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PRESENTATION 

The Belo Horizonte City Hall, through the Municipal Environment Secretariat - SMMA, presents the 

results of its 4th Greenhouse Gas Emissions Inventory (GHG), referring to the years 2014 to 2019, 

as well as bringing updates to from 2009, with the objective of establishing the city's emissions 

profile in a temporal projection on the same methodological basis currently adopted. This report 

presents a history of inventories in the municipality, a description of the methodology and the 

presentation of the main results. 

 

The inventory of GHG emissions is a prerequisite for the establishment of mitigation proposals, 
constituting the basis of the Municipal Climate Change Policy. 
 
Belo Horizonte is located in the Southeast Region of Brazil, in the State of Minas Gerais, with a 

tropical altitude climate, characterized by summer with rain and high temperatures and winter 

with low temperatures and little precipitation, with an average altitude of 900 meters above sea 

level and latitude and longitude of 19.81° S and 43.95° O, respectively.  

 

 

Figure 1 - Illustrative photo of the south-central region of Belo Horizonte with Serra do Curral, 

Heritage of the Municipality in the background. 
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The Municipality was founded in 1897 to be the capital of the State of Minas Gerais and the 

Metropolitan Region (RMBH) is formed by 34 municipalities that occupy an area of 14,979.1 km², 

with an estimated population in 2019 of 5,961,895 inhabitants, being the third largest Brazilian 

population agglomeration. In Belo Horizonte the estimated population in 2019 was 2,501,576 

inhabitants spread over a territory of 331 km2, being the sixth most populous municipality in the 

country and the most populous and densest in the State of Minas Gerais. The municipal territory is 

divided into 9 (nine) regional administrative units, as shown in Figure 2. 

 

Figure 2 - Regional and water courses in the municipality of Belo Horizonte. 

The GDP1 of the Municipality in 2017, updated for 2019 was R$ 95.69 billion2, which represents 

about 15.5% of the State's GDP. It is the fourth Brazilian municipality in participation in the 

national GDP indicator and is characterized by the predominance of the tertiary sector in the 

economy, with more than 80% of the municipality's economy concentrated in services, with 

emphasis on commerce, financial services and real estate and public administration. Industrial 

activities are diversified in the municipality and, although comparatively smaller than the provision 

of services and commerce, they still represent a significant contribution.  

 

 
1The official annual GDP is released two years later. This period is necessary for the accounting of the most complete 

and comprehensive databases (structural bases), derived from the various annual surveys carried out by IBGE and 

allows the revision of previously published estimates. For this reason, in this inventory the most updated value used is 

for the year 2017.  
2The 2017 GDP value in current price was R$ 88.95 billion, whose corrected value for 2019 totals R$ 95.69 billion. 

Sources: IBGE (GDP current prices), BACEN (National GDP last year prices and implicit deflator, available at 

<https://www3.bcb.gov.br/sgspub/>, accessed on August 27, 2020); SMPOG (estimate of the present price values 

considering the application in national GDP to present values of BH's participation in national GDP in current values). 
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1 - INTRODUCTION 

The National Policy on Climate Change (PNMC) formalizes Brazil's voluntary commitment, 

together with the United Nations Framework Convention on Climate Change, to reduce 

greenhouse gas emissions, in accordance with the goals established in the Paris Climate 

Agreement of 2015. This Policy was instituted in 2009, by  Law No. 12,187, seeking to ensure that 

economic and social development contribute to the protection of the global climate system. 

 

Municipalities have a fundamental role in the implementation of public policies for mitigation and 

adaptation in relation to climate change, since many ways to reduce GHG emissions and their 

effects on global warming are within their competence to act and plan. Avoid tree suppression, 

invest in reforestation, urban afforestation and in the conservation of natural areas, encourage 

the use of renewable energy, reduce energy consumption, excel in energy efficiency, practice and 

promote the policy of the 3R's (reduce, reuse and recycle materials), employing low carbon 

technologies, improving public transport with low GHG emissions, are some of the many 

possibilities. 

 

Understanding the local responsibility in GHG emissions to face climate emergencies, in absolute 

disclosure, the Municipality of Belo Horizonte established a Municipal Climate Policy, with actions 

under development since 2009, having among its pillars: 

 

• TheMunicipal Law 10.175, of May 2011, which institutes the Municipal Policy for 

Mitigation of the Effects of Climate Change, and is in the process of being revised for 

improvement. 

• The Municipal Committee on Climate Change and Eco-Efficiency - CMMCE, a collegiate 

body with multiple sectoral and organizational representations in which various municipal 

and state departments and agencies, representatives of organized civil society and 

productive sectors, aim to ensure the necessary engagement for development and 

application of the policy and its instruments.  

• The Inventory of Greenhouse Gases, one of the instruments of the Policy that allows the 

self-assessment of the local government regarding emissions and the understanding of the 

extent of its impact on the environment. From the Inventory, it is possible to know the 

sector's emissions and propose actions to achieve the agreed goals. Belo Horizonte 

published its first inventory in 2009, referring to emissions assessed between 2000 and 

2007. In 2012, was edited the second update for the years 2008, 2009 and 2010. The third 

update edited in 2015 inventoried the emissions for the years 2010, 2011, 2012 and 2013. 

Now in 2020, in its fourth edition, data for the period 2014 to 2019 are presented, as well 

as the update on the same methodological basis for the years 2009 to 2013.  

http://www.planalto.gov.br/ccivil_03/_ato2007-2010/2009/lei/l12187.htm
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• The Greenhouse Gas Reduction Plan - PREGEE, which listsmitigating actions in the various 

sectors correlated with GHG emissions by anthropic action, with a view to achieving the 

goal of reducing these emissions. The municipality prepared the first PREGEE in 2012-2014 

and its second revised edition is currently under development - PREGEE 2020.  

Belo Horizonte has a relevant inventory of greenhouse gas emissions. The first edition of 2009 

(period from 2000 to 2007) was carried out by the company Munduscarbo Soluções Ambientais e 

Projetos de Carbono. The inventory followed the precepts and approaches proposed by the “IPCC 

2006 Guidelines for National Greenhouse Gas Inventories”, in addition to the ICLEI guidelines, the 

standards of the GHG Protocol and the international standard ISO 14064: 2006 Part 1 (although 

these last two standards have been developed for application in corporate inventories, some 

assumptions related to the organization of the report structure and presentation of results have 

been incorporated into this document). The methodological support and international 

standardization ensured the inventory transparency and allowed its comparison with others 

produced in Brazil and abroad. In this report, were presented emissions in tons of CO2Eq broken 

down into sectoral scope identifications: energy, change in land use and waste (solid waste and 

liquid effluents). This report made it possible to identify the predominant emissions through 

comparative analyzes between Energy - mobile source, Energy - stationary source, Energy - 

electricity, Energy - fugitive source, Treatment of Liquid Effluents and Solid Urban Waste. 

Emissions related to land use change were also analyzed, whose results proved to be irrelevant, a 

fact that culminated in the exclusion of this parameter in the following editions.  

 
The second edition, which constituted the first update, in 2012, was also carried out through 

consultancy contracted by bidding, won by the company WayCarbon, which developed the works, 

considering the period from 2008 to 2011. For the update, a different methodology was adopted 

from the one adopted in the achievement of the 2009 edition, in view of the methodological 

advances of the period, which culminated in the affirmation of the IPCC guidelines for national 

inventories (2006 IPCC Guidelines for National GHG Inventories) in form of the Global Protocol for 

Community - Scale GHG Emissions (GPC 2012). The document identified that although there was a 

small loss of comparability with the previous Inventory, this methodology proved to be more 

adequate and better adapted to the municipal urban dynamics, better representing the sectors 

and sub-sectors responsible for GHG emissions. 

