diet 
composed of 83 percent kikuyo grass 
(Pennisetum clandestinum) and 17 percent 
commercial compound, in comparison with 
those that did not received the oregano oil 
(192 L/head/day). In Argentina, Martínez et 
al. [2014], in an in vitro study, evaluated the 
anti-methanogenic potential of the essential 
oil extracted from four native plants: Aloysia 
gratissima, Lippia turbinata, Schinus molle 
and Tagetes minutas in comparison with 
monensin, an antibiotic that has proven 
its effectiveness in reducing methane 
formation in the rumen. They observed that 
low doses of Tagetes (10 mg) and mean 

doses Aloysia produced an effect similar to 
monensin without affecting the digestibility 
of forage’s fiber. In Mexico Ayala et al. 
[2014] reported that the addition of 450 g 
of DM/head/day of a meal prepared with 
the fruit of the Parota tree (Enterolobium 
cyclocarpum) to the diet of Pelibuey 
x Katahdin sheep reduced methane 
emissions in up to 36 percent in relation 
with the control diet. 

Other strategies to mitigate emission of 
methane from enteric fermentation used in 
LAC include the use of leguminous trees 
and shrubs integrated into silvo-pastoral 
systems, which is believed to be a more 
sustainable way of production compared 
to traditional livestock systems. Trees and 
shrubs improve the nutritional quality of 
the diet of grazing livestock, normally by 
increasing the concentration of protein, 
and help to reduce methane production 
by the effect of secondary metabolites 

Figure 5.6. 
Brown Swiss 

cows browsing 
on Leucaena 

leucocephala trees 
in a tropical climate 

region of Mexico 

(credit: Octavio A. 
Castelán-Ortega).
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such as tannins and saponins present in 
these plants. For instance, Mayorga et al. 
[2014] used the poly-tunnel technique to 
evaluate the effect of Guazuma ulmifolia, a 
shrub legume plant, on methane emission 
by ten months of age and 191 kg of live 
weight Cebu steers. They observed that 
the addition of 30 percent guazuma in 
a basal diet of Panicum maximum grass 
reduced methane emission to 320 L/head/
day in comparison with the control diet that 
produced 368 L/day. The experimental diet 
also increased in 17.5 percent dry matter 
intake. 

The leguminous tropical tree from Mexico, 
Leucaena leucocephala, has also proven 
to be successful in reducing methane 
emission by ruminants in tropical regions of 
LAC (see Figure 5.6). For example, Moreira 
et al. [2013] used the SF6 technique 
to determine the effect of leucaena on 
methane production by Santa Inês lambs 
of eight months of age and a live weight 
of 28 kg. The lambs in the experimental 
group received a diet composed of 
15 percent soya bean meal, 3 percent 
corn and 82 percent leucaena, while the 
lambs in the control group received a 
diet with 71 percent soya bean meal and 
29 percent corn. Results showed that 
leucaena reduced methane production 
by up to 30 percent but also reduce dry 
matter intake, 616 and 820 g of DM/
head/day, respectively. Moreover, high 
levels of leucaena in the diet can increase 
concentration of nitrogen in the urine 
and feces of animals, which later can be 
converted to N2O by the bacteria in the soil. 
Similar results were observed by Piñeiro-
Vázquez et al. [2017] in Mexico where the 
inclusion of 80 percent of leucaena in the 
diet of Cebu cows resulted in 61 percent 
less energy loss as methane than the 
control group cows who received only 

Pennisetum purpureum grass. However, 
in this experiment grass intake was not 
affected as it remained constant at 7.1 
kg of DM/head/day for all treatments. 
Potential of leucaena to reduce enteric 
methane production is promising; however, 
more research is needed before arriving 
at conclusive results, particularly due to 
its effects on animal performance at high 
inclusion levels and its potential production 
of N2O, also a potent pollutant. 

Finally, studies conducted in the temperate 
climate region of central Mexico suggest 
that methane production in high-yielding 
dairy cows can be reduced by up to 
16 percent with the use of Cosmos 
bipinnatus supplemented at low doses 
[Hernández-Pineda, 2016] (see Figure 
5.7). The use of Amaranthus spinosus can 
also decrease in vitro ruminal methane 
formation by up to 20 percent [Mohamed-
Gomaa, et al. 2017]. However, more 
experiments are necessary in order to 
arrive at conclusive results, especially 
in vivo experiments are needed as most 
studies in the region have been conducted 
under in vitro conditions. The experiments 
also need to be conducted over longer 
periods because it has been reported that 
the rumen microbiota becomes adapted 
to the plants’ secondary compounds after 
some time of use [Vercoe, 2015]. Plants’ 
metabolites like tannins but also non-
tannins compounds are responsible for the 
reduction in methane formation through 
their inhibitory effect on methanogenic 
bacteria. This suggests that the anti-
methanogenic bioactivity of plants in the 
rumen may only be temporary, thus more 
research is needed in this area to find 
more specific compounds or a mixture of 
them that are anti-methanogenic and the 
mechanism behind their action.
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The results described above show that there is some variation in methane emission 
factors between countries and even within regions in a country. This variation can be 
attributed to the different diets and cattle breeds used in the experiments, but mostly to 
the measurement techniques used because most of the studies depicted above were 
conducted with indirect methods. The respiration chamber technique remains as the gold 
standard technique for measuring methane emission in ruminants [Knapp et al., 2014]. 
Thus, in order to have better estimates of emission factors and inventories, which can 
be directly comparable, more studies are needed, preferably conducted in respiration 
chambers. 

Figure 5.7. Holstein 
cow grazing on a 
native grassland 

covered with 
Cosmos bipinnatus 

in blossom

(credit: Gloria 
Hernández Pineda). 
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The information presented in the present document suggest that there is the urgent 
need to expand information on emission factors, inventories and mitigation strategies for 
the different ruminant species in LAC countries. This information will serve to guide the 
development of mitigation policies and reduce uncertainty in methane inventories for 
the region. 
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CHAPTER 6.
Agricultural Open 

Burning
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During the last decades, land use and land 
cover changes (LULCC) have undergone 
rapid acceleration due to globalization, 
population expansion, and increased 
technological capacity. The replacement 
of natural vegetation cover by agricultural 
areas has caused the decrease or 
extinction of some native flora and fauna 
and habitat changes [Meyer & Turner, 
1994; Fujisaka et al., 1998; D’Oliveira et 
al., 2011]. According to the Food and 
Agriculture Organization of the United 
Nations (FAO), the world’s agricultural 
area increased by about 10 percent over 

the last fifty years; but in South America 
the agricultural area changed from 440 
Mha in the year 1961 to 614 Mha in 2012 
(Figure 6.1), an increase of 40 percent 
[FAOSTAT, 2015]. Moreover, in Central 
America the agricultural area increased 
approximately 12 percent, ranging from 
111 Mha to 125 Mha between 1961 and 
2012, respectively.

In South America, the Amazon rainforest 
is one of the largest forests in the world 
and encompasses Brazil, Peru, Bolivia, 
Colombia, Ecuador, Guyana, Suriname 

6.1. Introduction

Lead author
Gabriel Pereira 
(Universidade Federal de São João del-Rei, 
Brazil)

Contributing author
Francielle da Silva Cardozo 
(Universidade Federal de São João del-Rei, 
Brazil)

Figure 6.1.  
Agricultural area 
(in Mha) to South 

America and 
Central America 

estimated by FAO 
(include official, 
semi-official or 

estimated data). 

Source: FAOSTAT 
[2015].
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and Venezuela. However, the Program for 
Deforestation Assessment in the Brazilian 
Legal Amazonia (PRODES) developed 
by National Institute for Space Research 
(INPE) estimates that approximately 
408,000 km² of forested areas suffered 
some process of deforestation since 
1988 [INPE, 2015], as shown in Figure 
6.2. Most of the deforestation in the 
Amazon rainforest or in other biomes of 
LAC results from clearing the area for 
planting or grazing cattle. In Brazilian 
Amazon Biome, for example, the main 
activity after deforestation is the soybean 
production and pasturage. In addition, 
the recent expansion of soybean and 
grains are related with LULCC in Chaco 
region and in Brazilian Cerrado. Thus, 
LULCC plays a major role in environment, 
due to changes in connections between 
atmospheric and surface processes, which 
modify the energy balance, precipitation, 
and evapotranspiration [Christopher et al., 
2000]. Calvin et al. [2015] estimated that 
40 percent of the greenhouse gas emission 
in LAC was due to LULCC.

Globally, the removal of crop residues and 
the agricultural shifting are made using 

slash and burn [Yang et al., 2008; Mittal 
et al., 2009; Soane et al., 2012; Sheehy et 
al., 2015], which releases into atmosphere 
a large amount of aerosol particles and 
trace gases [Andreae and Merlet, 2001]. 
The agricultural open burning is commonly 
used in arable areas as a tool for pest and 
weed control, as well as to prepare the 
land for planting [McCarty et al., 2009]. In 
LAC, it is common to use the fire in crop 
areas that produces wheat, soybean, and 
other grains (see Figure 6.3). However, this 
technique affects the soil organic carbon, 
increases the runoff and soil erosion, 
contaminates the watercourses, and has a 
positive climate forcing [Rusu, 2014; Calvin 
et al., 2015]. 

Although the agricultural area has 
increased considerably in the past 
decades, the burning of stubble has 
decreased substantially in the LAC region 
since the 2000s due to investment in direct 
drilling, known as no-till, which seeds into 
untilled soil without removing stubble, 
restrictions on burning, and the use of 
machinery for harvesting [Derpsch, 2008; 
Friedrich et al., 2012; Rusu, 2014], as 
described in the following sections. 

6.2. No-till Agriculture  
in the LAC Region

In the last decades, the countries in 
the LAC region have invested in no-till 
agriculture. In this technique, the crop 
(seeding) are sown into untilled soil through 
a narrow area of sufficient depth and 
width to obtain proper seed coverage 
[Friedrich et al., 2012; Rusu, 2014] 
(see Figures 6.3 and 6.4)

 The no-till technique is an alternative 
to stubble burning; however, the costs, 
technical capacity and cultural tradition 
are the main obstacles for eliminating the 
agricultural open burning that is considered 
faster and more useful by farmers [Nepstad 
et al., 2006; Derpsch et al., 2014]. The 
no-till practice was introduced to the LAC 
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99Agricultural Open Burning

Figure 6.3. Soybean 
agricultural area, 

harvested by machinery 
and without residues 

(bare soil). In contrast, 
on the other side a 
natural vegetation 

burned, indicating that 
the natural area will be 
converted into soybean 
area after all vegetation 

has been removed by 
burning

(credit: Francielle da Silva 
Cardozo)

Figure 6.2. Annual 
deforestation 

rate of Amazon 
Rainforest (1988 – 

2014) estimated by 
PRODES/INPE. 

Source: INPE [2015].
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Figure 6.5. Direct 
sowing of soybean 

on wheat stubble 
in the region of 

Naranja, Santa Rita, 
Paraguay

(credit: Rolf Derpsch). 

Figure 6.4. Direct 
sowing of soybean 

on wheat stubble 
in the region of 
Bellavista, near 
Encarnación in 

Paraguay

(credit: Rolf Derpsch). 
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101Agricultural Open Burning

region in 1970s, mainly in Brazil, Argentina 
and Paraguay (Figure 6.7). 

In 1970, it was estimated that South 
America had approximately 485 Mha of 
agricultural areas; however, this increased 
by 10 percent as a result of deforestation 
and improved technological capacity 
in the beginning of 1980s [FAOSTAT, 
2015]. In the same period, the no-till 
practices in South America covered only 
0.2 Mha, indicating that a large area of 
crops were exposed to fire as a tool for 
stubble removal or agricultural shifting. 
However, no-till practices in South 
America presented a boom since 1990s, 

although the agricultural area increased 
approximately 12 percent during 1990-
2012, the adoptions of no-till increased 
from 1.3 Mha in 1993 to 25 Mha in 2000. 

Table 6.1 shows the estimation of 
agricultural area under no-till techniques 
in South American countries. The no-till in 
South America represents approximately 
65 Mha or 60 percent of total arable 
land of reporting countries [Kassam et 
al., 2014]. Brazil and Argentina lead the 
countries where this technique is spreading 
quickly with 32 Mha and 29 Mha in 2014, 
respectively. The rapid expansion of this 
technique is related to the development of 

Figure 6.6.  The 
photo shows the 

initial stage of 
corn (off-season, 
after the soybean 
harvest made by 
machinery). The 

residue of soybean 
is shown in the soil 

(credit:  
Bruno Silva Oliveira)
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no-till seeding equipment, which satisfied 
the demand of farmers [Derpsch & 
Friedrich, 2009].

Table 6.1. No-till area in South 
American countries in Mha.

Country No-till area  
(in Mha)

Argentina 29.0

Bolivia 0.7

Brazil 32.0

Chile 0.2

Colombia 0.1

Paraguay 3.0

Uruguay 1.1

Venezuela 0.3

Source: Kassam et al. [2014]. 

In South America, Brazil has the largest 
agricultural area that includes current 
crop area or available for expansion, 
such as the new agricultural frontier of 
Brazil (with more than 100 Mha suitable 
for modern mechanized crop agriculture, 
mainly soybean) in Cerrado biome. About 
86 percent of agricultural areas in Brazil 
are using the no-till system, with only 5.1 
Mha using mouldboard ploughing or other 
tilling techniques [FEBRAPDP, 2015]. In 
Argentina about 70-80 percent of total 
agricultural areas use no-till technique 
[AAPRESID, 2015; Peiretti and Dumanski, 

2014]. In Bolivia, due to soil degradation 
by wind erosion and water demand, 
0.7 Mha of agricultural areas uses no-
till technique (estimated in 2007 year), 
mainly in soybean, which represents 
approximately 72 percent of adoption. 
Paraguay and Uruguay also have high 
usage of no-till techniques in agricultural 
areas, with 90 percent and 82 percent, 
respectively. In contrast, in Chile, only 
0.2 Mha of agricultural areas use no-till 
technique, while the other agricultural areas 
(almost 0.5 Mha) are essentially cleared 
by burning. In Colombia and Venezuela, 
about 0.1 and 0.3 Mha, respectively, use 
no-till techniques. However, information 
about advances and adoption of this 
technique is difficult to obtain for Colombia 
and Venezuela [Derpsch, 2008; Derpsch & 
Friedrich, 2009].

In the LAC region, the open burning of 
agricultural areas is decreasing due to 
rapid expansion of techniques that seed 
into untilled soil without removing the 
stubble. However, the main barriers to 
no-till adoption, which include a lack of 
know-how, the availability of appropriate 
machinery and adequate herbicides, and 
policies to promote its adoption, need to be 
overcome in order to achieve much wider 
implementation. 

Figure 6.7. Evolution 
of no-till area in 

Brazil, Argentina 
and Paraguay 

during 1973 – 2014. 