 

In the third edition of the Belo Horizonte Greenhouse Gas Inventory (2015), covering the period 

from 2011 to 2013, the same methodological framework as the previous edition was maintained, 

comprising a series of six years of methodological unit, allowing the analyzes comparative in this 

period. The emission calculations were carried out based on the methodology adopted by the 

consultancy WayCarbon and the use of pre-configured spreadsheets for this update. From that 

point on, SMMA / PBH entered data and tabulated the results obtained in the form of graphs and 

tables, in order to subsidize the analytical report. The preliminary analyzes developed by the 

technical team were made available as a draft for consideration by the CMMCE members. The 

draft was then revised and compiled in its final version. 
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The current analysis, which constitutes the 4th Edition (2020) and 3rd Update, refers to the 

estimate of GHG emissions for the years 2009 to 2019, on the same methodological basis. To 

prepare the inventory, WayCarbon was contracted, through a bidding process, which made the 

CLIMAS Platform available, meeting all the normative premises and technological innovations, 

being responsible for emission modeling, according to the parameters of the main emission 

sources in Belo Horizonte. The SMMA team was in charge of collecting data, feeding the software, 

analyzing progress and preparing the final report, and WayCarbon was responsible for advising 

SMMA at all stages. The participation of the CMMCE was essential to facilitate the collection of 

information and enable the analysis of the results.  

 

It is important to clarify that over these 11 years of evaluation with the monitoring of a 19-year 

data sequence (from 2000 to 2019), much progress has been made in the methodological 

development of valuation of GHG emissions. In each edition of the inventory, the milestones were 

established, in line with the established protocols, and the adjustments to the updates were 

regulated and made. The sectoral actors involved were trained to make data available, according 

to the dimensional basis, which allowed, in 2009, to add yet another relevant variable from the 

solid waste sector and, therefore, in the present work, it was considered that the update of the 

years previous years, would take place as of that year, enabling a comparative series of data.  
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2 - METHODOLOGY  

The Inventory of Direct and Indirect Emissions of Greenhouse Gases of Belo Horizonte aims to 
survey the sources and report GHG emissions and removals resulting from human activities. This 
4th edition of the Inventory updates the basic data for calculating GHG emissions in the period 
between 2014 and 2019 and reviews emissions from 2009 onwards in the same methodological 
basis. 
 
The steps for preparing this inventory consisted of:  
 

• Carrying out of software bidding, with resources from environmental compensation, 
aiming at the management of GHG emissions and the elaboration of the updating of the 
municipality's GHG emissions inventory; 

• Acquisition of the Climas Platform, made available by the company WayCarbon, to 
calculate GHG emissions by sector and scope, as defined by PBH; 

• Forwarding of letters to the bodies responsible for the activities linked to the sources of 
GHG emission, according to the parameterization of the Climates Platform, requesting the 
necessary data to feed the system. Belo Horizonte data were obtained from the following 
agencies: COPASA - Companhia de Saneamento de Minas Gerais - information about 
sanitary sewage; CEMIG - Minas Gerais Energy Company - information on electricity sales; 
SLU - Urban Cleaning Superintendence - information on solid waste generated in the 
municipality; ASJA - international group responsible for the plants located in landfills; 
GASMIG - Companhia de Gás de Minas Gerais, provides data on the use of natural gas; and 
ANP - National Petroleum Agency, which provides the figures for the sale of fuel; 

• Identification and mobilization of the actors to compose the CMMCE, responsible for the 
construction of criteria and validation of the stages. Greater sectoral engagement and 
diversity of bodies were sought (public and private institutions, academia, companies in 
the sectors and organized civil society); 

• Insertion of data on the Climas Platform, by SMMA; 

• Obtaining emission estimates; 

• Data analysis;  

• Report preparation - 4th Edition of the GHG Emissions Inventory. 

 

CMMCE actively participated in the preparation of this inventory, mainly in the discussion and 

validation of principles, criteria and in the analysis of results. It is verified that, through the 

Committee, this Policy presents greater capillarity in sectoral policies and in civil society, as well as 

allows the appropriation of specific sectorial knowledge, fundamental to guarantee the reliability 

of the databases and coherent analysis of the results.  

 
Climas Platform, software developed by Way Carbon and used in this inventory, has as its general 

orientation the Global Protocol for Community - Scale GHG Emissions (GPC 2014), a document that 

compiles the general guidelines for making municipal inventories of GHG emissions. GPC 2014 

shares the terminology of several international emissions reporting programs, including the C40 
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Cities Climate Leadership Group, the International Local Government GHG Emissions Analysis 

Protocol (IEAP-ICLEI) and the GHG Protocol Corporate Accounting and Reporting Standard 2.  

 

GPC is a robust and clear methodology, which allows data aggregation and reliability (GHG 

Protocol, 2014), in addition to enabling comparisons between emission inventories from different 

local governments, pre-establishing requirements and providing guidance for calculating and 

reporting results obtained. 

 

To ensure the reliability of the inventory, the GPC 2014 methodology establishes five principles 

that were applied in their entirety in the development of this study, namely:  

1. Relevance: The GHG inventory should appropriately reflect the GHG emissions of the 

municipal government and should be organized to reflect the areas over which that 

government exercises control and has responsibility.  

2. Coverage: All greenhouse gases and activities that cause emissions within the boundaries 

chosen for the inventory must be accounted for. Any exclusion must be justified.  

3. Consistency: Consistent methodologies should be used to identify boundaries, collect and 

analyze data and quantify emissions.  

4. Transparency: All relevant issues should be considered and documented in an objective 

and consistent manner to provide a background for future reviews and replications. All 

data sources and assumptions assumed must be made available together with specific 

descriptions of the methodologies and data source used.  

5. Accuracy: the quantification of GHG emissions should not be systematically under or 

overestimated. 

 

GPC Methodology identifies GHG emissions by sectors and sub-sectors, which are stratified as 

shown below. The sectors and subsectors under emphasis are those considered in the inventoried 

emissions in Belo Horizonte. 

1. Stationary Units Sector  

1.1. Residential  

1.2. Commercial and institutional  

1.3. Manufacturing and construction industry 

1.4. Energy industries.  

1.5. Agriculture, Forestry and Fisheries 

1.6. Unspecified sources 

2. Transportation  

2.1. Land carrier 

2.2. Railways 

2.3. Waterway 

2.4. Aviation 

2.5. Off-road transportation 

3. Waste  
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3.1. Solid Waste Disposal 

3.2. Biological Treatment of Waste 

3.3. Incinerating  

3.4. Treatment / discharge of effluents 

4. Industrial Process and Product Use (IPPU):  

4.1. Industrial processes  

4.2. Products Uses 

5. Agriculture, Forest and Land Use 

5.1. Livestock  

5.2. Agriculture 

5.3. Non CO2 Emissions 

6. Agriculture, Forest and Land Use 

 

Emissions from the Stationary Units Sector, which are subsectorized in residential, commercial / 

institutional and industrial emissions, are essentially GHG emissions related to energy 

consumption in each profile.  

 

Emissions from the Mobile Units Sector, which are subsectorized in emissions by road, rail and air 

transport modal, reflect the GHG emissions from the energy matrix of the transport systems 

implemented in the Municipality. 

 

Emissions from the Waste Sector are subsectorized in emissions by disposal of waste in landfills, 

biological treatment of waste, incineration and treatment / discharge of effluents. There are no 

incineration plants in the municipality, however, several economic activities generate waste 

disposed in incineration units outside the municipal territorial limit. These are emissions that 

cannot be calculated because they are individualized information from private or public 

undertakings and which, within the scope of the inventory, are considered irrelevant. As of 2018, 

the destination of tires and wood for energy use began and the assessment of the emissions 

related to this treatment was leased at the Climas Platform in subsector II.3 - Incineration.  

 
Some exclusions have been made and are subsequently justified. In the stationary emissions 

sector, there are no power generation industries in the municipality. The data sent by CEMIG 

identified the own consumption of the units located in the municipality as a generation industry. 

In this edition, such data was migrated to the commercial and institutional subsector, to make the 

identification of the activity in the City Hall compatible. It should be noted that in Belo Horizonte 

there are actions to encourage the generation of solar energy in projects, whether due to the 

policy implemented by the electric energy concessionaire, or in the licensing of impact projects as 

mitigating measures, or motivated by environmental sustainability certifications. These policies 

result in several small solar power generation units distributed throughout the territory in public 

and private enterprises, whose data are not possible to be identified for parameterization in the 

inventory. However, such units reflect a reduction in electricity consumption, which is a parameter 

regularly monitored in the Inventory. 
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The entire territory of the municipality is characterized by an urban area, with no agricultural 

activities that are significant sources of quantitative correlation of GHG emissions. Municipal food 

security and environment policies have on their agendas the promotion of agroforestry and urban 

agriculture projects, which are implemented and / or under development, but which were not 

considered for the purpose of the inventory, as they are interventions irrelevant to GHG 

emissions.  

 

There is a railway network in the municipality, with lines operated by different companies and 

which has a multi-regional scope, so far it has not been possible to obtain information that would 

ensure the premises of comprehensiveness, accuracy and consistency, to insert this source in the 

inventory. The Belo Horizonte subway is a single metropolitan line serving the municipalities of 

Belo Horizonte and Contagem, with an average traffic of 210 thousand passengers per day, 

operated by Companhia Brasileira de Trens Urbanos (CBTU) in an extension of approximately 28 

km. Also in this case, it has not been possible to obtain, up to the present, information that could 

correlate the local emissions related to this means of transport. Thus, the railroad modal was 

excluded from the inventoried series. 

 

Industrial Processes and Product Use (by the acronym IPPU, in English, referring to the volume of 

the same name as the IPCC) were not considered in this update. These emissions result from 

production processes in specific industrial sectors that may involve the activities of thermal 

degradation of carbonates, synthesis of nitrogen fertilizers or other substances containing 

nitrogen, synthesis of polymers and / or fluorochemicals, synthesis of paraffin wax, production of 

solvents, production of integrated circuits or semiconductors, production of refrigeration systems, 

aerosols or propellant gases. According to the IPCC, some emissions of this sectorial scope occur in 

the synthesis stage (physical or chemical transformation) of certain products (such as in the 

manufacture of cement, lime, glass or ceramics, among others) while others occur in the stage of 

use or consumption of them (as is the case with solvents, ammonia, nitrous oxide and paraffinic 

wax, among others).  

 

Among the industrial types that are in operation in Belo Horizonte, none are GHG emitters in the 

synthesis of their final product. Some of them, however, use as inputs or raw materials some 

substances that imply GHG emissions during their use or consumption stage. Due to the 

impossibility of accessing the consumption information of such substances in the private sphere, it 

was decided to exclude this group of emissions. It is worth noting the fact that the State Inventory 

of Greenhouse Gas Emissions of Minas Gerais (2008, base year 2005, without updating) 

considered only the industrial types that emit GHG in the synthesis of the final product, not 

including the emissions resulting from the use or consumption of products. As a way to overcome 

the difficulty of accessing information that is scattered in the private sphere, the IPCC proposes an 

approach to account for this type of emission in the source producing such substances, even 

though the emissions occur only in the stage of use or consumption of them. 

 

Another exclusion made in this inventory was related to the group of emissions from Agriculture, 

Forestry and Other Land Use (by the acronym AFOLU, in English, referring to the volume of the 

same name of the IPCC), which comprise the net emissions or removals due to changes in carbon 
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stocks contained in forests, agricultural areas, pasture areas and urban building areas. This group 

of emissions was carefully analyzed in the inventory from 2000 to 2007, through georeferencing of 

land use classes in Belo Horizonte. At the time, it was noticed that there is no significant variation 

in the soil's carbon stocks in the city, since the densely wooded regions are not susceptible to 

urbanization (parks and preservation areas). Also according to GPC 2014, this group of emissions 

can also be excluded, since its application at the level of urban local government is complex and 

often irrelevant. 

 

Fugitive emissions, which would be methane emissions from leaks in the Natural Gas distribution 

line in the city, were also disregarded. These emissions were estimated in the 2000 to 2007 

inventory using generic emission factors provided by the IPCC and proved to be irrelevant. In 

addition, the calculation of these emissions is considered optional for inventories by GPC 2014. 

 

It is considered that the exclusions do not compromise the final evaluation because they are 

irrelevant sources, or that it is impossible to collect the information, due to its type and nature, 

being dispersed in enterprises whose data are difficult to access. Exclusions determined by the 

nature of the source constitute the reality of other inventarians due to the difficulty of accessing 

the data, which allows a comparative analysis between the municipalities on a consistent basis.  

 

According to the GPC 2014 standard, sectors can be classified based on operational geopolitical 

boundaries, called scopes. Scopes have the following characteristics and boundaries:  

 

➢ Scope 1: GHG emissions from sources located within the municipality's borders.  

➢ Scope 2: GHG emissions from energy consumption from the electricity transmission and 

distribution network within the municipality's borders. 

➢ Scope 3: All other GHG emissions that have occurred outside the boundaries of the 

municipality, as a result within the boundaries of the municipality.  

 

Figure 3, presented below, illustrates the flow of emissions by scope as defined in the GPC 

Protocol.  



15 
 

 

Source: GHG Protocol, 2014 

Figure 3 - Sectors and Scopes 
 

 

For the Stationary Sources Sector, GHG emissions from the burning of fuels and consumption of 

electricity are evaluated, as reported by ANP, GASMIG and CEMIG.  

 

The Mobile Sources sector has its emissions considered by the fuel sales allocation criterion whose 

data are provided by the ANP.  

 

The Waste Sector, with regard to solid waste, has its emissions assessed according to the modeling 

on the Climates Platform, with the feeding data provided by SLU - Superintendence of Urban 

Cleaning and ASJA (company that operates the landfill energy use plants). Emissions from the 

treatment of liquid effluents at Sewage Treatment Stations - ETEs and those originating from the 

release of raw sewage directly into water courses constitute subsector 3.4 and were assessed by 

COPASA. COPASA clarified that it carries out the inventory of its emissions on the same 

methodological bases defined in this inventory, which made it possible to use the emission results 

evaluated by the company totaled in tCO2e, as per segregation by units requested by PBH.  

 

The sectors and sub-sectors of Belo Horizonte are described and characterized in the item 

"Specific Emissions by Sector" to enable the understanding of the emissions covered by the 

Municipal Inventory that correspond to those originating in Belo Horizonte (Scope 1 emissions), 

those related to the consumption of electricity (Scope 2) and also those that originate outside its 

geopolitical boundaries (Scope 3 emissions).  

 

Scope 3 emissions included in the Belo Horizonte inventory are allocated to the following 

municipalities: 
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➢ Lagoa Santa Municipality - is the place where sales of aviation gasoline and aviation 

kerosene are registered to serve the Tancredo Neves International Airport (or Confins 

Airport), the main airport for the Belo Horizonte public.  

➢ Sabará Municipality - is the location where the Waste Treatment Center - CTRS Macaúbas 

is installed, which has the sanitary landfill that receives most of the urban solid waste 

generated and collected in Belo Horizonte.  

➢ Sabará Municipality facing Belo Horizonte: it is the place where the Arrudas Sewage 

Treatment Station is located, which receives and treats much of the sanitary sewage 

generated in the municipality.  

In this update of the Inventory, emissions related to carbon dioxide (CO2), methane (CH4) 

andnitrous oxide (N2O) gases were accounted for. Emissions of hydrofluorocarbons (HFCs), 

perfluorocarbons (PFCs) and sulfur hexafluoride (SF6), investigated according to the IPCC 

guidelines, were not identified in the Municipality for the inventoried sources. Emissions were 

recorded in tons of specific GHG and converted into tons of CO2 equivalent (tCO2e) according to 

global warming potentials (GWP). The GWP values3 varied from the period from 2009 to 2012 to 

the period from 2013 to 2020, as shown in Table 1.  

Table 1: GWP of greenhouse gases 

Gas 
Global Warming Potential (GWP) 

Year - 2009 to 2012 Year - 2013 to 2020 

CO2  1 1 

CH4  21 25 

N2O 310 298 

Renewable CO2  1 1 

 
Applying the data from previous inventories (2009 to 2013) to the Climas Platform (current tool), a 

variation of the GHG emission values was identified in relation to those previously calculated.  

The differences in GHG emission results from some sources resulted from the improvement of 

calculations and / or the use of “local” factors instead of the use of generic factors from the IPCC, 

which makes the current base results more reliable. Another more relevant aspect is the 

difference in modeling for accounting for landfill emissions. Landfill emissions were accounted for 

using the first order decay method - First order of decay (FOD) and in this inventory methane 

commitment - Methane commitment (MC) was adopted. The GPC defines the two approaches for 

the waste16 sector as possible, with Metando Commitment being the one adopted by Platafoma 

Climas.  