Source: Trigo et al. 
[2009]; Friedrich et 

al. [2012]; AAPRESID 
[2015]; FEBRAPDP 

[2015].
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6.3. Initiatives for Reducing 
Agricultural Open Burning  

in the LAC Region

Several initiatives are being implemented 
to reduce agricultural open burning or 
the expansion of agricultural areas in the 
Amazon forest. One of the well-known 
examples in Brazil is the 2007 Agro-
environmental Protocol, also known as the 
Green Protocol [SMA, 2016], a voluntary 
agreement between the São Paulo State 
Government and the Brazilian Sugarcane 
Industry Association (UNICA). 

Although the Brazilian legislation prohibits 
the use of fire in forests and other 
vegetation, it is still common for farmers to 
use this tool to clear forested areas and to 
facilitate sugarcane harvest. In sugarcane 
areas, fire is used to eliminate up to 
30 percent of the sugarcane biomass that 
includes dry and green leaves, which is 
harmful to the  environment and the health 
of the people working during the harvest 

[Rudorff et al., 2010]. Currently, the Sao 
Paulo State Justice sentenced sugarcane 
producers to pay an indemnity equivalent 
to 2000 liters of alcohol per hectare 
eventually burned. However, assigning the 
burning event to the farmer is difficult due 
to several factors, such as arson or even 
accidental burning. 

To decrease stubble burning, the Agro-
environmental Protocol introduced phase-
out deadlines for sugarcane stubble 
burning practice according to terrain slope 
and reduction of manual harvesting. The 
protocol also included the improvement 
techniques to decrease soil and water 
resources degradation, protection of 
riparian forests, recovery of sources, and 
reduction of aerosol and trace gases 
emissions, among others. 

Figure 6.8. Total 
area of Sao 

Paulo sugarcane 
production (in Mha, 
dark grey) and the 
area of sugarcane 

with straw burning 
(light grey). 

[Source: Rudorff et al., 
2010].
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The Protocol established that sugarcane 
cultivation areas with slope less than 
12 percent have to eliminate the stubble 
burning by 2014. In addition, the sugarcane 
cultivation areas with slope greater than 
12 percent have to eliminate the stubble 
burning by 2017. However, official deadline 
to eliminate the burning of sugarcane 
stubble is 2021 and 2031, respectively. 
Figure 6.8 shows the sugarcane cultivated 
areas in Sao Paulo State between 2006-
2012. During this period, the sugarcane 
areas cultivated in Sao Paulo State 
increased by 45 percent. In 2006, the 

areas with stubble burning was 2.13 Mha, 
which represents approximately 66 percent 
of total cultivated area. With the adoption 
of the Protocol, the areas in which fire is 
adopted has decreased to 1.27 Mha, about 
27 percent of total sugarcane cultivated 
area. Furthermore, with restrictions on 
burning, the number of properties that uses 
machinery for harvesting has increased 
considerably. Nationally, a federal decree 
prohibits pre-harvest field burning as 
of 2018 on large farms that can be 
mechanized.
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7.1. Introduction

In Mexico, 2,477 municipal wastewater 
treatment plants (WWTP) across the nation 
provide an installed capacity of 178 m3/s 
[CONAGUA, 2016]. The wastewater that 
is collected from the sewage represents 
91 percent (212 m3/s] of the total municipal 
wastewater of the nation but only 
57 percent (121 m3/s) is treated. The most 
used wastewater treatment systems in 
the nation by number are: i) stabilization 
ponds (35 percent); ii) activated sludge 
(conventional and extended aeration; 
30.1 percent); and iii) upflow anaerobic 
sludge blanket (UASB) with 7 percent. 
These three technologies are 66 percent 

of the total WWTP across the country 
[CONAGUA, 2016]. Nevertheless, in terms 
of the total volume of treated wastewater, 
activated sludge represents the 
preponderant treatment with 55 percent, 
followed by the stabilization ponds with 
12 percent. With the exception of Chile and 
Brazil that have predominantly adopted 
activated sludge or UASB, respectively, 
the distribution of treatment technologies 
in Mexico is similar across Latin America 
[Noyola et al., 2012]. Figures 7.1 to 7.4 
illustrate the different technologies used for 
wastewater treatment. 

Figure 7.1. 
Stabilization pond 

in a municipal pond 
treatment system

(credit: Guadalupe 
Paredes).
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Figure 7.2. Sludge 
anaerobic digesters 

at Guadalajara 
treatment plant

(credit: Guadalupe 
Paredes).

Figure 7.3. Municipal 
activated sludge plant using 

the modality of oxidation 
ditch in Chapala Lake

 (Credit: Juan Manuel Morgan).
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In terms of the geographic coverage, no 
official up to date data is available; however, 
it is estimated that municipal wastewater 
treatment is provided only for 56% of 
the collected sewage (38% of the total 
municipal or domestic wastewater produced 
in the region), based on data from official 
documents of 6 representative countries 
in Latin America - Argentina, Brazil, 
Chile, Colombia, Mexico and Peru - with 
76 percent of the region’s total population. 

It is evident that the sector confronts 
an important delay in infrastructure for 
treatment and sewage recollection. In 
addition, the existent WWTPs show very 
different quality of operation and some 
of the smaller installations have been 
abandoned. Therefore, the national 
standards are not attained despite the 
important investments in the sector. 
Such precarious situation is evidence 
of the long path that remains to follow in 
Latin America to reach full wastewater 

treatment. The Development Bank of 
Latin America (Corporación Andina de 
Fomento, CAF) estimates that an annual 
investment of $1.66 billion dollars during 
the period of 2010 to 2030 will be required 
to reach 64 percent treatment of municipal 
wastewater in Latin America [CAF, 2012].

It is important to highlight the new policy 
adopted by CONAGUA (Mexico National 
Water Commission) to stop and delay 
the investments in new technologies and 
installations for wastewater treatment 
plants; the policy will be followed until the 
cause for the faulty operations in part of the 
infrastructure is identified. Understanding 
the situation and proposing measures 
to recuperate and maintain the current 
systems is a priority for the Mexican 
government.

Wastewater treatment plants are systems 
that remove pollutants, thus, they are 
necessary to protect the environment 

Figure 7.4. Up-flow 
anaerobic sludge 

blanket reactor 
for municipal 

wastewater in 
Nicaragua

(credit: Juan Manuel 
Morgan).
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and public health. Nevertheless, if 
the treatment plants are not correctly 
conceptualized, designed, maintained 
and operated, they can turn into elements 
with substantial environmental impact. 
The environmental impact is due to high 
content in organic matter, pathogens and 
other bacteria released to water bodies that 
are commonly used for irrigation of crops 
and gardens in the surrounding areas. 
Furthermore, release of methane gas 
increases in the poorly operated treatment 
plants and contributes to climate change.

The presence of methane in the sanitary 
systems exists due to the anaerobic 
decomposition of organic matter in the 
absence of oxygen. The decomposition 

could take place in the sewage, pumping 
systems, preliminary treatment and the 
biological reactor, fundamentally, if this is 
anaerobic. During the anaerobic treatment, 
methane capture and management 
are essential to avoid its release to the 
atmosphere. On the contrary, in the 
aerobic system, the presence of methane 
indicates malfunction of the biological 
reactor due to a faulty design or incorrect 
operation. The malfunction can emerge in 
the settling tank, aeration tank and sludge 
management system. On such systems, 
emissions of nitrous oxide (N2O) should 
also be considered due to its high global 
warming potential (GWP: 310), especially 
when the process incorporates biological 
removal of nitrogen. 

7.2. Identified Mitigation Actions

The baseline for any mitigation policy in 
the water sector is to implement energy 
efficiency measures, either for existing or 
future systems. This should be regarded 
as a high priority mitigation action, mainly 
for areas with electricity generation based 
on fossil fuels. In fact, urban water systems 
are energy intensive, mainly at pumping 
stations and wastewater treatment, 
resulting in clear opportunities for GHG 
mitigation (indirect CO2 emissions).

In addition, biogas recovery for electricity 
production is a major mitigation action 
for conventional activated sludge WWTP 
with anaerobic sludge digesters, the case 
of medium and large size facilities (see 
Figure 7.5). This approach not only reduces 
the global warming contribution from 
methane by burning, but also substitutes 
electricity from the grid, representing 50 to 
60 percent of the total energy consumption 
in large treatment plants [Arnaud and 
Gricourt, 2015].

In the case of some developing countries 
with warm climate, direct anaerobic 
sewage treatment has been adopted and 
increasingly applied, mostly based on 
UASB reactors. However, a recent survey 
in Latin America [Noyola et al., 2012] 
identified that nearly 60 percent of the 
sewage treatment capacity is still provided 
by activated sludge (extended aeration 
and conventional) processes, based on 
a sample of 2,734 WWTP in six countries 
(Brazil, Chile, Colombia, Dominican 
Republic, Guatemala and Mexico).

The adoption of direct anaerobic process 
for sewage treatment in developing 
countries is based on a more sustainable 
option facing conventional activated 
sludge or low cost stabilization ponds. 
Conventional activated sludge is applied 
in large facilities while stabilization ponds 
systems are used in medium size or small 
cites, with land availability. The extended 
aeration process has been extensively 
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used in small size WWTP, due to the 
lower sludge production, but in turn, it 
has high electricity consumption, resulting 
in significant indirect CO2 emissions. In 
general, activated sludge is a compact, 
energy intensive technology, while 
stabilization ponds are land-extensive 
technologies with very limited operational 
costs. However, this process has a 
major disadvantage in terms of methane 
being vented to the atmosphere without 
burning. In contrast, the UASB reactor 
also has low energy needs and includes 
an arrangement for biogas capture and 
burning, still being a compact technology 
and requiring a very small footprint, an 
important advantage for urban areas. 
However, the use of direct sewage 
anaerobic treatment is limited to warm 
climate regions, with water temperatures 
above 20°C. Also, a post-treatment step 
is needed in most cases, considering 
its lower effluent quality if compared to 
aerobic processes [von Sperling and 
Chernicharo, 2005].

An additional advantage of the anaerobic 
option for sewage treatment is related to 
adaptation to climate change, as some 
expected impacts are water temperature 
rise as well as a more concentrated 
sewage, particularly in regions with 
water shortage. Both expected changes 
in sewage characteristics would favor 
the anaerobic processes, while being 
detrimental to aerobic systems.

A drawback of direct anaerobic sewage 
treatment is that 20 to 30 percent of the 
methane produced in the process is lost 
as dissolved gas in the effluent [Noyola et 
al., 1988; Souza et al., 2011]. Depending 
on whether a post-treatment is considered, 
this may be a direct emission of GHG. Also, 
biogas produced in small anaerobic WWTP 
cannot be used for energy purposes, due 
to the low production as a result of the 
limited flow and amount of organic matter 
in conventional sewage (400 to 600 mg/L 
of chemical oxygen demand, COD) that 
make this an economically and technically 
unfeasible option. In these cases, biogas 

Figure 7.5. The 
flare burning 

biogas from sludge 
anaerobic digesters 

at Chihuahua 
treatment plant

(credit: Guadalupe 
Paredes).
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should be burned in order to reduce 
the GWP of these emissions; however, 
this may not be the case in very small 
facilities, even if the equipment is installed, 
due to neglected operation that usually 
accompanies this kind of infrastructure in 
developing countries [Noyola et al., 2012].

In order to overcome this limitation of 
small anaerobic WWTP, administrative 
and technical measures should be taken. 
This is a relevant issue considering that 
67 percent of the WWTP in Latin America 
are small (design flow less than 25 L/s) 

and 34 percent very small (less than 5 
L/s) according to the survey of Noyola 
et al. [2012]. Improved management 
and training should be the focus of a 
support program for small municipalities 
or operators, regardless of the type of 
treatment process. Moreover, research and 
technology development efforts should be 
encouraged in order to provide small and 
reliable biogas burners and co-generation 
units to operators of small anaerobic 
facilities, as well as simple means for 
capturing or degrading the dissolved 
methane in the effluent.

7.3. Life Cycle Assessment  
for Identifying more Sustainable, 

Lower Carbon Footprint Sewage 
Treatment Technologies

In order to provide solid basis for a more 
sustainable wastewater treatment selection, 
Noyola et al. [2013] developed a Life Cycle 
Assessment (LCA) of the already mentioned 
representative municipal wastewater 
treatment technologies in Latin America. 
The study considered nine representative 
scenarios: Small flow, 13 L/s (extended 
aeration, stabilization ponds, UASB followed 
by a trickling filter); medium flow, 70 L/s 
(extended aeration, stabilization ponds, 
UASB followed by an aerobic pond); and 
large flow, 620 L/s (conventional activated 
sludge, stabilization ponds, UASB followed 
by activated sludge). 

Based on GWP impact category, the 
results showed that stabilization ponds 
have the higher environmental impact due 
to methane venting. Extended aeration 
is the technology that contributes in 

second place to GWP due to the indirect 
emissions generated by electricity demand 
in the aeration tank. The contribution of 
conventional activated sludge is methane 
from the anaerobic sludge digesters and 
electricity for aeration purposes. However, in 
this case, co-generation can be an asset for 
reducing the electricity consumption from 
the grid and diminishing the overall GWP 
impact of this technology. Finally, UASB 
showed the lower GWP impact, considering 
that an efficient methane capture and 
burning is provided. The reason for a better 
environmental performance of the UASB 
is the low energy needs and the limited 
amount of excess sludge. In fact, LCA 
showed that sludge disposal is a relevant 
contributor to GWP due to the fuel used for 
transportation to sanitary landfills, and the 
corresponding methane emissions in those 
final disposal sites.
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A policy to facilitate the adoption of 
anaerobic treatment technologies for future 
sewage treatment facilities in developing 
regions may be an attractive “low hanging 
fruit” measure [Noyola et al., 2016]. 
This would reduce GHG emissions from 
the water sector, accomplishing at the 
same time lower capital investments and 
reduced operational costs, if compared 
to conventional full aerobic treatment 
options. In the case of Mexico, adopting 
this kind of policy would result in a proper 
selection of treatment technologies for 
future facilities, capitalizing the opportunity 
for contributing to the ambitious national 
reduction goals of greenhouse gases 
emissions in Mexico (30 percent reduction 
in 2020 and 50 percent in 2050, the base 
line being year 2000) according to National 
commitments [SEMARNAT, 2013].

In order to support decision making for 
more sustainable treatment systems in 
Mexico, five technology scenarios were 
analyzed for achieving 100 percent 
treatment coverage of collected sewage at 
year 2030. The baseline for comparative 
purposes was a “business as usual” 
scenario. With this methodology, the 
currently applied technologies, as well 
as full aerobic and a combination of 
anaerobic treatment followed by aerobic 
post-treatment were considered. Noyola 
et al. [2016] present a detailed description 
of this work. In summary, GHG emission 
reduction from sewage treatment in 
Mexico could be as high as 34 percent if 
compared to the baseline scenario. This 
would be accomplished if future facilities 
are based on combined anaerobic-aerobic 
processes with 95 percent methane 
burning efficiency, 50 percent dissolved 
CH4 recovery, and electricity cogeneration 
in facilities with treatment capacity above 
500 L/s. In this case, if production of 

electricity is not considered, the reduction 
of GHG emissions is limited to 14 percent. 
Clearly, the impact of biogas recovery for 
electricity production is highly significant 
for GHG emissions reduction. 