 

3 GHG EMISSIONS BY SECTOR 
 

 
3Global Warming Potential (GWP): measure of how a given amount of GHG contributes to global warming, comparing 
the gas in question with the same amount of CO 2  (whose potential is set to 1). This factor considers the heat 
absorption ability and the amount of gas removed from the atmosphere in a number of years. 
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3.1 STATIONARY ENERGY SOURCES 

This sector includes anthropogenic emissions due to the production, transformation, distribution 
and consumption of different forms of energy. The categorization of emissions by scope occurs 
through the following allocation process: 
 

➢ Scope 1: includes emissions from burning fuels in homes, in services, commerce and 

industries.  

➢ Scope 2: includes emissions from electricity consumption from the local, regional or 

national supply system. In Brazil, energy generation and distribution is connected to the 

National Interconnected System (SIN). Scope 2 emissions are related to all electricity 

consumption observed within the borders of the inventory, regardless of the energy 

production location. 

The Table 2 summarizes the subsectors correlating them with the scopes and precursors as 
identified in Belo Horizonte for Stationary Energy Sources.  
 

Table 2 - Subsector, Scopes and Precursors of the Sector Stationary Energy Sources 

Sector Subsector Scope  Precursor 

I. Stationary sources of 
energy 

I.1 Residential 
Scope 1 

Liquefied petroleum gas (LPG) 

Natural gas 

Scope 2 Electricity / Brazil 

I.2 Commercial and 
institutional 

Scope 1 

Diesel / Brazil 

Liquefied petroleum gas (LPG) 

Natural gas 

Fuel oil 

Scope 2 Electricity / Brazil 

I.3 Industrial  
Scope 1 

Diesel / Brazil 

Liquefied petroleum gas (LPG) 

Natural gas 

Fuel oil 

Scope 2 Electricity / Brazil 

 

The Table 1 and the Graph 1 - Evolution of GHG emissions in the Stationary Sources Sector by 

precursors - demonstrate an accelerated growth in emissions from 2011 to 2014, the year in 

which the inventoried records reach their peak, totaling 977,733 tCO2e. The variations in emissions 

in this sector show significant increases in emissions from the period 2009 to 2014, a sharp decline 

between 2014 and 2016 and a certain stabilization between 2016 and 2019. It should be noted 

that the city of Belo Horizonte was one of the host cities for the World Cup in 2014. In order to 

enable local adaptation to the event, numerous investments from the public and private sectors 

were demanded in several thematic areas and specific public policies, with a view to improving the 

local infrastructure. This agenda boosted economic activity in the years leading up to the event 

and was compatible with the evolution of GDP presented in the item Community Emissions.  
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Between 2011and 2014, emissions rose by approximately 83% (ranging from 535,226 tCO2e to 

977,773tCO2e).  

 

Between 2014 and 2016, GHG emissions were reduced by approximately 32%, with more 

significant reductions coming from the consumption of electricity and natural gas in absolute 

numbers. Emissions for the years 2017, 2018 and 2019 remained with slight variations at levels 

similar to the emissions for the year 2016.  
 

Table 1 - Sector I Emissions - Stationary Energy Sources disaggregated by precursor 

PRECURSOR 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Diesel / Brazil 24,554 31,736 32,682 45,731 48,232 23,256 11,053 9,772 13,618 18,594 14,327 

Electricity  94,740 206,499 123,844 282,165 427,474 614,716 542,482 353,517 396,864 313,508 314,406 

LPG 249,328 247,361 244,416 231,058 215,494 210,230 222,625 230,829 222,927 217,157 226,977 

GN 124,748 140,309 130,787 120,893 102,248 126,534 (90,393) 63,607 74,216 98,317 112,732 

Fuel Oil.l  4,769 4,778 3,498 3,052 4,525 2,998 1,729 1,769 896 2,317 1,999 

TOTAL 498,139 630,683 535,226 682,898 797,972 977,733 868,281 659,494 708,520 649,892 670,440 

 

Graph 1 - GHG Emissions from BH - Stationary Energy Sources by Precursors 

The Table 2 and the Graph 2 show the evolution of GHG emissions from stationary sources 

disaggregated by subsector. Emissions from the residential sub-sector correspond to those with 

the highest proportion of GHG gas contributions over the 11 years inventoried for stationary 

sources of energy (ranging from 39% to 49% of Emissions from Stationary Sources). As of 2013, it 

appears that commercial and institutional activity started to emit more GHGs than the industrial 

sector, generating a marked inflection of trend, consistent with the role of service provision and 

commerce today, which represents the largest portion economic activity in the municipality. 

Table 2 - Emissions disaggregated Stationary Sources Sub-sector in tCO2e 

SECTOR SUBSECTOR 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

I. Stationary 

sources of 

energy 

I.1 Residential 243,084 287,908 248,957 295,324 324,801 376,687 366,899 311,013 328,476 305,080 314,127 

I.2 Commercial 

and institutional 91,571 135,089 102,349 180,483 257,562 362,338 328,657 230,558 244,272 201,066 206,095 

I.3 Industrial 163,484 207,686 183,920 207,091 215,609 238,708 172,725 117,923 135,773 143,746 150,218 

TOTAL 498,139 630,683 535,226 682,898 797,972 977,733 868,281 659,494 708,520 649,892 670,440 
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Graph 2 - GHG Emissions - Stationary Sources of Energy disaggregated by Subsector 

In order to provide more details on the dynamics of emissions related to stationary sources, GHG 

emissions from the subsectors disaggregated by prercusors are presented. Through them it is 

possible to identify the tendency to substitute energy sources.  

 

The Table 3 and the Graph 3 show the emissions of the Residential sub-sector, disaggregated by 

precursors. There are different evolution of emissions from the generation of electric energy 

compared to the emissions derived from the consumption of LPG. There is a growth in emissions 

from the consumption of electricity at a high gradient between 2011 and 2014, accompanied by 

the decrease in emissions resulting from LPG, demonstrating the replacement of energy sources in 

this period. As of 2013, it is registered that the emissions resulting from the consumption of 

Natural Gas show an exponential growth, however they represent only 3% of the total emissions 

of this subsector in the year 2019.  

 

Table 3 - Emissions of the Residential Subsector disaggregated PrecursorsintCO2e 

SUBSECTO

R 

Precursor 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

I.1 

Residential 

Electricity / 

Brazil 

35,193 75,795 43,357 97,977 150,220 222,210 197,594 131,230 147,932 119,882 123,316 

LPG 207,891 212,113 205,600 197,347 174,428 154,150 168,780 178,195 174,903 176,247 180,243 

Natural gas     153 327 525 1,588 5,641 8,951 10,568 

TOTAL 243,084 287,908 248,957 295,324 324,801 376,687 366,899 311,013 328,476 305,080 314,127 
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Graph 3 - GHG Emissions – Residential Subsector disaggregated by precursor 

The Table 4 and the Graph 4 show the emissions of the Residential / Commercial Subsector 

disaggregated by precursors. For graphical representation, natural gas and fuel oil were added in 

an “other” identification, since together they represent low emissions compared to electricity, LPG 

and Diesel.  
 

Table 4 - Emissions Subsector Commercial / Institutional disaggregated Precursors in tCO2e 

SUBSECTOR PRECURSOR 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

 
 
I.2 
Commercial / 
Institutional 

Diesel / Brazil 6,020 6,615 7,354 7,742 4,782 3,119 2,229 2,229 1,844 3,442 6,671 

Eletric. / Brazil 44,147 95,952 60,288 141,298 214,697 307,939 278,130 178,694 196,068 153,284 155,866 

LPG 36,565 27,891 30,529 28,180 34,875 46,495 44,547 45,139 41,055 40,084 39,761 

Natural gas 2,029 2,212 2,229 1,931 1,681 2,995 2,021 2,727 4,486 2,454 2,399 

Comb oil. 2,810 2,420 1,950 1,332 1,527 1,789 1,729 1,769 817 1,803 1,398 

Total 91,571 135,089 102,349 180,483 257,562 362,338 328,657 230,558 244,272 201,066 206,095 

 

Graph 4 - GHG Emissions - Commercial / Institutional Subsector disaggregated by precursor 
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From 2009 to 2014, there was a high growth in emissions, due to the sharp consumption of 

electricity in the sub-sector, varying from 44,147 tCO2e to 307,939 tCO2e (597%), demonstrating 

an acceleration of activity in the third energy consuming sector. In the same period, LPG 

consumption increased with small variations.  

 

The Table 5 and the Graph 5 show the emissions of the Industrial Subsector disaggregated by 

precursors. Over the 11 years presented in this inventory, GHG emissions derived from Natural 

Gas represent the largest emission source in this subsector.  

 

Table 5 - Industrial Subsector Disaggregated Emissions Precursors in tCO2e 

SUBSECTOR PRECURSOR 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2008 

I.3 Industrial  Diesel / Brazil 18,534 25,121 25,328 37,989 43,450 20,137 8,824 7,542 11,773 15,152 7,656 

Electricity / BR 15,400 34,752 20,199 42,890 62,556 84,566 66,757 43,593 52,863 40,342 35,224 

LPG 4,872 7,357 8,287 5,531 6,191 9,585 9,298 7,496 6,969 826 6,972 

Natural gas 122,719 138,098 128,558 118,962 100,414 123,212 87,847 59,292 64,089 86,912 99,765 

Comb oil. 1,959 2,358 1,547 1,720 2,998 1,209 0 0 78 514 601 

Totals 163,484 207,686 183,920 207,091 215,609 238,708 172,725 117,923 135,773 143,746 150,218 

 

 

Graph 5 - GHG emissions – Industrial subsector disaggregated by precursor 



22 
 

3.2 TRANSPORT  
 
Belo Horizonte has a contribution from the following modes of transport: road, rail, and aviation. 
As previously explained, the assessment of GHG emissions from the railway modal was not carried 
out due to the unavailability of the necessary data by Companhia Brasileira de Trens Urbanos - 
CBTU, which operates the municipality's subway. Therefore, the emissions considered in the 
present inventory refer to the burning of fuels from road and air transportation, assessed through 
the consumption of fuels according to the geographic location defined by scope.  
 
Emissions from the Terrestrial Subsector (road modal) correspond to those originating in Belo 
Horizonte (scope 1) and also some that occur outside its geopolitical borders (scope 3). To account 
for emissions, the allocation of fuel sales within the municipality of Belo Horizonte was 
considered. According to this criterion, it is not possible to establish those emissions that come 
from fuel sales in other municipalities and whose combustion occurs in Belo Horizonte, which 
would make up a Scope 3. Therefore, the emission of the road modal is fully attributed to Scope 1. 
The information did not present the degree of disaggregation sufficient to identify all the 
Municipalities that supplied fuels to Belo Horizonte, given the dynamics inherent to the mobile 
source and the metropolitan characteristic of interconnected roads in the Metropolitan Region of 
Belo Horizonte. However, this criterion allows for a comparative basis between several 
municipalities and has a reasonableness reasoning of the existing balance between trips 
originating from supply in other municipalities with partial emission in Belo Horizonte and those 
whose supply takes place in Belo Horizonte and partial combustion in other municipalities.  
 
Belo Horizonte has three airports to meet its demand, two of which are located within the 
municipality with emissions that make up Scope 1, Aeroporto da Pampulha and Aeroporto Carlos 
Prates; and Tancredo Neves International Airport, in Confins, Metropolitan Region of Belo 
Horizonte, which comprises emissions allocated in Scope 3.  
 

Carlos Prates Airport is located 7.1 km from the city center. The unit operates during the day and 
receives only general aviation flights, which include everything from small privately owned planes 
to modern business jets, helicopters, ballooning, training flights (for beginner pilots) and other air 
activities. 
 
Pampulha Airport is located 9 km from the center of Belo Horizonte and has become a central 
airport, inserted in the urban context of the city, being for a long time the busiest airport in the 
state of Minas Gerais until the transfer of national flights to the International Airport in 2005. 
Today, it is the third busiest airport in the state by number of passengers. It consists of an aircraft 
maintenance unit, general and executive aviation in the country. Currently, Pampulha Airport has 
some regular flights connecting Belo Horizonte to cities in the interior of the state of Minas Gerais 
and neighboring states. Most of the operations are in general aviation, which represents more 
than 70% of all aircraft movements in Pampulha. The airport also stands out as a major 
maintenance center for helicopters, business aircraft, and small commercial aircraft. 
 
Tancredo Neves International Airport is located in Confins, 40 km from downtown Belo Horizonte. 
This unit was inaugurated in 1984 and idealized in an attempt to relieve the already overloaded 
Pampulha Airport. The unit underwent several expansion and modernization interventions, 
significantly increasing its capacity to serve the air infrastructure for the 2014 Soccer World Cup. It 
is the largest airport equipment in the State of Minas Gerais. This international airport serves 
mainly the capital and the Metropolitan Mesoregion of Belo Horizonte. GHG emissions from 

https://pt.wikipedia.org/wiki/Aeroporto_Central
https://pt.wikipedia.org/wiki/Aeroporto_Central
https://pt.wikipedia.org/wiki/Minas_Gerais
https://pt.wikipedia.org/wiki/Aeroporto_de_Belo_Horizonte-Pampulha#Transfer%C3%AAncia_dos_voos_para_Confins
https://pt.wikipedia.org/wiki/Belo_Horizonte
https://pt.wikipedia.org/wiki/Mesorregi%C3%A3o_Metropolitana_de_Belo_Horizonte
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aviation fuel consumption at the airport are, in their entirety, attributed to Belo Horizonte in this 
Inventory, due to the methodological impossibility of segregating the information. 
 

TheTables 6 (a) and 6 (b) and the Graph 6 show transport emissions broken down by modal. Road 
land transport is responsible for most of the mobile GHG emissions attributed to the Transport 
Sector of Belo Horizonte (average of 75% over the 2009 to 2019 projection), as can be seen in 
Tables 6 (a) and 6 (b) and Graph 6. The reduction in emissions in the Sector from 2014 onwards is 
consistent with the economic context, in which significant reductions in GDP are recorded (see 
Community Emission - Item 5). Total emissions in the sector in 2019 decreased by 23% from that 
recorded in 2014. 
 
Table 6 (a) - Transport Emissions displaced by Road and Aviation - 2009 to 2014 

SECTOR SUBSECTOR 2009 2010 2011 2012 2013 2014 

II. Transport 

II.1 Terrestrial Rod. 1,806,966 2,087,399 2,270,713 2,309,951 2,243,578 2,285,408 

II.4 Aviation 470,650 601,400 762,623 808,667 794,415 777,915 

TOTAL 2,277,617 2,688,800 3,033,336 3,118,618 3,037,993 3,063,323 

 
Table 6 (b) - Transport Emissions displaced by Road and Aviation -2015 to 2019 

SECTOR SUBSECTOR 2015 2016 2017 2018 2019 

II. Transport 

II.1 Terrestrial 
Rod. 

1,938,144 2,002,794 1,960,728 1,834,707 1,696,261 

II.4 Aviation 700,229 629,666 621,882 632,288 654,435 

TOTAL 2,638,373 2,632,460 2,582,610 2,466,996 2,350,697 

 

 
Graph 6 - GHG Emissions - Transport Sector broken down by Subsector. 