In addition, the anaerobic-aerobic scenario 
is a marginally better option if compared 
to the full aerobic one, as it reduces 
4 percent the GHG emissions for year 
2030 (reduction of 14 and 10 percent, 
respectively, relative to baseline). This 
small difference increases to 27 percent 
if methane is used for in situ electricity 
cogeneration in larger facilities, as 
mentioned.

The anaerobic-aerobic scenario would 
result in slightly lower emissions in year 
2030 (10,277 Gg CO2eq.) if compared to 
those produced 40 years back from this 
activity (10,500 Gg CO2eq.). However, 
if biogas is used for cogeneration in 
anaerobic-aerobic processes, the 
amount of CO2eq. in year 2030 would be 
75 percent of the one produced in 1990. 
It should be mentioned that at that time 
treatment coverage of collected sewage 
was limited to 20 percent.

A rough estimation of the required capital 
cost showed that adopting the anaerobic-
aerobic scenario instead of the full aerobic 
one, would represent significant investment 
savings (at least 10 percent). More 
significant saving would result in operation 
and maintenance (around 40 percent of the 
annual expenditures on these items). 

Finally, it should be noted that the 
estimation of GHG emissions for each 
scenario was done with the methodology 
proposed by the IPCC, based on default 
emission factors. It is known that emissions 
may vary according to site characteristics, 
so there is a need to determine emission 
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factors for each country or region, 
considering specific conditions at least 
for the most representative wastewater 
treatment technologies. Paredes et al. 
[2014] have presented the first data on 
this subject for Mexican facilities based 

on stabilization ponds. As a result, more 
precise GHG emission inventories from 
wastewater treatment could be calculated, 
allowing the identification of better 
supported and more effective mitigation 
strategies in developing countries. 
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CHAPTER 8.
Municipal 

Solid Waste 
Management
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The municipal solid waste (MSW) sector is 
the third largest source of anthropogenic 
methane emissions, generating 800 million 
tons of CO2eq annually worldwide 
[CCAC, 2014]. It is also a significant source 
of black carbon and carbon dioxide, a 
consequence from open burning and 
waste transportation. 

MSW management is generally comprised 
of a chain of activities that begins with 
waste collection and waste transportation, 
incorporates treatment processes, and 
technically ends with final disposal of MSW. 
Treatment and final disposal processes 

include landfilling (see Figure 8.1), recycling 
plants, incineration, anaerobic digesters 
and composting, all of which have their 
advantages, disadvantages and health and 
environmental impacts.

The Inter-American Development 
Bank (IADB), the Pan American Health 
Organization (PAHO) and the Inter-
American Association of Sanitary and 
Environmental Engineering (AIDIS) have 
jointly conducted regional evaluation of 
urban solid waste management in Latin 
America and the Caribbean. The latest 
report in 2010 declared that many countries 

Lead author
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8.1. Introduction

Figure 8.1. Landfill 
gas combustor 

Aguascalientes, 
México. 

Source: 
[Bernache,2012]
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in the region have shown significant 
advances on the MSW management since 
2002 (previous report), mainly in collection 
and final disposal that have improved in 
many countries, yet advances on waste 
reduction and recycling are incipient and 
the LAC region is still behind in areas such 
as selective collection, compost and biogas 
recovery [BID-AIDIS-OPS/OMS, 2011].  

This chapter provides a general overview 
of MSW management in the LAC region 
from waste generation to final disposal. The 
current situation on existing legislation and 
relevant policy measures in the region, as 
well as recent advances and successful 
projects in some countries regarding 
waste utilization as alternative energy 
are presented.

8.2. General Overview of Municipal 
Solid Waste Management

The LAC region is highly urbanized, having 
about 79 percent of its population living in 
cities. In 2010 the average MSW generation 
was 0.93 kg per person per day; the 
values range from a waste generation in 
Bolivia of 0.49 kg/person/day to a high 
generation in Chile of 1.25 kg/person/day 
[BID-AIDIS-OPS/OMS, 2011]. The World 
Bank reported, in 2012, an average waste 
generation per capita in the LAC region 
of 1.1 kg/person/day with values ranging 
from 0.1 to 14 kg/person/day (see Table 1) 
[Hoornweg and Bahda-Tata, 2012]. The 
MSW management depends on the waste 
generation pattern, which varies between 
countries and regions. In many cases, 
generation of wastes is very different 
between municipalities of the same 
country.

Along with population growth, the amount 
of solid waste generated by country has 
been increasing in the LAC region. In 2012 
the amount of MSW produced was 437,545 
tons per day. The World Bank projects that 
municipal solid waste streams will nearly 
double worldwide by 2025 [Hoornweg and 
Bahda-Tata, 2012]. 

Figure 8.2 shows the common composition 
of MSW, which is categorized in organic, 

paper plastic, glass, metal and others. 
The others include textiles, leather, rubber, 
multi-laminates, e-waste, appliances, 
ash, and other inert materials. Organic 
waste comprises 54 percent of MSW, 
with lower and upper limit of 14 percent 
and 69 percent, followed by paper 
(16 percent), plastic (12 percent) and 
other wastes (12 percent) [Hoornweg and 
Bahda-Tata, 2012].

The MSW of over half of the population in 
LAC are being landfilled, the remaining 
MSW does not receive any adequate 
final disposal [BID-AIDIS-OPS/OMS, 
2011]. In recent years, although collection 
coverage has increased, practices such 
as reduction, recovery and recycling (3Rs) 
are still under-developed, not to mention 
anaerobic digestion or incineration with 
energy recovery that have given excellent 
results in other parts of the world [Mata-
Alvarez et al., 2000; Kreith, 2002]. Despite 
being excessively polluting, obsolete and 
prohibited in most developed countries 
[UNEP, 2010a, b], open burning of MSW 
is still a very common practice in some 
municipalities in the LAC region.
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Table 8.1. Generation per capita of urban solid waste in Latin America  
and the Caribbean

Country

Waste generation per capita 
(kg/person/day)

BID-AIDIS-OPS/OMS
2011

Hoornweg and Bahda-Tata  
2012

Antigua and Barbuda - 5.50
Argentina 1.15 1.22
Bahamas - 3.25
Barbados - 4.75
Belize - 2.87
Bolivia 0.49 0.33
Brazil 1.00 1.03
Chile 1.25 1.08
Colombia 0.62 0.95
Costa Rica 0.88 1.36
Cuba - 0.81
Dominica - 1.24
Dominican Republic 1.10 1.18
Ecuador 0.71 1.13
El Salvador 0.89 1.13
Grenada - 2.71
Guatemala 0.61 2.00
Guyana - 5.33
Haiti - 1.00
Honduras - 1.45
Jamaica - 0.18
México 0.94 1.24
Nicaragua - 1.10
Panama 1.22 1.21
Paraguay 0.94 0.21
Peru 0.75 1.00
St. Kitts and Nevis - 5.45
St. Lucia - 4.35
St. Vincent and the Grenadines - 1.70
Suriname - 1.36
Trinidad and Tobago - 14.40
Uruguay 1.03 0.11
Venezuela 0.86 1.14
LAC 0.93 1.10
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8.3. Waste Collection,  
Separation and Transport

The collection of waste is a difficult task 
in urban environments due to the intrinsic 
differences from generation sources 
found in cities: residential, parks, streets, 
commercial and industrial. Each of these 
sources has different composition of 
wastes and geographical distributions 
[Theisen, 2002].

In Latin American and the Caribbean, 
approximately 50 percent of the waste 
generated is not adequately disposed, 
although collection coverage has increased 
in recent years. The main difficulties 
have been observed in urban slums of 
large cities or in areas of difficult access 
[BID-AIDIS-OPS/OMS, 2011]. In Rio de 
Janeiro, the slums, known as ‘favelas’, have 
received small size vehicles to access such 
difficult areas. Motorcycles equipped with 
basket and low capacity trucks facilitate 
the waste collection [CCAC-Rio, 2015]. 
Wastes are transported to transfer stations 
and material recovery facilities operated 
by recyclables picker cooperatives that 

manually sort materials. These employ 
about 160 people from neighboring low-
income communities.

Daily waste collection is available to 
45 percent of Latin-Americans, 53 percent 
receive the service 2 to 3 times a week, 
and less than 2 percent have their wastes 
collected once a week. Bad waste 
practices such as burning and open 
dumping diminish according to a better 
collection system [BID-AIDIS-OPS/OMS, 
2011]. Some of the wastes in LAC are 
burned, disposed into water bodies or 
used as animal feed, as well as other non-
recommended practices (see Table 2). 

Transport equipment in LAC is up to 
1.31 vehicles per 10, 000 habitants, one 
third of them are over 10 years old, and 
approximately 58 percent of the fleet 
have compacting system [BID-AIDIS-
OPS/OMS, 2011]. Current costs for 
MSW solid waste collection are shown 
in Figure 8.3. The countries with the 
highest costs are Argentina, Brazil and 

Figure 8.2. Waste 
composition in Latin 

America and the 
Caribbean Region 

[Based on Hoornweg and 
Bahda-Tata, 2012].
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Uruguay. Approximately 50 to 70 percent 
of the solid waste management expenses 
(collection, transport, processing, recycling 
and disposal) is used on collection 
operation. Therefore, a small percentage 
of improvement in collection activity can 
significantly affect savings in the overall 
management cost. Waste reduction 
legislations are an effective way to reduce 
disposal prices [Theisen, 2002].

Most of the MSW collected is commingled 
(unseparated), thus organics and 
inorganics are carried together to its 
treatment and final disposal. Regarding 
residential waste, it is usually collected 
curbside and door-to-door. Street waste is 
collected either by manual and mechanical 
sweeping, accounting for 75.3 percent 
and 7.1 percent, respectively, of the total 
coverage of 82.3 percent. The organic 
fraction of the municipal solid wastes 
generates several problems [BID-AIDIS-
OPS/OMS, 2011], such as methane 
emissions when the waste is disposed in 
open-dump sites and uncontrolled landfills, 
faster saturation of existing landfills, waste 
transport problems, bad odors coming 
from transfer stations, etc.

Source sorting is an effective practice 
aimed at improving collection, transport, 
recovery and recycling. However, this is 
not a common practice in the region and 
no appropriate source-sorting incentives 
or information is available to most people. 
The municipalities that have implemented 
source-sorting programs have done so 
with the help of NGOs and organizations 
that motivate the residents to do their 
own sorting. Unfortunately, such effort 
is sometimes not exploited when the 
municipality does not have a program to 
use the organic and inorganic fractions 
[BID-AIDIS-OPS/OMS, 2011]. 

Mexico City’s 2003 Law of Solid Wastes 
includes a chapter on sorting of wastes 
[Official Gazette of Distrito Federal, 2014], 
stating that it is an obligation of every 
waste generator (residential, industrial, 
commercial, institutions, etc.) to separate 
organic and inorganic waste and to 
deposit them in special and differentiated 
containers. Source sorting waste grew from 
1.68 percent in 2005 to over 24 percent in 
2013 in residential areas [SMA-DF, 2014]. 

Participation of private microenterprises, 
cooperatives and NGO in sweeping, 

Figure 8.3. Unitary 
costs of collection 
of municipal solid 

waste in LAC. 

[Based on BID-AIDIS-
OPS/OMS, 2011].
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collection and transport has been steadily 
increasing. Due to the conglomeration 
of some urban areas, collection vehicles 
may not be able to access such areas; 
therefore, a collection alternative is through 
cooperatives formed by neighbors [BID-
AIDIS-OPS/OMS, 2011].

The city of Cali, Colombia, has designed 
a municipal source separation policy 
based on identifying, organizing and 
formalizing waste pickers (scavengers), 
who operate as city contractors for 
gathering, separating and commercializing 
recyclables. Households are urged to 
separate their waste at source using color 
bags and large generators of organic 
waste are targeted for separate collection 
[CCAC-Cali, 2015]. Pickers will take the 
collected material to mobile collection 
centers, from where private companies will 
transport to larger collection centers and 
sell them to industry. Large generators of 
organic waste will separate its waste so 

it will be taken to a compost plant or the 
facility mentioned above. Cali government 
expects that methane emissions will be 
decreased drastically mainly by a reduction 
of the amount of biodegradables disposed 
in landfill, whereas CO2 emissions are also 
expected to decrease as a consequence of 
no transport of the organic waste to landfill 
and by the recycling of materials thus 
displacing virgin materials use.

Poor and inadequate MSW management 
has harmful effects to the formal workers of 
the sector, urban population without waste 
collection service, population living close 
to uncontrolled disposal sites, persons 
informally occupied in recovery of valuable 
or recyclable materials either in source of 
generations or in final disposal sites, and 
homeless people (including children and 
youths) who feed directly from residential 
wastes found in the street [BID-AIDIS-OPS/
OMS, 2011].

8.4. Waste Treatments and  
Final Disposal Practices

Landfilling is the most widespread 
technology for final disposal of solid 
wastes [O’Leary and Tchobanoglous, 
2002; Hoornweg and Bhada-Tata, 2012]. 
Table 2 presents the different final disposal 
practices carried out in Latin America and 
the Caribbean.

Landfilling. Landfilling is the process of 
disposing solid waste by burial [Beede 
and Bloom, 1995]. Sanitary landfill refers 
to an engineered facility for the disposal 
of MSW designed and operated to 
minimize public health and environmental 
impacts. However, there are sites where 
waste is simply dumped into the ground 

in uncontrolled manner; these open 
waste dumping contributes to clogged 
drains and flooding, water pollution, and 
spreading of diseases. At the global scale, 
waste dumping and uncontrolled landfills 

produce ~10 percent of global methane 
[Hoornweg and Bhada-Tata, 2012].

Many countries in the LAC region require 
the disposal of municipal solid waste in 
landfills, however, uncontrolled landfills and 
waste dump sites still remain very common, 
as well as the uncontrolled burning of 
waste in small cities. Only 19.8 percent 
of the municipalities have a waste 
management plan, which often may not be 
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carried out due to either lack of financial 
resources or qualified personnel. An 
increasing number of municipalities have 

become joint partners, resulting in shared 
landfills with substantial cost savings [BID-
AIDIS-OPS/OMS, 2011].

Table 8.2. Distribution of municipal solid waste final disposal in Latin America and 
the Caribbean 

Country Landfill  
(percent)

Controlled 
dumping sitea 

(percent)

Waste dump
(percent)

Open burning  
(percent) Othersb

Argentina 64.7 9.9 24.6 0.8 0
Belize 0 0 85.2 14.8 0
Bolivia 44.7 16.4 10.6 1.9 26.3
Brazil 55 20.2 24.5 0 0.3
Chile 81.5 13.8 4.0 0 0.7
Colombia 81.8 4.1 12.5 1.2 0.3
Costa Rica 67.5 23.5 9.1 0 0

Ecuador 30.2 46.3 20.5 0.8 2.1

El Salvador 78.2 0 13.8 7.3 0.6

Guatemala 11.3 59.9 15 0 5.1

Honduras 15.4 9.6 69.8 13.8 0

Jamaica 0 100 0 0 0

México* 65.6 12.1 12.4 5.9 4

Nicaragua 0 19.6 59.3 7.5 13.6

Panama 41.7 16 23.4 4.7 14.2

Paraguay 36.4 40.2 23.4 0 0

Peru 43.5 10.6 45.3 0.6 0

Dominican Republic 33.7 24.5 31.6 10 0.2

Uruguay 3.8 68.2 18.1 0 9.8

Venezuela 12.9 40.9 45.6 0.5 0

ALC 54.4 18.5 23.3 2 1.8

[Based on BID-AIDIS-OPS/OMS, 2011]
Notes: a place for the final disposal of solid wastes with some controls proper of the landfill; b includes disposal in water bodies, animal 
feed.