 
Emissions from the road modal by precursors vary over these ten years inventoried, as shown in 
Tables 7 (a) and 7 (b) and in Graph 7. For purposes of graphic presentation, ethanol, LPG, CNG and 
fuel oil were added to “others” for adding low emissions compared to gasoline and diesel.  
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Table 7 (a) - Road Transport Emissions Breakdown by Precursor - 2009 to 2014 
SECTOR PRECURSOR 2009 2010 2011 2012 2013 2014 

 
 
 
 
II. Transport 
Highways 

Diesel / Brazil 693,921 710,146 736,990 634,790 613,523 643,369 

Hydrous ethanol 3,176 2,079 1,134 969 1,447 1,449 

Gasoline / Brazil 1,041,389 1,312,477 1,463,166 1,626,557 1,584,075 1,597,756 

LPG 511 610 285 539 678 671 

Natural gas (CNG) 49,878 41,463 40,665 43,891 41,598 40,657 

Kerosene Lighting 0 0 745 573 455 417 

Fuel oil 18,091 20,624 27,780 2,770 1,967 1,282 

TOTAL 1,806,966 2,087,399 2,270,764 2,310,089 2,243,743 2,285,600 

 
Table 7 (b) - Road Transport Emissions Disaggregated by precursor - 2015 to 2019 
SECTOR PRECURSOR 2015 2016 2017 2018 2019 

 
 
 
 
 
II. Transport 
Highways 

Diesel / Brazil 597,229 593,928 556,452 824,753 810,472 

Hydrous ethanol 4,290 3,322 3,608 6,377 8,537 

Gasoline / Brazil 1,295,148 1,366,342 1,361,672 955,890 832,615 

LPG 638 677 634 489 506 

Natural gas (CNG) 39,437 36,962 36,630 46,776 43,949 

Kerosene Lighting 290 164 114 0 0 

Fuel oil 1,347 1,464 1,619 421 182 

TOTAL 1,938,378 2,002,861 1,960,728 1,834,707 1,696,261 

 

 
Graph 7– GHG Emissions - Terrestrial Road Subsector Disaggregated by Precursor 

Gasoline is responsible for most emissions in the road transport sector. From 2009 to 2014, there 

is an increase in emissions with small variations. From 2014 to 2017, there was a decrease in 

emissions from this precursor. Emissions of 2018 and 2019 related to gasoline are significantly 

reduced, reaching a lower level in 2019 of 832,615 tCO2e, which represents a reduction of 

approximately 39% in relation to 2017 emissions. Some variables have a causal relationship with 

the reductions identified in this precursor in recent years, highlighting the context of economic 

recession, the substitution of an energy source for a price policy that favored the use of Ethanol, 

some improvements in public transportation with the implementation of some BRT- Bus Rapid 

Transit axles and the highest proportion of ethanol in gasoline as of 2015. Even though the 
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production of vehicles capable of using biofuels in Brazil has reached about 80% of all new 

vehicles, the use of Ethanol has not expanded in proportion to the fleet and is subject to the price 

offer policy that is attractive to replace the gasoline.  

The Table 8 and the Graph 8 record the volumes sold of Ethanol and Gasoline in Belo Horizonte 

from 2009 to 2019. It is noted that the volumes of ethanol grow from 2018 on a high gradient 

while the sale of gasoline declines in the same period. They reached a proportionality of 

approximately 50% among them in 2018, after which the sale of ethanol over gasoline prevails. It 

is illustrative of the importance of replacing fuels as a mitigating measure, observe the emission 

data related to Ethanol and Gasoline for the year 2018, in which the sales values between the two 

fuels are approximated. In 2018, 475,294 m3 of Ethanol are sold, which emit 6,377 tCO2e, while 

550,095 m3 of gasoline emit 955,890 tCO2e, that is, the GHG emission of Ethanol represents 

around 0.7% of the GHG emission of Gasoline. In a scenario like Belo Horizonte, where mobility is 

still strongly based on the individual fleet, it is imperative to maintain policies to encourage the 

use of less polluting fuels, such as Ethanol as a mitigation measure for climate change.  

Table 8 - Sale of Ethanol x Gasoline fuels (m3) from 2009 to 2019 
Sale of fuel  2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Sale of ethanol 263,903 172,729 94,196 80,515 107,860 107,978 319,716 247,598 268,884 475,294 636,246 

Sell gasoline 583,494 723,389 806,444 854,670 868,233 895,088 741,149 786,302 783,614 550,095 479,153 

TOTAL 847,397 896,118 900,640 935,185 976,092 1,003,065 1,060,865 1,033,901 1,052,499 1,025,389 1,115,399 

 

 

Graph 8 - Sale of Ethanol x Gasoline fuels (m3) from 2009 to 2019  
The share of diesel remained relatively stable until 2014, with a reduction, between 2015 and 

2017, of approximately 14% (comparing the issue from 2014 to 2017). However, the record of 

emissions in 2018 and 2019 showed a significant increase, with a 48% increase in diesel emissions 

from 2017 to 2018, which deserves further study and trend verification for future monitoring. 

Automotive CNG / GNC remained stable, that is, the variation in fuel demand to serve the light 

fleet was sustained by the variation in ethanol and gasoline. 

It is expected that aspects such as the implementation of BRT and the increase of cycle paths in 
the city are also contributing to the reduction in the generation of GHG, since there are several 
intervening causal relationships, strongly connected by the economy.  
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The Table 9 and the Graph 9 present the GHG emissions from the aviation modal disaggregated by 
scope. Therefore, the data related to Scope 1 refer to the sale of aviation fuels in Belo Horizonte 
to serve Carlos Prates and Pampulha airports and Scope 3 to serve Confins International Airport. 
 
Table 9 - GHG Emissions - Aviation Subsector disaggregated by Scope  
SUBSECTOR SCOPE 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

II.4 Aviation 

Scope 1 42,817 54,198 57,499 56,711 52,608 48,358 30,541 21,680 22,697 22,975 21,758 

Scope 3 427,833 547,202 705,124 751,957 741,807 729,557 669,688 607,986 599,185 609,313 632,678 

TOTAL 470,650 601,400 762,623 808,667 794,415 777,915 700,229 629,666 621,882 632,288 654,435 

 

 
Graph 9 - GHG Emissions - Aviation Subsector disaggregated by Scope 

The data above show an increase in GHG emissions in the aviation modal from 2009 to 2012, 
remaining with small variations until 2014, after which emissions decrease reaching a lower value 
in 2017. The years 2018 and 2019 showed a slight increase, testing a possible resumption of 
growth in the use of this modal.  
 

3.3 WASTE SECTOR 

3.3.1 Characterization of the Sector in Belo Horizonte 

The Waste Sector according to the GPC protocol is segregated into four subsectors identified in: 

III.1 Disposal of solid waste; III.2 Biological treatment of waste; III.3 Incineration; III.4 III.4 Liquid 

Effluents. Following is a characterization of the Sector in the municipality to enable the 

identification of emissions, according to the type of treatment and final destination, in the 

territorial space linked to the systems.  

a) Solid Waste  
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Belo Horizonte has two Solid Waste Treatment Centers, one located in Belo Horizonte - CTRS 040, 

configuring Scope 1 GHG emissions, and the other in the municipality of Sabará - CRTS Macaúbas, 

configuring Scope 3 emissions.  

CTRS 040 

The CTBR 040 landfill started operations in 1975 and officially closed its activities in December 

2007. However, its decommissioning started in July 2007, when part of the household solid waste 

- RSD destined for landing began to be sent to CTR Macaúbas, located in the municipality of 

Sabará / MG. As of January 2008, all RSD collected by SLU started to be destined for landing at CTR 

Macaúbas. In the CTRS BR 040, health service waste - RSS, civil construction and demolition waste 

- RCD and public urban waste continued to be landfilled. In 2017, the RSS landing at the unit was 

stopped. 

The capture of biogas at the CTRS BR040 landfill started in November 2009 and, in 2011, it was 

implemented by ASJA, contracted by PBH, a power generation plant from the biogas generated at 

the unit, which is still in operation.  

CTRS Macaúbas  

The disposal of solid urban waste from Belo Horizonte started in June / 2007 to the landfill located 

at CTRS Macaúbas. In March 2018, RCDs and bulky items are sent to this unit. 

 

The use of biogas and energy generation started in August / 2017, also operated by ASJA. 

 

Waste from various municipalities and companies is deposited at the Macaúbas landfill, and 

therefore the biogas generated / captured refers to everyone and not specifically the waste from 

Belo Horizonte. The landfill emissions assessments were made based on data monitored by the 

Superintendence of Urban Cleaning of volumes by type sent to the unit, referring in this case to 

those linked to the municipality's generation.  

 

We emphasize that the amount of biogas monitored, and considered in the inventory of both 

landfills, refers only to that which is captured, measured and processed by the Plant. A large 

amount of biogas is not captured, either due to the limitation of the Plant or for operational 

reasons of the landfill. The electricity generated is purchased by Companhia Energética de Minas 

Gerais - CEMIG and distributed through its network. 