The main emission from landfills and 
waste dumps is methane. Landfills 
account for over 12 percent of the total 
anthropogenic emissions, which represent 
the third largest source of CH4 emissions 
globally [Williams et al., 2011]. An option 
to reduce the environmental impact from 
methane generation in landfilling is biogas 
extraction and its burning with or without 
energy recovery.

Site “reconversion” (regularization) of 
landfills. In Mexico, through Government 

Expenditures Budget programs17 , 
SEMRNAT has SEMARNAT has reinforced 
landfill construction or regularization of 
waste dumps and uncontrolled landfills 
in existing site cells (40 million dollars, 
in 2012) to support waste management 
in order to meet the national standard 
NOM-083. Likewise, these programs 
have supported the closure and 
sanitation of existing landfills (16.8 
million dollars, in 2012) throughout 
Mexico [SEMARNAT-INECC., 2012]. The 
regulatory program consisted in final cover 

17. https://www.gob.mx/busqueda?utf8=%E2%9C%93&site=shcp&q= 
programa+de+egresos+fiscales
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application before 6 months and closure 
before 18 months for open dumps, and 
limitation of horizontal growth and closure 
before 24 months for uncontrolled landfill. 

Landfill gas capture and generation 
of electricity. In Mexico, there are 
several projects of landfill gas capture, 
such as: SIMEPRODE/BENLESA in 
Monterrey, Nuevo León (see Figure 8.4); 
Aguascalientes City, Juárez City, Mérida 
City, North of Cancún City, Queretaro City, 
and City of Durango are all registered as 
CDM. Preliminary studies are underway in 
City of Nuevo Laredo, Cuautla, Ensenada, 
Saltillo and Nogales [Chavez-Ortiz, 2011]. 
The Monterrey project currently runs a 
12.7 MW plant and is projected to increase 
to fuel a 25 MW plant to be completed in 
2016 [Williams et al., 2011].

The region has little experience in 
generating energy from waste. One of 
the main hurdles of implementing good 
MSW management widely in LAC region 
is that for medium and small municipalities 
it is often difficult to access national and 
international credit. However, currently 

there are 480 registered projects related 
to the CDM in Latin America, of which 
25.8 percent (124 projects) are for the 
management and disposal of waste [BID-
AIDIS-OPS/OMS, 2011].

Cities in Brazil have issued some changes 
regarding their MSWM; for instance, Rio 
de Janeiro has recently closed its primary 
disposal site, the Gramacho landfill, and 
began sending the bulk of its waste to 
the new state-of-the-art sanitary landfill 
Seropedica. In fact, this city is a pioneer 
in the recovery and use of landfill gas. 
During the 1980s, the city initiated one of 
the first projects in the world to convert 
landfill gas into vehicle fuel. At the recently 
closed Gramacho landfill, a new biogas 
purification plant will deliver 10,000 m3 
of high-grade gas per day to one of the 
country’s main refinery complexes through 
a 5,500-meter pipeline. Another option that 
holds promise, for the new landfill and the 
public landfill, is the conversion of landfill 
gas into vehicle fuel for use in the city’s 
waste transfer and collection vehicles. 
Sao Paolo has constructed solar power 
plants over its landfill after its closure 

Figure 8.4. Phase 
III SIMEPRODE/

BENLESA Biogas 
Plant in Monterrey, 

Mexico.
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[CCAC-Rio, 2015]. In Viña del Mar, Chile, 
energy is recovered from five landfills 
that receive 50 percent of all municipal 
waste. The amount of methane recovered 
from final disposal sites is 68.85 Gg/year, 
and the energy generated from methane 
combustion is 88,800 MWh/year [CCAC-
Viña, 2015].

Inspite of the success in landfill 
management and the recovery of landfill 
gas mentioned above, in the long term 
landfilling may not be the best option from 
an environmental perspective. A report from 
the German Federal Environment Agency 
[2011] concluded that in the case of Mexico 
if landfilling of waste is abandoned and 
a comprehensive recycling program is 
implemented, this country could reduce 
between 52 and 63 Mt CO2eq per year.

Recycling. Recycling in plants is not a 
common practice in the LAC region, yet 
informal recycling is an important income to 
a very large sector of very poor population. 
It is estimated that only 2.2 percent of the 
MSW are formally recovered and recycled 
[BID-AIDIS-OPS/OMS, 2011]. However, 
recycling programs implementation is a 
must in order to achieve sustainability in 
the region. Programs among population 
may be either voluntary or mandatory. 
The materials to be recycled may include 
paper, newspaper, cardboard, mixed 
paper, glass, cans (e.g., aluminum), 
plastics (e.g., PETGQA), etc. [Leverenz 
et al., 2000].

In Brazil 50 percent of the recycled 
aluminum cans are collected by pickers 
named ‘catadores’, whereas the rest is 
collected in malls, schools, enterprises and 
philanthropic groups [SEMARNAT-INECC., 
2012]. The majority of Rio de Janeiro 
recycling is dependent on recyclables 
pickers recovering valuable materials from 
waste bins in the streets and in the city’s 

recycling facilities. Rio also has commercial 
paper and cardboard recycling programs, 
but about 15 percent of the household 
waste stream is still composed of paper 
and cardboard; the city is considering 
strategies for increasing recovery and 
recycling of these materials. Interestingly, 
two of the most abundant wastes in this 
city, coconut shells and PET, are recycled 
for producing waste charts, bins, park 
utilities and brooms [CCAC-Rio, 2015].

Composting. This technology converts the 
organic fraction of the MSW into a material 
with excellent characteristics as fertilizer 
and soil improver for agricultural activities, 
parks and green areas. Moreover, 
composting helps reducing the amount 
of MSW landfilled (up to 50 percent), thus 
lengthening the saturation time of the 
landfill [Diaz et al., 2002]. 

Composting is scarcely developed in 
LAC. A successful case is found in La 
Pintana (see Figure 8.5), once a poor 
community in Chile, which has improved 
its socioeconomic indices along with 
a Sustainable Development Plan 
[SEMARNAT-INECC., 2012]. This plan 
includes vegetable, cardboard, metals and 
paper source-sorting, and disposing PET 
and glass materials in specific containers. 
The Environmental Management Direction 
(Dirección de Gestión Ambiental, DIGA)18 
has thus developed several actions related 
to environmental education, recycling, 
composting and energy recovery, which 
includes vermicomposting, biodiesel from 
used vegetable oil, and Shiitake fungus 
culturing, among many others.

Rio de Janeiro currently has a 200 t/
day composting project that uses wastes 
from large organic generators such as 
wholesale food markets combined with 
the organic waste that is separated at 

18.  http://www.digap.cl/wpress/

 •
 B

ac
k 

to
 C

on
te

nt
s 

•



128 Progress and opportunities of reducing short-lived climate pollutants across Latin America and the Caribbean 

the material recovery facilities, and is 
evaluating the use of clean organic waste 
such as tree pruning from parks and power 
line maintenances [CCAC-Rio, 2015].

Thermal treatment and waste-to-

energy. Thermal treatment comprises 
of incineration of organic material either 
for volume reduction or production of 
heat and power, carried out in adequate 
facilities. Thermal treatment reduces the 
volume of waste dramatically, up to tenfold. 
Thus, it can be very attractive for large 
metropolitan areas where landfills are either 
collapsed or are located at a long distance 
from the population center. Moreover, raw 
solid waste has a heating value between 
9,000 and 16,000 kJ/kg, representing 40 – 
70 percent of the heating value of coal (ca. 
23 000 kJ/kg). Hence, a large amount of 
heat can be released by burning municipal 
waste, and that heat can be used to 
generate electric power. The drawbacks 
of this technology are its high investment 
cost and high level of sophistication for 
its safe operation, low energetic content 
of MSW in some regions, the variability in 
the collection amounts that impede stable 
feeding, and the monopoly of the energy 
markets [Kreith, 2002]. 

In the LAC region, there is another hurdle 
for its implementation: the low electricity 
rates in some countries, which make it less 

attractive for the government and private 
sectors to invest in this technology [CCAC, 
2015]. Thus it is almost non-existent in 
the region, except in some islands in the 
Caribbean [SEMARNAT-INECC., 2012]. 
Barbados acquired, with private funding, a 
small incinerator to treat 1 ton of waste per 
day. In the rest of LAC, incineration is only 
applied to hazardous and medical waste.

While there is also a public concern about 
emission of dioxins and the toxicity of ash 
residues, emission control systems are 
available to control the various pollutants 
contained in the products of combustion, 
especially those of major concern for 
environment and health. The saturation of 
existing landfills, high political and social 
cost of procuring new lands, and new 
financing opportunities may foster this 
technology, after a previous and rigorous 
feasibility studies [BID-AIDIS-OPS/
OMS, 2011].

Anaerobic digestion. Implementation 
of MSW digestion in LAC is scarce, but 
interest has arisen from successful cases 
in rural and urban areas. For instance, 
a CDM for the conversion of MSW to 
biogas through anaerobic digestion was 
elaborated in 2006 for the city of Merida, 
Mexico. The project considers that 
244 tons per day of organic waste will be 
turned into 93,860 m3 of biogas, which will 

Figure 8.5. 
Composting in 

the community La 
Pintana, Chile. 

Source: veoverde 
https://www.veoverde.

com/2011/03/
admirable-iniciativa-
de-separacion-de-

desechos-en-la-
pintana/
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be used for a 6.4 MW electricity generation 
at total installed capacity. This project is 
expected to avoid 75,260 tons of CO2eq/
year on average by substantially reducing 
the amount of MSW to be landfilled 
[UNFCCC, 2012]. Other cities in Mexico 
following this example are Cancun and 
Atlacomulco (see Figure 8.6).

In Rio de Janeiro, the municipal waste 
management company (COMLURB) 
has projected the facility Caju Plant for 
treating 800 tons waste per day, integrating 
anaerobic digestion for biogas production, 
aerobic digestion for compost, incineration 
and recycling [CCAC-Rio, 2015].

Open Burning. Open burning of 
municipal waste is a common practice 
especially in developing countries and 
in countries with economies in transition. 
This practice occurs in small urban areas, 
but also in semi-rural and rural areas 
[UNEP, 2010a, b]. In the LAC region, 
27.1 percent of the total waste generated by 
the population is disposed in uncontrolled 
manner, 2 percent are open burned and 
1.8 percent is disposed in water bodies or 
used as animal feed (Table 4) [BID-AIDIS-
OPS/OMS, 2011].

The situation is alarming in Belize, El 
Salvador, Honduras, Nicaragua and 
Dominican Republic, where up to 
7 percent of the total MSW generated 
in these countries is burned (Table 4). 
Most worrisome is the burning of plastics, 
industrial and battery wastes, which 
produce dioxins and furans as well as 
other toxic and carcinogenic compounds 
[BID-AIDIS-OPS/OMS, 2011]. Studies 
from Argentina, Cuba, Paraguay, Uruguay 
and Colombia, show that nearly half of the 
emissions of dioxins and furans in LAC 
may be attributed to indiscriminate burning 
of residential wastes [BID-AIDIS-OPS/
OMS, 2011].

Mexico collaborated in a multi-national 
project with research institutions from 
China, Sweden, and the United States 
to study the formation and release of 
unintentional persistent organic pollutants 
(polychlorinated dibenzo-p-dioxins (PCDD) 
and polychlorinated dibenzofurans (PCDF)) 
from open burning of waste in developing 
countries. Emission factor of 40 μg 
TEQPCDD/PCDF (toxic equivalent based on 
PCDD and PCDF) per ton were determined 
from burning waste at dumpsites in Mexico 
and China [UNEP, 2010a].

Figure 8.6. First 
plant of anaerobic 

digestion in 
Atlacomulco, State 

of Mexico, with 
capacity to process 

30 t/d of organic 
waste, and an 

installed capacity of 
1563 of 200 kW for 

the generation of 
electricity [Clemente, 

2015].
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8.5. Legislations and  
Relevant Policy Measures

In most countries of the region, the 
establishment of public policies and 
financial allocation are the responsibility 
of the federal governments, while 
municipalities are responsible for services 
to collect, transport, treat and dispose of 
waste. The institutional structure of MSW 
management services has evolved towards 
the standardization in the National Ministers 
of Environment [BID-AIDIS-OPS/OMS, 
2011]. Even though some countries in LAC 
region have national waste management 
programs for reaching goals at medium 
and long term, as few as 19.8 percent 
of the municipalities have management 
plans. Of these, 51.9 percent are larger 
municipalities, whereas 13.8 percent are 
municipalities with lower than 15,000 
habitants [BID-AIDIS-OPS/OMS, 2011].

Mexico and Brazil have important 
advances in their environmental 
legislations related to MSWM. Brazil has 
the Law No. 12.305, which establishes 
the National Solid Waste Policy. In Mexico 
the General Law for the Prevention and 
Comprehensive Management of Wastes 
(LGPGIR by its acronym in Spanish), 
supported by the General Law of 
Ecological Equilibrium and Environmental 
Protection (LGEEPA by its acronym in 
Spanish), was reformed in 2007. 

Relevant policy measures have been 

implemented in many countries of the 
region. Many municipalities are working on 
key programs such as “Zero Wastes”. Cruz 
de la Sierra in Bolivia has established a 
waste progressive reduction program with 
annual reduction of 5 percent until 2017. 
Buenos Aires works with a progressive 
reduction plan of final disposal [BID-AIDIS-
OPS/OMS, 2011].

Effective economic and financial 
regulatory standards are missing in the 
LAC region. A law of municipal revenues 
was established in Chile; in which fees for 
waste collection services should be paid 
by the users. Colombia is the only country 
with an appropriate economic regulatory 
framework covering every step in the MSW 
management. Colombia aims to achieve 
carbon neutrality of solid waste sector 
emissions by undertaking integrated solid 
waste management programs and creating 
incentives for the private sector that could 
catalyze actions to divert organics from 
landfills, increase recycling, generate 
refuse-derived fuel and promote alternative 
uses of landfill gas. A NAMA will support 
the Colombian government in reducing the 
carbon footprint of its solid waste sector 
by overcoming existing political, financial, 
market and social barriers. 
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8.6. Ongoing Programs and Trends

CCAC has committed 50 cities around the 
world to develop and implement action 
plans by 2015 in order to reduce SLCP 
from the waste sector by 2020, under a 
partner city tutorship scheme. This city 
network is to be expanded to reach 100 
additional cities by 2020. These 150 cities 
joined by the initiative in 2020 will motivate 
and lead up to 1 000 cities undertaking 
action for implementing the best successful 
practices [CCAC, 2015]. The Coalition 
Partners are engaging with municipal and 
national governments to reduce emissions 
of SLCPs across the municipal solid waste 
sector by providing a comprehensive 
collection of resources for cities, which 
include technical assistance, information 
exchange, networking, and training. Ten 
pilot cities work in the first phase acting 
as ambassadors in their countries and 
regions for showcasing best practices, 
and sharing lessons learned with other 
interested cities. For the LAC region, 
three cities are included:  Rio de Janeiro 
(Brazil), Viña del Mar (Chile) and Santiago 
de Cali (Colombia). Three more cities 
confirmed its participation: Concepción 
(Chile), Barranquilla (Colombia) and Lima 
(Peru). In the next phases, pilot cities will 
take concrete action to reduce emissions, 
a further 10-15 will produce new city 
assessments, 20-30 will participate in 
regional training and 30-40 will participate 
through the knowledge platform. One to 
two cities will pilot a results-based/output-
based funding mechanism.

The Integrated Solid Waste Management 
Plan (ISWMP) should focus on 
measures for diversion of organic waste 
from households, the food industry, 
supermarkets, restaurants, etc. [CCAC-
Viña, 2015]. The separated organic waste 
should be sent to biological treatment 
where the energy and nutrients in the 
waste will be utilized and the methane 
emissions reduced. Where organic waste 
is still landfilled – collection and utilization 
of landfill gas should be installed when 
possible. If the analysis of the current 
situation that is made for the ISWM plan 
shows that open burning of waste is 
occurring, necessary measures needs 
to be undertaken in order to stop open 
burning from occurring, hence generating 
emissions of black carbon. The ISWM plan 
will also include goals and activities for 
increased recycling and waste prevention 
in order to reduce the emissions of both 
methane and CO2, reduce transports 
and improve resource efficiency. The 
ISWM plan will contain short, medium and 
long-term goals for improving the waste 
management in Viña del Mar as well as 
the related activities and measures that 
are needed in order to achieve the goals. 
It also contains a plan and measures for 
how the evaluation of the goals will be 
performed.
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8.7. Conclusions

The current patterns of high-scale 
production, consumption and waste 
disposal of the Latin American society, 
reflected in the inefficient use of the 
non-renewable resources, have led to 
deterioration of the public health and the 
environment. The development of a new 
sustainable economic system in equilibrium 
with the environment is required, based 
on a sustainable material cycle under 
the 3R-principle (Reduce, Reuse and 
Recycle) [Encarnación and Kiss, 2008]. An 
integrated waste management approach is 
a crucial part of international and national 
sustainable development strategies. In a 
life-cycle perspective, waste prevention 
and minimization generally have priority 
[UN-Habitat, 2010].

According to the International Solid 
Waste Association, there are three 
key components to a unified waste 
management strategy, which would enable 
the waste sector to become a global net 
GHG emissions saver [ISWA, 2009]: 

 � Establish integrated waste management 
systems with an emphasis on waste 
reduction and recycling to reduce the 
drain on material and energy resources; 

 � Introduce waste technologies with lower 
energy consumption and re-use of 
processed residuals; 

 � Recover energy from waste processing 
and captured landfill gas, for use as 
electricity or in heating and cooling 
systems, thereby replacing the use of 
fossil fuels for energy production. 

Waste prevention is an issue of high priority 
in waste management and it is likely that 
a number of new approaches will be 
developed worldwide over the coming 
decades. The choice of waste process and 
technology will depend on local conditions 
and resources, as well as the composition 
of wastes from households, trade and 
industry. The potential for GHG emission 
reduction will vary accordingly. 
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CHAPTER 9.
Coal Mining
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The global coal production in 2015 was 
3830 million tons of oil equivalent (TOE) 
[BP, 2016]. LAC produces 68.3 million 
TOE that corresponds approximately to 
1.8 percent of the total global production. 
Figure 9.1 presents LAC countries with the 
highest productions in the last 3 years. 
Colombia is the country with the highest 
production, which represents more than 
80 percent of the total production in LAC 

countries. It is followed by Mexico and 
Brazil. 

The three major coal producing countries 
− Colombia, México and Brazil − are 
pioneers in the LAC region in implementing 
policies and technical efforts to capture the 
methane emissions from coal mines. This 
chapter will present their initiatives.  

Lead author
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production of Latin 
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9.2. Policies and Technical Efforts for 
Coal Mines Methane Capture

Colombia
Colombia has the largest coal reserve 
in South America and its coal burning 
is relatively clean due to its low sulfur 
content, which is less than 1 percent 
(Global methane initiative, GMI). Figure 9.2 
presents the states where coal is extracted 

within Colombia. The main coal production 
areas are located at the north of the 
country. In the first quarter of 2015, Cesar 
state produced 12.52 million tons and La 
Guajira 9.07 million tons [ANM, 2015] as 
shown in Table 9.1. This table presents the 
companies and its production in each state 
of Colombia. 

Figure 9.2. 
Regions of main 

coal production in 
Colombia 

[UPME, 2014]
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According to IDEAM [2015] the emissions 
of GHGs from coal mining in Colombia was 
6.2 million tons of CO2eq, which represents 
3.5 percent of the total GHG emissions in 
this country.  

The Ministry of Mines and Energy is the 
main governmental body involved in the 
energy sector in Colombia. In 2008 the 
National Council of Social and Economic 
Policies recommended to implement a 
technical standard for exploration and 
exploitation of methane in carbon deposits. 
Currently, the Ministry of Mines and Energy 
is establishing a resolution that indicates 
which are the technical procedures that 
mining companies must apply [Ministerio 
de minas y energías, 2014]. 

About 90 percent of the total coal 
production is in open pit coal mining 
areas (Global Methane Initiative, GMI) 
therefore, this characteristic reduces the 
possibility of implementing strategies to 
reduce methane emissions. Drummond, 
one of the companies located in the Cesar 
mining region, has signed a contract with 
Ecopetrol (the Colombian oil company) 
to extract coalbed methane (CBM) from 
both La Loma and El Descanso mines. 
They stated that both mines contain 
approximately up to 61,600 million m3 of 
CBM [EIA, 2014].

Table 9.1. Coal production in Colombia during the first quarter of 2015 [ANM, 2015]

State Companies Mine Production 
(Mton)

Total
(Mton)

Guajira Carbones del cerrejón limited, 
Carbones del cerrejón zona norte y 
Carbones colombianos del cerrejón

Cerrejón zona norte 3.03

09.07
Patilla 0.92
Área la comunidad - caypa 0.18
Oreganal 0.48
Área la comunidad 1.45

Cesar Drummond ltd, Carbones el tesoro 
s.a., Carbones de la jagua, Consorcio 
minero unido s.a., C.i. Prodeco s.a., 
Colombian natural resources  i s.a.s. 
y Norcarbon s.a.s.

La loma 3.53

12.52

El descanso 3.18
El tesoro 0.0008
La jagua 1.08
Yerbabuena 1.01
Calenturitas 3.28
La francia 0.38
La divisa (cerro largo) 0.45

Other states   01.64

Total 23.23

Currently Colombia has a big challenge in reducing not only CH4 emissions but also other 
pollutants that affect the communities living near the mines.
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Mexico
According to INE and UNAM [2008], in 
2006, methane emissions from coal mining 
operations in México were 114,778 Gg 
that represent 2,410,330 Gg CO2eq. It 
also represents 0.56 percent of the total 
emissions of GHG in Mexico. Coahuila is 
the main state of Mexico where the coal 
production is concentrated and it has 
95 percent of coal reserve. Figure 9.3 
shows the location of Coahuila and its coal 
mining districts.  

Mexico has regulations to recover and take 
advantage of the CBM; this was promoted 
by the Energy Sector Programme 2007 – 
2012. However, in 2008, a tax of 50 percent 
over the annual price of the methane gas 
extract from coal mines was established, 
this value was adjusted to 40 percent 

in 2009. According to Florez [2013] this 
regulation does not promote the recovery 
of methane gas because the tax makes 
the extraction not profitable for companies. 
Recently, it was suggested to reevaluate 
this regulation and set the tax between 
6 percent and 23 percent according to the 
gas volume extracted and market price. 
However, this initiative was not approved.

Although in political terms, there are still 
opportunities to stimulate the extraction 
of the CBM. This is the case of Minerales 
Monclova Company which has six mines 
in Coahuila. They developed an initiative 
for extracting methane from three of their 
mines, being the first project in LAC 
approved under clean development 
mechanism. According to MEXICO2 [2014] 
this project reduces the methane emissions 
by 0.295 Gg CO2 eq. 

Figure 9.3. 
Coahuila’s coal 

mining districts in 
Mexico.
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Brazil
Brazil has its coal mining region located 
in the south of the country as shown in 
Figure 9.4, specifically in Paraná, Santa 
Catarina and Rio Grande Do Sul states. 
According to MCIT et al. [2013] emission 
of methane from coal mining was 1,105 Gg 
for open pit mining areas and 47,154 Gg 
for underground mines, for a total of 
48,259 Gg in 2012.

Brazil implemented, in 2009, in Porto 
Batista, the enhanced coal bed methane 
recovery (ECMB) as a pilot project. This 
technique injects CO2 into the coal beds 
to recover the methane [Beck et al., 2011]. 
According to ZEROCO2 [2011] this project 
was successfully completed in 2011.

Figure 9.4. Brazil’s 
coal mining regions. 

[Zancan, 2007]
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CHAPTER 10.
Oil and Gas 

Sector
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The production, processing, transmission, 
and distribution of oil and natural 
gas are the second largest emitter of 
anthropogenic methane worldwide, 
releasing an estimated 1360 MtCO2 eq 
of methane into the atmosphere in 2010, 
accounting for approximately 20 percent 
of total worldwide methane emissions 
[US EPA, 2012].19

When petroleum crude oil is extracted 
and produced from onshore or offshore oil 
wells, raw natural gas associated with the 
oil is produced as well. Fugitive emissions 
from oil and natural gas systems are often 
difficult to quantify accurately, this is mainly 
due to the diversity of the sector, the large 
number and variety of potential emission 
sources, the wide variations in the levels of 
emission control, and the limited availability 
of data on emission sources. The main 
difficulties relating to the evaluation of 
emissions are:

 � The use of simple emission factors 
based on production introduces great 
uncertainty;

19. The EPA report used GWP of 21 for methane based on IPCC Second 
Assessment [IPCC, 1996]. The GWP for methane reported in IPCC Fifth 
Assessment is 28-36 [IPCC, 2014]. 

 � The application of rigorous bottom 
up methods (using specific data by 
component to extrapolate the total 
installation) requires the opinion of 
experts and detailed data which can be 
difficult and costly to obtain;

 � The measurement programs demand 
much time and are expensive. 

Occasionally the oil and gas industry 
dispose the extracted or produced 
gas by venting or burning (flaring). 
Under emergency situations such as 
overpressures, equipment malfunction, 
power outages etc., the unplanned 
disposal of gas is carried out as a 
safety measure to control the risk that 
it represents to worker, nearby villages, 
surrounding infrastructure and the 
environment. In other circumstances, the 
gas disposition is carried out in planned 
manner because it is economically 
or technically unfeasible to transport 
towards the potential final users and/or it 
is technically difficult to preserve or use 
[IPIECA & OGP, 2011].

The gas extracted or generated typically 
consists of methane and other hydrocarbon 

Lead authors 
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compounds (HCs), CO2, nitrogen (N2) 
and hydrogen sulfide (H2S). Some of 
the HCs present in the gas could be 
carcinogenic and / or mutagenic. Some 
HCs are also precursors of ground-level 
ozone, which cause skin irritation and 
respiratory problems.

Methane, which usually is the second 
most abundant constituent of this gas, 
has a global warming potential 28-36 
times greater than CO2. Therefore, it is 
preferred to burn it than releasing it into 
the atmosphere. Usually, the gas contains 
H2S, which has an unpleasant smell and 
causes unconsciousness, asphyxiation 
and irritations of the skin and respiratory 
tract. When the gas is flared it forms 
sulfur dioxide (SO2) which goes into the 
atmosphere and reacts with the humidity 

presents in the air to form sulfuric acid 
(H2SO4). This acid is highly corrosive and 
contributes to acidification of soils and 
water bodies.

The flaring of gas is a waste of resources. 
About 143 billion cubic meters of gas 
was flared in 2012 [Tollefson, 2016]. This 
represents approximately 3.5 percent of 
world´s natural gas supply and amounts 
to about $15-24 billion dollars per year, 
assuming 3 to 5 USD/1000 cubic feet 
in 201220 . Among the largest flaring 
countries of associated petroleum gas are 
Russia, Iraq, Iran, Nigeria, and Venezuela, 
contributing more than 50 percent of 
associated gas flared worldwide [Farina, 
2011; World Bank, 2017].

20. https://www.eia.gov/dnav/ng/hist/n3035us3m.htm

10.2. Flaring in the LAC Region

The volume of gas flared and vented 
is directly related to the intensity of the 
activities of extraction, refining and 
transportation of oil and its byproducts. 
Oil reserves in Latin America accounted 
for 20% of world reserves [García and 
Garcés, 2013]. Figure 10.1 shows the 
volume of oil production by country and 
compares them with the volume of refined 
oil and with the domestic demand for 
petroleum byproducts. This figure shows 
that the volume of crude oil refined at 
regional level in 2011 reached 6 million 
barrels of oil equivalent per day (MMBOE/
day), which represents 85 percent of total 
refining capacity. Figure 10.1 also shows 
that although it would be used 100 percent 
of the refining capacity, it would not be 
possible to cover the regional domestic 
demand for petroleum byproducts [García 
and Garcés, 2013]

In 2012, LAC exported 4.4 million barrels 
per day of crude oil and imported 0.39 
million barrels per day. Similarly, LAC 
exported 0.77 million barrels per day of 
oil byproducts and imported 2.0 million 
barrels per day. These figures represent 
10 percent of global consumption of oil and 
its byproduct [García and Garcés, 2013].

Figure 10.2 shows the volume of gas flared 
in LAC according to estimates from Global 
Gas Flaring Reduction (GGFR) Program 
[World Bank, 2017]. It is estimated that 
in 2013 Colombia flared 444 million m3 of 
gas and 2.1 million m3 were vented [ACP, 
2014]. Currently, the volume of gas flared 
and vented in all the region’s countries 
remains uncertain. 
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10.3. Management, Utilization  
and Flaring of Methane Emissions 

from Oil and Gas Systems 

Currently, there is a need for the 
consolidation of policies and incentives 
to avoid or reduce gas flaring, promoting 
its reuse by using technologies efficiently 
according to the quantity and quality of 
the gas. 

In recent years, there have been efforts 
to reduce gas flaring. One of them is the 
Global Gas Flaring Reduction (GGFR) 
program, sponsored by the World Bank and 
governments of different countries including 
Norway, Canada, and Russia. This program 

Figure 10.1. 
Comparison of 

the volume of oil 
produced against 

the volume of 
oil byproducts 

demanded and 
consumed in LAC 

expressed in terms 
of millions barrels 

of oil equivalent 
(MMBOE) per day. 