 

Regarding Belo Horizonte's waste, the treatment modalities consist of: disposal in landfill, 

composting and energy use of biogas and energy use of wood and tires, these types are allocated 

in sub-sectors III.1, III.2 and III.3, consecutively.  

 

b) Liquid effluents  

The municipality of Belo Horizonte currently has four Sewage Treatment Plants - ETE in operation, 

two large units and two smaller units for contribution sub-basins. The units that make up this 

subsector and which give rise to GHG emissions analyzes are briefly described below, as proposed 

in the breakdown.  
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ETE Arrudas - Treatment Modality Activated Sludge Conventional with approximately 90% 

efficiency in reducing BOD (Biochemical Oxygen Demand) and capacity to serve 1 million 

inhabitants. This unit is located in the municipality of Sabará on the border with the municipality 

of Belo Horizonte. In 2012, a plant for the generation of electric energy from Biogas was 

implemented on site.  

 

Onça ETE - Treatment modality equipped 

with Upward Flow Reactors followed by 

percolating and decanter filters, 

equipped with biogas burners and 

mechanical sludge dehydrators.  The unit 

is located in the northeastern region of 

the city, has efficiency above 80% in 

reducing BOD (Biochemical Oxygen 

Demand) and capacity to serve 1 million 

inhabitants.  

 

 

                          Figure5 - View of ETE Onça 

 

ETE Pilar Olhos D`água and ETE Jardim Vitória - both units are located in the neighborhoods that 

give the ETES their names and consist of treatment in the UASB reactor mode followed by 

percolating filters. The systems are equipped with gas burners. 

ETE Minas Solidária was deactivated in late 2015. The sewage volumes collected and treated at 

this unit were directed to ETE Arrudas as of 2016. 

 
3.3.2 Anthropogenic GHG Emissions and Removals from the Waste Sector 

Methane emissions from landfills continue for several decades (or sometimes even centuries) 

after waste is deposited. Thus, the waste discarded in a given year contributes to GHG emissions 

in that year and in subsequent years. Likewise, methane emissions released from a landfill in any 

year include emissions from waste discarded that year, as well as waste discarded in previous 

years. For methane accounting, GPC provides two commonly acceptable methods for estimating 

Figure 4 - View of ETE Arrudas 
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methane emissions from solid waste disposal: First Order Decay “First Order of Decay - FOD” and 

Methane Commitment “Methan Commitment - MC”. 

 

For the assessment of GHG emissions from landfills, the Climas Platform defined the Methane 

Commitment method for this inventory, which attributes the landfill emissions based on the 

waste discarded in a given year. The MC uses a life cycle and mass balance approach and 

calculates landfill emissions based on the amount of waste discharged in a given year, regardless 

of when the emissions actually occur (a portion of the emissions is released each year after the 

discard). This criterion was adopted due to the following advantages: simplicity of implementation 

and less need for data, in addition to the fact that it is a “sensitive” method to actions to reduce 

waste sent to landfill (recycling, composting) - that is, there is better clarity between mitigating 

actions and the effects on the inventory. 

 

The Biogas Energy Utilization Plants installed in the landfills of CTRS BR 040 and CTRS Macaúbas 

consist of a large greenhouse mitigation project in Belo Horizonte. A pioneer in Minas Gerais, the 

unit installed at CTRS BR040 processes and generates energy from the methane gas produced at 

the landfill from the decomposition of the waste from the old landfill since 2010. In mid 2017, a 

similar unit was implemented in Macaúbas. Both consist in measures to mitigate landfill 

emissions.  

 

TheTable 10 (a) presents the emissions related to solid waste landfilled with the sum of the two 

treatment plants: estimated emissions from the waste landing; emission reductions resulting from 

power plants (mitigation); total emissions from mitigated landfills, which correspond to landfill 

emissions excluding the decrease in methane provided by the recovery plant. This table totals 

subsector III.1 for identification of the GPC - Waste Disposal protocol. With the use of energy 

plants, were no longer released into the atmosphere 1,863,950 tCO2e referring to landfilled waste, 

between 2010 and 2019 (sum of removals at the Energy Use Plant - Table 10 (a). Biogas is also 

used as a fuel to generate enough energy to supply around 20 thousand households with 

consumption of less than 100 KWh / month, consisting of a measure of environmental 

sustainability, for the composition of the energy matrix that supplies the municipality with a clean 

alternative source.  

 

Table 10 (a) - GHG Emissions from the Landfill, Removal at the plant and mitigated Landfill.  
Origin of GHG 

emissions 
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Landfills 1,288,917 1,332,113 1,328,634 1,244,946 1,331,008 1,181,933 1,136,431 994,962 1,067,408 1,067,474 1,298,261 

Biogas plants -20,561 -188,152 -258,268 -220,308 -155,263 -86,471 -71,959 -59,104 -178,154 -310,945 -314,765 

Mitigated landfills 1,268,356 1,143,960 1,070,366 1,024,638 1,175,745 1,095,463 1,064,472 935,858 889,254 756,529 983,496 

 
The Table 10 (b) presents the emissions that total the modalities of treatment of solid waste in the 

municipality directly linked to GHG emissions: Mitigated landfills (subsector III.1), composting 

(subsector III.2) and Energy use of tires and wood. (subsector III.3)  

 
Table 10 (b) - GHG Emissions from the mitigated Landfill, Composting and Energy Use of Tires 
and Wood  
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Origin of emissions 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Mitigated landfills (III.1) 
1,268,35

6 
1,143,96

0 
1,070,36

6 
1,024,63

8 
1,175,74

5 
1,095,46

3 
1,064,47

2 
935,85

8 
889,25

4 
756,52

9 
983,49

6 

Composting (III.2) 447 658 580 579 632 478 462 374 342 369 482 

Recovery Energy Vol. Tires and 
Wood 
(III. 3)) 

0 0 0 0 0 0 0 0 0 73 425 

Total Emissions Solids 
(III.1 + III.2 + III.3) 

1,268,80
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Graph 10 - GHG Emissions - Aviation Subsector disaggregated by Scope 

With regard to solid waste in Belo Horizonte, emissions from the waste landfill are predominant 

and there is still much to be done to expand other treatment modalities that favor the use of 

waste (biomass and energy) in substitution to landfill. Methane energy plants in landfills 

significantly reduce GHG emissions. It must be considered that in the years 2018 and 2019 the 

reduction of power generation plants occurs throughout the Macaúbas massif, which also receives 

waste from other municipalities. It is not possible to consider what is due only to Belo Horizonte 

due to a methodological impossibility of disaggregating information. The data for 2018 and 2019 

show an attenuation of the ASJA plant above that related only to waste from Belo Horizonte, as 

already mentioned.  

 
It is possible to identify a reduction of approximately 36% in emissions from landfills in the period 

from 2014 to 2017 and, in 2018 and 2019, there is a significant increase in emissions 

(approximately 30% from 756.952 tCO2e to 984.404 tCO2e). Even so, the 2019 emissions figure is 

about 22% lower than the 2009 emissions, beginning of the comparative series of this edition of 

the inventory.  

 

Emissions related to composting remained relatively stable until 2013, after which a significant 

decline is identified - approximately 42% (from 2013 to 2018). Considering that the emissions 

related to the treatment of organics (composting) have a lower carbon footprint compared to 

those resulting from landfill, consisting of a sustainable and more environmentally adequate 

modality, an increase in emissions from this subsector is expected.  
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The Table 11 and the Graph 11 show the total emissions by units that generate emissions in the 

municipal sewage treatment plants and those in the release of raw sewage directly into water 

bodies, consisting of Sub-Sector III emissions. 4 - Liquid effluents. The amounts presented were 

calculated by COPASA, meeting all the criteria defined in the GHG Inventory in Belo Horizonte. 

Emissions from untreated sewage refer to the entire metropolitan region. It was not possible to 

segregate the information by the territorial limit of the municipality, however COPASA clarified 

that the municipality of Belo Horizonte accounts for about 90% of the volumes.  

In order to mitigate GHG emissions from ETE Arrudas, in 2012 a power plant was implemented, as 

from 2013, a reduction in emissions in this unit is deferred. The emission values at ETE Arrudas, 

therefore, already consider the removal of methane from the plant.  