[Source: García and 
Garcés, 2013, data 

from the year 2011].

Figure 10.2. Gas 
flaring in LAC in 

billion cubic meters 
(BCM) per year

 [Source: World Bank, 
2017].
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conducted a study over 44 oil producing 
countries where it was aimed to identify 
regulations and other factors affecting the 
volume of gas flared and vented. 

Through this initiative, the following were 
developed:

 � Tools to measure and improve the 
estimate of the volume of gas flared;

 � Tools to monitor gas flaring, such as 
satellite imagery in partnership with 
NOAA;

 � Regulations to control gas flaring; and 
 � Identification and development of gas 
utilization projects.

It was found that countries that succeeded 
in reducing the volume of gas flared were 
those that adopted efficient regulation 
measures, through incentives such as tax 
policy and reform of the energy markets 
[World Bank, 2004a]. So far the most 
successful regulatory structure for the 
management, use and flare of natural gas 
in the hydrocarbon sector is illustrated in 
Figure 10.3.

The purpose of regulation is to minimize the 
waste of gas, by promoting collaborative 
actions between companies and actions to 

benefit the community located around the 
production plants. The long-term aim of the 
regulation is to achieve zero flaring, venting 
and leaking of gas. To achieve this, the 
regulation prohibits the venting and leakages 
of gas. It forces companies to measure 
and report to the public the volume of gas 
flared and to generate an annual work plan 
to eliminate the planned flaring and reduce 
annually 80% of the unplanned flares. It 
also requests companies to pay, at the 
market price, the volume of gas flared taking 
into account that this gas is a resource of 
the country.

Successful international experiences suggest 
that this initiative must be implemented as 
a joint effort between the government and 
the oil and gas companies. Additionally, the 
implementation of these regulations should 
be performed in three phases: The first 
stage is aiming to socialize the spirit of the 
regulation, the adoption of best practices, 
the measurement of the gas flared and the 
development of an action plan to reduce 
flaring and venting within each company. 

The second phase is aiming to implement 
the action plan developed in the previous 
phase, to obtain an accurate inventory 

Figure 10.3. 
Illustration of the 
conditions to be 

satisfied for the gas 
disposition in the oil 

and gas industry.
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of the volume of gas flared and the 
refinement of the regulation according 
to local circumstances. The third phase 
establishes the individual annual goals of 
gas flare reduction and the reinforcement 
mechanisms. 

Some LAC countries have strict regulations 
to control gas flaring and its environmental 
impact. However, implementation and 
verification of compliance with these 
regulations still seems to be a problem 
[World Bank, 2004b]. The main barriers 
include significant cost of capturing and 
utilizing the associated gas currently flared; 
lack of financing to put the necessary gas 
infrastructure in place, and undeveloped 
domestic gas markets and limited access to 
international markets [GGFR, 2011].

In countries like Brazil, Colombia, and 
Venezuela, the responsibility of approving 
the gas flaring and venting depend on 
the environmental authorities. Gas flaring 
permits are granted in association to an 
environmental license. [World Bank, 2004c]. 
In Argentina, burning policies are different 
from other countries. Those wells which 
exceeds a given gas-to-oil ratio cannot flare 
the gas. In 1994 the government launched a 
program where with time the gas to oil ratio 
becomes more restrictive. 

Since 1997, Mexico has participated 
in programs to reduce gas flaring by 
implementing a policy management system 
of gas flaring and has been collaborating 
with GMI and GGFR experts. This is 
described in more details below.

10.4. Non-conventional Oil  
and Gas Reservoirs Exploitation

With regard to non-conventional oil and 
gas reservoirs exploitation, Argentina, 
Mexico and Brazil occupy the second, 
sixth and tenth place on shale gas reserves 
worldwide, with 802, 545 and 245 trillion 
cubic feet respectively [EIA, 2013]. Recent 
reports claim that methane leakages from 
well completions after hydraulic fracturing 
may be between 3 to 10 percent of total 

natural gas production in the U.S. [Tollefson, 
2013]. Undoubtedly new technology to 
reduce methane leakages from this sector 
is required; otherwise the use of natural gas 
to fuel the industry and transport sectors, 
considered as strategy towards a low-carbon 
economy, may be neutralized by methane 
leakages.

10.5. Mexico Efforts in Reducing 
Methane Emissions from Oil and Gas

Recently, Mexico communicated that it 
aims to reduce its GHG emissions by up to 
30 percent compared with the business as 

usual (BAU) scenario by 2020.21 It added 
that the full implementation of its Special 
Climate Change Program (Programa 

21. Programa Especial de Cambio Climático 2014-2018. DOF, 
28/04/2014. Available at http://dof.gob.mx/nota_detalle.
php?codigo=5342492&fecha=28/04/2014
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Especial de Cambio Climático, PECC), 
adopted in 2009, which includes a set of 
Nationally Appropriate Mitigation Actions 
(NAMAs) to be undertaken in all relevant 
sectors, would achieve a reduction in total 
annual emissions of 51 Mt CO2 eq by 2012, 
compared with the BAU scenario. This 
achievement would depend on adequate 
financial and technological support from 
developed countries as part of a global 
agreement [UNFCCC, 2011].

As a consequence, PEMEX with the 
sponsorship of the Prosperity Fund by the 
British Embassy in Mexico requested the 
company CO2-Solutions [2013] support for 
structuring a NAMA project focused on the 
reduction of fugitive emissions in systems 
of processing and transport of natural gas 
from Mexico. The central aim of this NAMA 
is the reduction of fugitive emissions on 
natural gas processing, transport and 
distribution systems in México, so that it 
will be possible to significantly reduce CO2 
equivalent emission that will help achieve 
the goals set by the government.

The potential of emission reduction 
estimated for this NAMA is approximately 3 
MtCO2eq/y, which if reached in its entirety 
would improve efficiency in processing 
fugitive emissions, transport and distribution 
of natural gas from Mexico, similar to those 
achieved by the United States and Canada.

Also, Pemex, as a member of the 
Methane-to-Markets initiative (PEMEX-
M2M), developed a cost-effective 
methane reduction plan based on field 
measurements along the life cycle of the 
natural gas production system in Mexico. 
The aim of this project focused on preparing 
a comprehensive baseline CH4 emissions 
inventory; estimating abatement potential 
that is technologically feasible; quantifying 
the costs and benefits of achieving 
incremental reductions; and providing 

a basis for PEMEX to prioritize methane 
emission reductions as part of its climate 
strategy [Oven, 2010].

The cost-effective abatement measures 
identified accounts for 1.6 MtCO2eq/y 
from a total abatement potential of 3.7 
MtCO2eq/y. The top fugitive and vented 
emission sources detected were: Tank 
Venting, Pneumatic Instrument Venting, 
Fugitive Emissions, and Compressors. Best 
practices identified to address these fugitive 
and venting emissions are:

 � Installation of vapor recovery units
 � Replacement of high-bleed with low-
bleed devices

 � Leak detection and repair program with 
infrared technology

 � Fuel gas retrofit
 � Rod packing replacement in 
reciprocating compressors, and

 � Replacement of centrifugal compressor 
wet seals with dry seals
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CHAPTER 11. 
Managing 

Hydrofluorocarbons 
(HFCs) in  

the LAC Region 

credit: Junior Braz/Shutterstock.com
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Since their introduction to global markets 
in the 90’s hydrofluorocarbon (HFCs) 
production, and consumption have grown 
significantly in LAC countries driven 
primarily by population growth, rapid 
urbanization, electrification and changing 
consumer patterns. Without targeted 
control policies, HFC emissions in the LAC 
region were expected to increase from 
approximately 70 Mt CO2eq in 2010 to over 
260 Mt CO2-eq by 2050This increased use 
of refrigerants and air conditioning and 
refrigeration equipment has also resulted 
in parallel increase in energy consumption 
and greenhouse gas emissions. The 
composition of the global markets using 
HFCs in different sectors, in percent of tons 
of CO2eq (2012) is presented below [UNEP, 
2012].

• Refrigeration, Air Conditioning,  
& Heat Pumps (RACHP) 86%

• Insulation Foam 7%
• Aerosols 4%
• Fire protection 3%.
• Solvents sector 0%  

 (negligible)

Refrigeration, air conditioning, and heat 
pumps (RACHP) have always been the 
largest sectors for the use of stratospheric 
ozone depleting substances and HFCs, 
especially due to the servicing needs of 
the existing inventory of appliances. For 
countries with no manufacturing facilities 
and dependent of imports, such is the case 
with many LAC countries; this is the most 
important sector where the consumption 
of refrigerants is the most significant and 
fastest growing.

The LAC market for HFCs is very 
dependent on refrigerant and technology 
providers especially in sectors and 
subsectors where HCFCs and HFCs 
are used in large volumes, such as in 
the refrigeration and air conditioning 
manufacturing and servicing sectors. LAC 
region has many differences regarding the 
HFCs use sectors. Some countries, such 
as Argentina, Brazil, Mexico, Colombia, 
and Chile contain large and medium-
size manufacturing companies that utilize 
HFCs, but the majority of other countries 
rely on imported products and alternative 

Lead authors
Suely Machado Carvalho 
(Instituto de Pesquisas Energéticas e Nucleares, 
Brazil); 

Nathan Borgford-Parnell 
(Institute for Governance and Sustainable 
Development, USA).
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substances for servicing their equipment 
and appliances.

There are multiple drivers for the phaseout 
of HFCs in the LAC region and globally. In 
2016 the Parties to the Montreal Protocol on 
Substances that Deplete the Ozone Layer 
agreed to the Kigali Amendment to use the 
expertise and institutions of the Montreal 
Protocol to phase-down the consumption 
and production of HFCs.22 Under the Kigali 
Amendment, the majority of developing 
countries, classified as Group 1, including 
all LAC countries will freeze consumption 
and production of HFCs on or before 2024 
at agreed baseline levels and will begin 
reductions of production and use with 
a step down of 10 percent below freeze 
levels in 2029. Reductions will continue in 
steps until production and consumption 
reach 20 percent of freeze levels in 2045. 
The baseline is calculated as the average 
HFC consumption and production in 2020, 
2021, and 2002 plus 65% of baseline 
HCFC production and consumption. The 
Kigali Amendment is expected to avoid 
~90% of the warming HFCs otherwise 
would have caused by 2100.

LAC countries are also beginning to phase 
out their use of hydrochlorofluorocarbons 
(HCFCs) under the Montreal Protocol and 
must find appropriate substitutes.  In the 
past, HFCs were the preferred substitutes 
for HCFCs due to the fast that they do 
not deplete the ozone layer, but with the 
passage of the Kigali Amendment the 
current HCFC phase out is an opportunity 
for LAC countries to leapfrog over high-
GWP HFCs to lower-GWP alternatives 
instead of first transitioning into high-GWP 
HFCs and then making an expensive 
second transition to lower-GWP substitutes 
once the Kigali control schedule 
takes effect. 

22.  http://ozone.unep.org/en/handbook-montreal-protocol-substances-deplete-
ozone-layer/41453

Energy efficiency is also an important 
driver for change, especially in the 
refrigeration and foam insulation markets. 
The phaseout of CFCs under the 
Montreal Protocol catalyzed substantial 
improvements in air conditioning and 
refrigerant energy efficiency—up to 
60 percent in some subsectors. In 
an effort to catalyze similar efficiency 
improvements with an HFC phasedown, 
the Parties in Kigali also agreed on an 
additional decision submitted by Rwanda 
and Morocco to investigate opportunities 
to enhance the energy efficiency of 
appliances and equipment that use HFC 
refrigerants. In 2016, a number of private 
philanthropies also established a USD $53 
million fast-start fund for 2017 to achieve 
these energy efficiency goals. The World 
Bank also pledged up to USD $1 billion in 
concessional lending for energy efficiency 
in conjunction with the HFC phasedown.

Many industry efforts are under way 
showing that lower GWP alternatives can 
achieve equal or better energy efficiency 
than the high-GWP HFC based system. 
This can be done through good design 
and optimization. The increase in energy 
efficiency of new products brings energy 
savings for consumers. A recent study by 
the Lawrence Berkeley National Laboratory 
estimated that, in the LAC regional alone, 
improving the technical efficiency of 
room air conditioners by 30% while also 
converting to low-GWP refrigerants could 
avoid electricity use equivalent to up to 93 
medium-sized (500 MW) power plants by 
2030 [Shah et al., 2015].

However, some key concerns are the 
immediate and near-future availability of 
climate friendly non-HFC substitutes for 
HCFCs, their efficacy, price and cost-
effectiveness, environmental impacts, 
technical performance and safety, 
and applicability at different ambient 
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environments. Despite of continuous 
increase of alternative technologies 
available in several sectors, the high cost 
and availability of low-GWP alternatives, 
setting of standards, energy efficiency 
losses, and flammability continue to be 
major barriers in some sectors that are 
critical to society such as air conditioning.

Despite these key drivers there are 
additional actions that LAC countries can 
take to achieve HFC mitigation and parallel 
energy efficiency benefits faster than the 
control schedule of the Montreal Protocol. 
The LAC SLCP Assessment found that 
utilization of the maximum technically 
available alternatives to HFCs could reduce 
HFC emissions in the LAC region by as 

much as 98% of the reference scenario 
by 2030. Achieving these ambitious 
reductions will require utilizing mechanisms 
to incentivize marketing climate friendly 
technology be put in place in the countries 
of the LAC region, this includes for 
instance, placing controls on imports of 
HFC containing products and equipment. 
At the same time LAC countries can reduce 
domestic HFC emissions by converting and 
retrofitting existing facilities and equipment 
from high-GWP HFCs or HCFCs to lower-
GWP alternatives when technically feasible 
and safe, reducing unnecessary emissions 
during equipment servicing and repair, and 
capturing and destroying HFCs at the end 
of equipment life. 

11.2. Mitigation Opportunities for HCFs 
Consumption and Emissions

There are many opportunities for LAC 
Countries to mitigate high-GWP HFC 
consumption and emissions. In summary:

Ratify and comply with the Kigali 
Amendment to the Montreal Protocol 
to phase down HFCs
The Kigali Amendment will enter into 
force on 1 January 2019, provided that 
is it ratified by at least 20 Parties to 
the Montreal Protocol, or 90 days after 
ratification by the 20th Party, whichever 
is later. The market for refrigerants has 
historically moved ahead of the Montreal 
Protocol control schedules and so LAC 
countries can support a fast phase-
down and signal markets to begin the 
rapid transition to low-GWP alternatives 
by quickly ratifying the Amendment prior 
to 2019.

Control, regulate, and monitor 
imports, use, and emissions of HFC 
products and equipment
Because the majority of LAC countries 
rely heavily on imported HFC products, 
policy makers, regulatory and standards 
setting organizations in LAC must follow 
technology and market signals closely 
in order to introduce policies in a timely 
manner if they are to see HFCs emissions 
decreased in the region and avoiding 
dumping of obsolete HFC technologies. For 
example, China is the largest manufacturer 
of room air conditioners in the world, 
manufacturing half of the world’s mini-split 
air conditioners. While China is transitioning 
away from HFC-410A into propane (R-290) 
and HFC-32, the large majority of countries 
in LAC are manufacturing and importing 
air conditioners with HCFC-22 (to be 
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phased out), and growing numbers of air 
conditioners with R-410A are entering LAC 
through imports. In the case of HFCs, the 
market will continue as such for some time 
unless clear policies for HFC management, 
incentives, and standards are in place.

Regulation is also important to ensure 
that low-GWP alternatives, technologies, 
and components are readably available 
to allow a market transition. For example, 
CO2 (R-744) refrigeration systems 
require specialized equipment such 
as compressors, intermediate heat 
exchanged, electronic valves and 
controllers to function, all of which may 
be subject to different controls and 
regulations.

Below are three examples of existing 
regulations in the LAC region to monitor 
and control HFCs.

1. In 2009 Belize amended its 
Environmental Protection Act Chapter 
328 to require any company wishing 
to import or export any type of HFC 
(or other refrigerant gases and blends 
containing HFCs), to apply for a 
license, valid for 12 months, through 
the Department of Environment. In 
addition to the licensing requirement 
all imports or exports must be labelled 
with: the name or registered number 
of the refrigerant; the net weight of the 
refrigerant content; the country of origin; 
the manufacturer’s contact information; 
and the brand name. The regulation also 
requires all importers and end users 
to keep a record of their purchases 
and imports and report annually to the 
Department of Environment the total 
quantity of HFCs purchased and used 
[Belize, 2002; 2009].

2. In Colombia, all importers must obtain 
an environmental license and seek 
approval to import all HFCs from the 

National Environmental Licensing 
Authority. As part of the regulation, the 
Ministry of Environment and Sustainable 
Development is required to report any 
capacity-building activities to raise 
awareness about the substances’ 
environmental impact [UNEP, 2009].

3. Jamaica’s Natural Resources 
Conservation Authority Regulations 
[2006] requires licensing of all 
companies that discharge air pollutants, 
including HFCs. Licensed companies 
must provide a report of annual 
emissions for all regulated pollutants 
and greenhouse gases. The reports are 
used to determine and adjust emission 
fees and compile a national air pollutant 
emission inventory [NRCAA, 2006]. 
The Jamaican National Ozone Unit 
also collects HFC import data from the 
Statistical Institute of Jamaica.

Technology conversion of 
manufacturing lines, retrofitting 
existing systems, and choosing low-
GWP alternatives for new facilities 
and equipment
While much of the HFC equipment in 
LAC is manufactured and imported from 
abroad, a number of LAC countries also 
contain large and medium-sized industrial 
and commercial facilities that currently 
use HCFCs or HFCs for refrigeration, air 
conditioning, or manufacturing, and that 
in many cases can be retrofitted to use 
low-GWP alternatives. The foam blowing 
sector is a good example where many 
LAC countries have successfully replaced 
existing processes to use low-GWP 
alternatives.

When new facilities are planned and 
constructed, available lower-GWP 
refrigeration and air conditioning systems 
can be chosen instead of high-GWP HFC 
systems. A good example of this is the 
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supermarket refrigeration sector when a 
number of LAC countries are installing CO2 
based refrigeration systems.

Finally, not-in-kind options are also 
available for some sectors to avoid the use 
of high-GWP HFC containing equipment. 
A good example of this is district cooling 
systems which have the potential to 
eliminate the need for unitary residential air 
conditioning all together.

Below are examples of conversions or 
retrofits completed or underway in the 
LAC region in the foam blowing, air 
conditioning, and commercial refrigeration 
sectors.

Foam blowing. The foam blowing sector 
is a good example where a number of 
LAC countries have been able to make a 
successful conversion away from high-
GWP HCFCs to low-GWP alternatives 
and avoid HFCs. Large sophisticated 
companies can use a wide range of 
highly flammable foam-blowing agents, 
but the costs of appropriate safety 
measures are too much for SMEs. Methyl 
formate is an ozone-safe, negligible-GWP 
alternative to HCFCs in a wide range of 
foam applications. As a pure chemical, 
methyl formate is highly flammable, but 
in a pre-blended form with other foam 
ingredients is safe to use. A pilot project 
was designed around Purcom Quimica, a 
system house in Brazil, which specializes 
in tailor-made polyurethane (PU) systems 
covering most PU applications. The project 
assessed 15 applications in Brazil and 
one was assessed through a pilot project 
in Mexico, executed by Quimiuretanos 
Zadro, a system house that specializes in 
polyurethane soles used in the manufacture 
of shoes [UNDP, 2012]. The successful 
projects in Mexico and Brazil were the 
prelude to rapid market penetration of the 
technology in twelve developing countries. 

Implementation involved more than fifteen 
local foam system houses and hundreds of 
downstream users, with 5,000 metric tons 
of HCFC-141b phased out [UNEP, 2014]. 

Currently, methyl formate systems in 
LAC are being commercialized in Brazil, 
Colombia, Dominican Republic, Ecuador, 
El Salvador, Jamaica, Mexico, Trinidad 
and Tobago [FSI, 2014]. In Brazil, 
methyl formate foam also is used in the 
manufacturing of houses for low-income 
families [Fisher, 2014]. Houses have been 
built using this technology in Paraguay 
and Uruguay. The technology also can 
be used to provide low-cost construction 
in countries where people have been 
displaced after natural disasters. This 
is a positive example of South-South 
cooperation to protect the ozone layer and 
mitigate climate change.

Commercial refrigeration. Brazil and 
Argentina have both begun installing 
supermarket refrigeration systems 
utilizing CO2 (mainly CO2 and ethylene 
glycol) instead of HFCs. Argentina was 
the first country to install a transcritical 
CO2 supermarket refrigeration system 
in the LAC Region. The system in the 
supermarket La Anónima in the city of 
Caleta Olivia, is 25% more energy efficient 
than equivalent HCFC systems. The system 
is expected to avoid emissions equivalent 
to 3,186 tons of CO2 over its lifetime, which 
is equivalent to planning 767 hectares of 
trees or removing 668 vehicles from the 
road [UNEP, 2016].

The Verdemar Supermarket opened in 
2010 in Brazil, the supermarket chose 
a CO2 cascade system with HFC-134a 
refrigerant as the high-side fluid. The 
new installation uses a cascade system 
composed of a twin primary system using 
75 kg of R-134a, and a secondary system 
using 100 kg of CO2. The resulting energy 
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efficiency was 30% better, compared 
with the previous HCFC conventional 
systems, lowering costs and contributing to 
environmental benefits [CCAC, 2014].

Air conditioning. In the air conditioning 
sector, Colombia is working to install 
district cooling in the city of Medellin, part 
of the old Chillers replacement project. 
The Multilateral Fund has also approved a 
feasibility study for District cooling in Punta 
Cana in the Dominican Republic. Trinidad 
& Tobago and Jamaica have MLF projects 
to deploy R-290 (hydrocarbon) splits at 
pilot level to initiate trainings to handle 
flammable refrigerants and to familiarize 
the market with the technologies. In 2015 
the Montreal Protocol Executive Committee 
approved a demonstration project in 
Colombia to use Hydrocarbons (HC] in 
commercial air conditioners.

Training of service technicians and 
good refrigerant management as well 
as end-of-life management
The importance of good refrigerant 
management for leak reduction is 
recognized worldwide. The introduction 
of old equipment replacement programs, 
good practices in maintenance and training 
of refrigeration technicians was critical for 
the success of the Montreal Protocol during 
the elimination of CFCs. Those programs 
continue to be implemented, focusing on 
the ongoing HCFC phase out and will also 
be critical for the inevitable phase down 
of HFCs.

Recovery, recycling, reclamation and 
destruction of contaminated refrigerants 
are implemented with success primarily 
in developed countries, usually through 
programs and laws such as producer 
responsibility, rational use, and proper 
management of fluorocarbons, home 
appliance recycling laws, and automobile 

end-of-life recycling laws. For example, 
Japan contains 46 home-appliance 
recycling plants and more than 60 f-gas 
destruction facilitates in commercial 
operation using various technologies.

Incentivize simultaneous 
improvements in appliance energy 
efficiency and low-GWP refrigerant 
alternatives
Replacing high-GWP HFCs with low-
GWP alternatives can catalyze significant 
improvements in the efficiency of the 
appliances, equipment, and foams 
that use them. Similarly, programs and 
standards designed to improve building 
and appliance efficiency can also catalyze 
reductions in the use of high-GWP HFCs 
by incentivizing and creating a market 
for alternatives that utilize low-GWP 
alternatives.

One option could be to use a full Life Cycle 
Climate Performance (LCCP) methodology 
to select environmentally superior products 
as part of energy efficiency programs 
instead of defining efficiency in terms of 
primary energy use. LCCP includes direct 
and indirect emissions, energy embodied 
in product materials, climate emissions 
during chemical manufacturing, and end-
of-life loss (typically refrigerants leakage). 
Using such a methodology would achieve 
better alignment between both HFC 
mitigation and energy efficiency objectives.
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CHAPTER 12.
Comparative Analysis 
of SLCPs Institutional 
and Legal Framework 

in Three Latin 
American Countries 
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Short-lived climate pollutants are 
gases and particulates that contribute 
to climate change and degrade air 
quality, affecting health and thus the 
enjoyment of human rights, especially 
among the most vulnerable populations. 
To promote measures to mitigate 
SLCPs, the Interamerican Association 
for Environmental Defense (AIDA), in 
collaboration with the Institute for Energy 
and Environment (IEMA) in Brazil, has 
written a report that analyzes the legislative 
and regulatory frameworks governing 
SLCPs in Brazil, Chile and Mexico. 23 
The review covers policies, laws, and air 
quality and climate change programs, as 

23. The complete document can be downloaded at (in Spanish): http://www.
aida-americas.org/es/contaminantes-climaticos-de-vida-corta-situacion-
actual-y-oportunidades-para-su-disminucion-y-control.

these relate to SLCPs. The three countries 
were chosen because they contribute an 
important amount of SLCPs regionally, and 
their governments have shown political will 
to reduce the contaminants.

Mexico has already officially incorporated 
SLCPs into its climate change policies. 
Chile has recently included actions to 
mitigate SLCPs in its new National Action 
Plan on Climate Change 2017-2022. In 
contrast, Brazil has displayed few signals 
that the government will adopt concrete 
measures to regulate SLCPs anytime soon, 
though it has shown political will to reduce 
GHG emissions as a whole. Cost effective 
measures to mitigate SLCPs exist and have 
already been applied in various countries 
with proven positive short-term impacts. 

12.2. Brazil 

Brazil is among the ten highest emitters of 
GHGs on the planet [WRI]. It is also one of 
the most urbanized countries in the world, 
and the pollution of its urban centers has 
become a serious public health problem. 
Although legislation, policies and programs 
exist to deal with air pollution and climate 

change, currently there is nothing that 
specifically addresses SLCPs.

Historically, the main source of GHG 
emissions in Brazil has been deforestation 
related to agriculture and cattle farming, 
two of the country’s primary economic 

Lead authors
Astrid Puentes and Florencia 
Ortúzar 
(Asociación Interamericana para la Defensa 
del Ambiente, AIDA)
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activities. Impressively, Brazil has been 
able to reverse rates of deforestation in the 
last few decades, consequently reducing 
gross GHG emissions by 72.5 percent 
between 2004 and 2016. On the other 
hand, emissions associated with the 
burning of fossil fuels for energy production 
have increased in parallel with economic 
growth. Considering recent discoveries of 
new national oil reserves, it is possible that 
the burning of fossil fuels will soon become 
Brazil’s main source of GHG emissions 
[SDSN & IDDRI, 2015].

With respect to SLCP emissions, Brazil 
stands among the five biggest emitters 
of methane in the world. Most of these 
emissions come from the country’s large 
cattle herds [GMI]. Moreover, methane 
emitted from large dams in tropical 
regions has not yet been considered in the 
calculation of emissions, despite the fact 
that, in 2016, 65 percent of the county’s 
electricity came from hydroelectric dams 
[SDSN & IDDRI, 2015], many of which 
are located in the Amazon [Fundación 
Proteger, International Rivers & ECOA]. 

Brazil is made up of many states with 
varied capacities for complying with 
national regulations. This inequality is 
evident when examining the national air 
quality control monitoring system, which 
is unreliable and suffers from a lack of 
territorial coverage. Because environmental 

authorities have not yet taken into account 
differences between states, many laws 
end in noncompliance. It is important that 
resources be allocated to improve capacity 
and monitoring, especially in the less 
developed states, to level air quality control 
efforts countrywide.

For example, there are Brazilian national 
standards that regulate PM10 and 
tropospheric ozone, but none that regulate 
PM2.5. The states of São Paulo and Espiritu 
Santo have passed local regulations for 
PM2.5, but São Paulo is the only state 
that has established maximum limits for 
the pollutant. Resolution 3/1990, which 
regulates national air quality standards, is 
currently being updated and is expected to 
include maximum limits for PM2.5. 

Brazil should consider regulating SLCPs 
by promoting the collaboration of state 
authorities with national and international 
agencies. The first step could be to 
enhance the compliance capacity of 
the less developed states, which should 
begin by improving monitoring networks. 
Considering the importance of Brazil’s role 
in anthropogenic methane production, 
and its dependence on hydroelectric 
power stations, it is recommended that 
the emissions of methane generated by 
dams be considered, especially as new 
large hydropower projects continue to be 
planned in the Amazon.

12.3. Chile

Chile’s contribution to global GHG 
emissions is relatively small; however, 
its emissions per capita are among the 
highest in the region. Although air quality 
has improved in recent years, thanks to 
government decontamination strategies, 
atmospheric pollution in several cities 

continues to be a problem. GHG emissions 
in Chile are primarily generated by the 
energy and transportation sectors [Chile 
MMA, 2011a]. Methane, which represents 
21 percent of Chile’s net GHG emissions, 
comes mainly from agriculture and landfills 
[Chile MMA, 2013]. The main sources of 
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PM2.5 emissions are the use of firewood 
and fuel burning vehicles, especially those 
running on diesel [Chile MMA, 2011b]. 

Chile has a long-standing history of air 
quality control, including national standards 
that regulate PM10, PM2.5 and ozone. In 
addition, multiple regulations and programs 
have been put in place that indirectly 
cut SLCP emissions without this being 
the goal. Such measures are scattered 
throughout the territory in the absence of a 
central public policy framework. For now, 
they do not incorporate a climate change 
objective. The political will to improve air 
quality should be translated into public 
policy instruments that will remain as a 
legacy for future governments, and that will 
also consider the climate benefits.

Chile is a partner of the Climate and Clean 
Air Coalition and, in 2015, included the 
reduction of SLCPs within the Nationally 
Determined Contributions (NDC).24 The 
country has included measures to account 
for and control SLCPs in its recently 
launched National Action Plan on Climate 
Change [MMA, 2017], leading to the 
development of national inventories to track 
SLCP emissions and mitigation [SINIA]. 

24. The NDC are official documents containing country commitments to reduce 
GHG emissions under the United Nations Framework Convention on Climate 
Change (UNFCCC).

In 2014, the Ministry of the Environment 
merged the Department of Air Quality 
with the Climate Change Office to create 
the Division for Air Quality and Climate 
Change, which includes the reduction of 
SLCPs as one of its objectives. 

As part of a 2014 tax reform, Chile 
introduced “green taxes.” The first of these 
taxes covers emissions from boilers and 
turbines. The second taxes the purchase 
of new vehicles, based on emission levels, 
performance and price [Chile Ministerio 
de Hacienda, 2014]. Both of these taxes 
influence black carbon emissions and 
are excellent examples of the progress 
made in Chile with respect to the taxing of 
emissions.

With regard to climate regulation, no laws 
or budgetary proposals have been put 
in place to translate existing political will 
into action. In fact, the goals set under 
the country’s INDCs are conditioned on 
economic growth and/or international 
financial assistance. Therefore, a next step 
to drastically reduce emissions, including 
SLCPs, should include regulations that 
secure the availability of economic 
resources, so that effective solutions can 
be implemented.

12.4. Mexico

Mexico is one of the top fifteen emitters of 
GHG emissions worldwide. The majority of 
these emissions come from transportation 
and electricity generation sectors [INECC]. 
The main sources of SLCPs are the 
transportation and industrial production 
sectors. In terms of air quality, Mexico 
City is one of the most densely populated 
metropolises in the world, and has a 
serious pollution problem that is also seen 
in other large Mexican cities. 

Mexico was one of the founders of the 
Climate and Clean Air Coalition. The 2012 
Climate Change General Law establishes 
the legal framework to elaborate the 
National Strategy for Climate Change 
and the Special Program for Climate 
Change (ENCC and PECC, in Spanish) 
[Mexico, 2012], both of which address 
SLCPs through specific paths of action. 
Furthermore, national regulations control 
ozone, PM10 and PM2.5 emissions. Recently 

 •
 B

ac
k 

to
 C

on
te

nt
s 

•



164 Progress and opportunities of reducing short-lived climate pollutants across Latin America and the Caribbean 

Mexico included the reduction of SLCPs 
in the text of the NDCs, as an additional 
promise to reduce GHG emissions 
[Mexico, 2015]. 

Considering the advances made in 
the regulation of SLCPs, the current 
challenge is to operationalize this policy 
framework. In general, Mexico is known 
to have effective institutional and policy 
frameworks, but implementation, evaluation 
and sanctioning have proved insufficient. 
To this end, concrete action is required to 
enforce existing laws and regulations and 
to strengthen national capacity, including 
the improvement of air quality monitoring 
systems, which are currently ineffective or 
incomplete. For SLCPs specifically, Mexico 
would need to enact the delayed update of 
NOM 044, which is intended to improve the 
control of emissions from diesel vehicles 
[Mexico SEMARNAT, 2006]. 

Mexico would also need to better 
coordinate its national and international 
agendas. The new commitments taken 
on by the INDCs need to be in line 

with the Climate Change Program and 
Strategy (ENCC and PECC), as all of them 
address SLCPs. This would facilitate future 
administrations’ efforts to effectively comply 
with the various commitments made. 

Another untapped opportunity lies in 
the energy reforms that Mexico began 
implementing in 2013 through constitutional 
reforms.  Temporary article 17 refers to 
the protection and conservation of the 
environment and encourages the effective 
reduction of GHG emissions and SLCPs. 
However, the same reform jeopardizes 
the achievement of climate change goals 
by facilitating the increased production of 
fossil fuels, which would increase GHG 
and SLCP emissions [Mexico, 2013]. The 
Mexican government should therefore 
strengthen internal coordination, ensuring 
integrity in its approach to the design and 
implementation of public policies. Mexico´s 
situation is an interesting case study for 
assessing the effectiveness of measures 
implemented in policies and programs to 
reduce SLCPs.

12.5. Conclusions and 
recommendations 

The following recommendations aim to 
mitigate SLCP emissions in Brazil, Chile 
and Mexico, capitalizing on the significant 
co-benefits for public health, the protection 
of human rights, ecosystems and 
economies, as well as for the global fight 
against climate change.

1. Implement robust legal frameworks 

and public policies that address 

the reduction of SLCPs: Appropriate 
legislation enables the establishment 
of institutional frameworks and 
integrated views of the problems to 

solve, facilitating the implementation of 
public policies and programs, and even 
the allocation of resources to achieve 
goals. The adoption of specific climate 
change legislation in countries that 
still do not have such laws presents a 
good opportunity (though not the only 
one) to design a structured strategy to 
mitigate SLCPs. Mexico has set a good 
example by being the first country in 
the region (and second in the world) to 
have passed a specific climate change 
law; however, the challenge of proper 
implementation remains.
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2. Strengthen institutions and 

coordination among different areas 

of government: To further the impact 
of SLCP reduction initiatives, internal 
capacities must be strengthened, 
recognizing that scientific knowledge 
is vital to monitoring emissions and 
implementing new technologies. 
Considering the relationship of SLCPs 
with different government sectors, 
effective internal coordination is 
crucial. In particular, communication 
between climate change and air quality 
departments must improve, as the 
actions taken by one impact the work 
of the other, and vice versa. Actions 
to reduce SLCPs benefit both areas. 
Chile has provided a good example by 
merging the Clean Air Division and the 
Climate Change Office, both within the 
Ministry of the Environment.

3. Guarantee financial resources: The 
availability of adequate and permanent 
financial resources to implement 
measures and technologies directed 
towards reducing SLCPs is essential. In 
the case of Mexico and Brazil, climate 
funds exist that can be used for the 
above purposes. Chile is less advanced 
in this regard, as it is yet to commit 
secured resources for climate change 
initiatives.

4. Refine and enforce air quality 

standards: Atmospheric pollution 
standards should be progressively 
updated to reflect World Health 
Organization’s recommendations 
(see Table 12.1). At the same time, 
sanctioning and monitoring systems 
must be made effective so that 
standards will be meaningful and 
effective. The three countries studied 
possess maximum concentration 
standards for PM10 and ozone, however 
only Chile and Mexico effectively 

regulate PM2.5. In any case, neither 
Mexico nor Chile match the WHO 
recommended levels and, moreover, 
the existing standards are generally not 
complied with or effectively enforced.  

5. Adopt existing best technologies: 
Many technologies have been 
successfully used in other countries 
to reduce SLCPs. Some can be easily 
implemented, such as the application of 
particle filters associated with the Euro 
5 Standard,25 already implemented in 
Brazil and Chile, which reduce almost 
all black carbon emitted from diesel 
vehicles. The risk of these kinds of 
measures is that, because they require 
installation of external accessories, their 
effectiveness depends on appropriate 
maintenance and inspection of vehicles, 
without which the benefits might become 
obsolete. Other technologies aimed 
at structural changes and long-term 
solutions are more costly, but are also 
more effective. With respect to emissions 
from public transport, for example, 
it is better to aim at the progressive 
replacement of the bus fleet with electric 
vehicles that do not emit polluting gases 
than the application of filters to old 
motors that could easily fail with time.  

6. Effective monitoring of air quality 

and access to information: To reduce 
air pollution in cities, well-functioning 
monitoring systems with ample territorial 
coverage that address all pollutants to 
be controlled are essential. At the same 
time, air quality information, including 
the methods used to gather it, should be 
transparent and made available to the 
public. In Brazil and Mexico, monitoring 
systems are deficient and only capture 

25. Euro Standard is the name by which European Emission Standards are 
known. They regulate the acceptable limits for exhaust emissions of new 
vehicles sold in the Member States of the European Union. These rules work 
through progressive implementation, listed numerically, increasing as they are 
become more restrictive.
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information from a relatively small portion 
of the national territory. This means that 
even if these countries have rigorous 
standards in place, they can only be 
implemented in a small number of cities. 
Measuring emissions from SLCPs and 
elaborating inventories on the matter 
is a good way to move forward with 
regulation and mitigation.

7. Incorporate a focus on human 

rights: Atmospheric pollution in various 
cities of the three countries has been 
associated with premature deaths and 
illnesses, especially affecting the most 

vulnerable populations. Additionally, 
SLCPs, particularly tropospheric ozone, 
affect crop performance, risking food 
security for entire populations. SLCPs 
are therefore a human rights issue. 
According to international human rights 
law, every State has the duty to protect, 
promote and respect human rights. In 
addition, all three countries recognize 
the constitutional right to a healthy 
environment. Therefore, to fulfill their 
human rights obligations, these States 
should promote effective measures to 
reduce SLCPs.

Table 12.1. Comparison of the Ambient Air Quality Standards and Guideline

BRAZIL CHILE MEXICO WHO USA EU
Pollutant Standard Max. 

Level
(µg/m3)

Avg. 
Ann. 
Max.

(µg/m3)

Standard Max. 
Level

(µg/m3)

Avg. 
Ann.  
Max.

(µg/m3)

Standard Max. 
Level

(µg/m3)

Avg. 
Ann. 
Max.

(µg/m3)

Guidelines
(µg/ m3)

Standard 
(µg/m3)

Standard 
(µg/m3)

Ozone  
(O3]

Resolution 
3/1990  

CONAMA

160  
(1 hr)

N/A DS 
112/2002

120  
(8 hr)

N/A NOM 
020

186  
(1 hr)
137  

(8 hr)

N/A 100  
(8 hr)

147  
(8 hr]

120  
(8 hr)

PM10 Resolution 
3/1990 

CONAMA

150 
(24 hr)

50 DS 
20/2013

150  
(24 hr)

repealed 
Norm

NOM 
025

75  
(24 hr)

40 50 (24 hr)
20 (ann)

150   
(24 hr).

50  
(24 hr)

40  
(ann)

PM2.5 N/A N/A N/A DS 
12/2011

50  
(24 hr)

20 NOM 
025

45  
(24 hr)

12 25 (24 hr)
10 (ann)

25  
(24 hr)

15  
(ann)

25  
(ann)

Note: O
3
 standards in Mexico and the US are reported in parts per million (ppm]; they are converted to µg/m3 according to the following formula: 1ppm=1960 µg/m3 at 

1 atm and 25oC.
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CONCLUDING REMARKS

This report identified the key measures on transport, residential, agriculture (open burning), 
small industry and oil and gas sectors that will deliver most of the reductions for black carbon 
and co-emitted substances in Latin America and the Caribbean region. The report also 
identified key measures on agriculture (livestock), municipal solid waste and waste water, and 
energy (coal, oil and gas) sectors that will deliver most of the methane reductions as well as 
highlighted the actions to address growing HFCs emissions in different sectors.

As demonstrated in the report, examples of successful implementation of the key measures 
identified are already available in various locations in the region. The effectiveness of the 
examples depends on several factors, including consideration of local conditions, existence 
of robust policies and programs, available technology, and effective access to financial 
support and incentives. What remains a challenge is facilitating widespread implementation 
of such technologies and practices nationally and regionally. 

In Latin America and the Caribbean, with a few exceptions, issues related to SLCPs are 
regulated and controlled by different national authorities mainly concerned with climate 
change and air quality, in addition to authorities responsible for particular sectors such as 
transport, agriculture, environmental protection, water management, waste management, 
energy, oil and gas, and health. Consequently, coordination and implementation of measures 
could be challenging.

Recently, advances have been made in Latin America and the Caribbean in the development 
of institutional and legal frameworks towards the improvement of air quality and the mitigation 
of climate change. Chile and Mexico, for example, have recognized SLCPs and their links 
with public health and the environment and have integrated air quality management and 
climate change policies. Although many countries in the region do not specifically consider 
SLCPs, some of these pollutants, such as O3 and PM2.5, are regulated and monitored as part 
of the air pollution control efforts. Other relevant legal frameworks regarding CH4 and other 
SLCP mitigation are related to environmental protection, and water and waste management. 
Therefore, the regional plan of action on atmospheric pollution could be used as the means to 
reduce SLCPs in the region, allowing much wider implementation of SLCP measures across 
the region as well as providing a framework for coordinated action with the support of the 
Regional Network on Atmospheric Pollution.

While important efforts have been made in the region to strengthen institutional capacity 
to improve air quality, challenges of adequate equipment, accuracy of data, and effective 
dissemination of information to the public remain. It is crucial for countries to invest and 
strengthen their monitoring networks, which are essential for assessing progress in air quality 
management, evaluating the effectiveness of applied measures, and taking appropriate 
action for improvement. Furthermore, there is an urgent need to generate information at 
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all levels to fully understand the processes and options for mitigating SLCPs. Complete 
and public information can help raising awareness and better participation of stakeholders 
towards stronger and effective networks and participatory processes.

The analysis described in this report suggest that despite differences among countries 
and sectors, there are common needs that should be considered as opportunities for 
improvements. Comprehensive and coordinated policies, laws and regulations are crucial 
for making progress in all sectors. Nevertheless, some countries in the region still lack an 
appropriate legal framework in which policies can be developed and implemented. One of 
the main challenges identified by several sectors is the lack of policies and well-defined laws 
and regulations, as well as effective enforcement with penalties for non-compliance. Despite 
the need to improve policies and regulations, there are already laws and regulations in place 
in some of the countries in the region. However, in many cases those policies and plans 
lack concrete indicators to monitor progress, which impede measurement of advancements, 
evaluation of results and incorporate adjustments if needed. 

All sectors have identified the need to build capacity because of the necessity of scientific 
and technical expertise to monitor emissions, generate information and implement available 
technologies. Strengthening networks and sharing lessons learned and good or bad 
practices are among the possibilities that the region could exploit to increase capacity. 
Improving, developing, and introducing technology is another crucial opportunity identified 
across sectors. Significant advances in technology have already been demonstrated 
in this report. However, the examples profiled in this report are still limited; much wider 
implementation of successful measures is needed. 

Many countries in Latin America and the Caribbean have particular challenges in funding 
activities for SLCP mitigation. Making sure that there are economic incentives in place, 
with effective financial mechanisms and sufficient resources to promote the changes 
needed, is crucial for all sectors. Economic instruments such as the increase in fuel prices 
in Colombia and Mexico, and financial support for improved cookstoves, among other 
initiatives, have been shown to contribute to the necessary advances. Many of the effective 
measures required for BC, CH4 and other SLCP mitigation are new in the region; making 
sure that financial resources are available for the introduction of advanced technology and 
infrastructure should be a priority for the region and the international community.

In summary, as demonstrated in this report, countries in Latin America and the Caribbean 
region have made significant progress in reducing the emissions from key sectors of short-
lived climate pollutants through a small number of identified measures. The governments 
across the region have the opportunity to achieve lasting benefits for public health, the 
environment and climate by creating an enabling environment for wider implementation of the 
identified measures through effective legal and institutional frameworks, appropriate public-
private partnerships, economic incentives, and dedicated research and development.

More rapid and wider implementation of the identified measures in the region can lead to 
improved agricultural competitiveness and food security, reduced damages from cumulative 
effects such as sea-level rise, melting rate of glaciers, and biodiversity loss in the region, as 
well as provide better air quality for the citizens, especially women, children and the poor. 
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