Table 11 - GHG emissions from Subsector III.4 - Liquid effluents  

broken down by generating unit 

 
  

In order to make the graphical representation possible, the emissions from the Minas Solidária, 

Pilar / Olhos D'água and Jardim Vitória ETEs were aggregated in the identification “others” 

because they represent lower emission scales compared to the other generating units.  

 
Graph 11 - GHG Emissions from the Effluent Subsector broken down by generating unit 

 

Unidades Geradoras 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

ETE Jardim Vitória - - - - - 83                135             193             107             550             1.107          

ETE Arrudas 59.362       52.367       68.990       72.613       55.771       62.528        45.912       39.702       40.729       33.090       43.669        

ETE Minas Sólidária 76                81                168             87                179             142              100             - - - -

ETE Pilar Olhos d'água 1.167          656             1.241          1.651          1.292          1.252          1.866          1.019          1.742          1.752          1.143          

ETE Onça 28.261       54.440       73.480       87.675       92.844       100.282     78.590       79.456       87.482       83.967       107.540     

Esgotos in natura 42.039       33.145       31.374       20.005       17.664       16.730        10.788       5.163          6.751          2.564          1.083          

Totais  Emissões tCO2eq 130.907     140.690     175.253     182.031     167.750     181.018     137.391     125.533     136.811     121.923     154.542     
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For the Liquid Effluent subsector, there is an increase in GHG emissions as the sewage collection 

and treatment service was expanded. This increase was identified from 2009 to 2012, maintaining 

small variations until 2014, a period in which there is intense investment in interception and 

collection with ways to meet the established in the city's health planning driven by the Planning 

Agenda to host the soccer world cup and the decontamination objectives of Lagoa da Pampulha.  

 

There is a reduction of around 25% in GHG emissions between 2014 and 2015, keeping emissions 

from 2015 to 2018 relatively stable, at lower levels. The inflows to a treatment unit, as well as the 

qualitative characteristics of the effluents, vary throughout the day, according to the occupational 

characteristics and activities carried out in the contribution basin. In turn, the sewage system also 

has an operational dynamics that surely interferes with the tributaries to the ETEs (or WWTPs). 

Considering that the emission estimates in this subsector are based on the monitoring of the units, 

with the exception of the emission estimates resulting from the direct launch, the identification of 

small variations becomes a difficult causal connection. In other words, certain variations in 

emissions from treatment units are due to the characteristics and nature of the systems.  

 

It is considered that the sharp water scarcity registered between 2015 and 2016 is associated with 

a possible explanatory variable of the reduction of emissions registered in this period, in which 

changes in habits, implementation of water economizers and expansion of rainwater use systems 

intensified to reduce the consumption of drinking water, with a consequent reduction in the flow 

of sanitary sewage and consequently a qualitative variation of the effluents. However, it is not 

possible to infer to what extent this issue impacted the reduction of GHG emissions in the units in 

this period.  

 

Emissions from ETE Onça are higher when compared to ETE Arrudas, both being of similar size. 

The treatment technology of ETE Onça already ensures greater CH4 production compared to the 

technology of ETE Arrudas, but an eco-efficient alternative to mitigate these emissions would be 

the replication of the experience of ETE Arrudas, which implemented a biogas recovery system 

generated in the treatment, starting to produce part of the electricity demand itself.  

 

Table 12 and Graph 12 show the total emissions of the Waste Sector segregated by solid waste 

(Subsectors III.1 + III.2 + III.3) and liquid effluents (Subsector III.4).  

 
Table 12 - GHG Emissions from the Waste Sector disaggregated into Solid Waste and Liquid 
Effluents in tCO2e  

Origin of GHG 
emissions 

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Emissions Solid 
Waste 

1,268,802 1,144,618 1,070,946 1,025,217 1,176,378 1,095,940 1,064,934 936,232 889,596 756,972 984,404 

Emissions Liquid 
effluents 

130,907 140,690 175,253 182,031 167,750 181,018 137,390 125,532 136,811 121,923 154,542 

Total Waste 
Emissions 

1,399,709 1,285,308 1,246,199 1,207,248 1,344,128 1,276,945 1,202,325 1,061,765 1,026,408 878,895 1,138,946 
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Graph 12 - GHG Emissions from the Waste Sector broken down into Solid Waste and Liquid Effluents  

 
Emissions related to solid waste (mainly from landfills) correspond to an average of 88% of the 

emission from Sector III - Solid Waste.  

 

 

4 TOTAL EMISSIONS  
 
Total GHG emissions in Belo Horizonte increased by approximately 27% in the period between 

2009 and 2014, in a relatively linear gradient. In 2014 it reached the peak of emissions totaling 

5,318,001 tCO2e, and, from 2014 to 2019, it is characterized by the reduction of emissions, 

totaling 4,160,083 tCO2e in 2019, which represents a reduction of the order of 22%. Most of the 

emissions come from the transport sector (average of 60%), followed by waste (average of 25%) 

and stationary sources (average of 15%).  

 
Table 13 - Total Emissions disaggregated by subsector in tCO2e 

SECTOR 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

I. Stationary 
sources of 

energy 
498,139 630,683 535,226 682,898 797,972 977,733 868,281 659,494 708,520 649,892 670,440 

II. Transport 2,277,617 2,688,800 3,033,336 3,118,618 3,037,993 3,063,323 2,638,373 2,632,460 2,582,610 2,466,996 2,350,697 

III. Waste 1,399,709 1,285,308 1,246,199 1,207,248 1,344,128 1,276,945 1,202,325 1,061,764 1,026,408 878,895 1,138,946 

TOTAL 4,175,464 4,604,790 4,814,761 5,008,765 5,180,092 5,318,001 4,708,979 4,353,719 4,317,538 3,995,783 4,160,083 
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Graph 13 - Total Emissions broken down by Sector 

 
Table 14 and Graph 14 depict emissions disaggregated by scope.  
 

Table 14 - Total Emissions disaggregated by Scope in tCO2Eq 
Total 

Emissions 
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Scope 1 2,513,011 2,539,929 2,675,147 2,750,275 2,704,095 2,811,743 2,367,019 2,400,977 2,406,511 2,278,216 2,199,108 

Scope 2 94,740 206,499 123,844 282,165 427,474 614,716 542,482 353,517 396,864 313,508 314,406 

Scope 3 1,567,713 1,858,362 2,015,771 1,976,325 2,048,523 1,891,542 1,799,478 1,599,224 1,514,163 1,404,058 1,646,568 

TOTAL 4,175,464 4,604,790 4,814,761 5,008,765 5,180,092 5,318,001 4,708,979 4,353,719 4,317,538 3,995,783 4,160,083 

 

 
Graph 14 - Total Emissions disaggregated by Scope 
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On average, Scope 1 emissions represent 55% of total emissions, Scope 2 emissions represent 15% 

and Scope 3 emissions represent 30%.  
 

Table 15 and Graph 15 show the evolution of total GHG emissions from 2009 to 2019, attributed 

to Belo Horizonte. 

Table 15 - Evolution of Total Emissions in tCO2e 

Totals 
 

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

4,175,464 4,604,790 4,814,761 5,008,765 5,180,092 5,318,001 4,708,979 4,353,719 4,317,538 3,995,783 4,160,083 

 

 
Graph 15 - Evolution of Total Emissions in tCO2e 

 

Belo Horizonte's GHG emissions evolved upwards between 2009 and 2014 and downwards 

between the periods between 2014 and 2019. The tipping point was in 2014, which presented the 

highest absolute value of GHG emissions, 5.32 million tCO2e, whose main source of emissions was 

the transport sector (59% of emissions). The total GHG emissions for the year 2019 return in 

absolute numbers at a value close to the emissions assessed in 2009. In a way, the inflection 

observed in 2014 contradicted a trend originating from the historical series analyzed until the 

Report published in 2015 in which every year inventoried maintained a progression of increasing 

emissions. The 2015 Inventory concluded with a prognosis of difficulties in reducing emissions in 

the following years, if the trend of previous years is maintained. 
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5 COMMUNITY GHG PROFILE  
 

The city of Belo Horizonte presented, over the period included in this inventory, two economic 

scenarios.  The first from 2009 to 2014 consists of a scenario of economic expansion, with a 

consequent increase in per capita income and the other from 2014, with an economic retraction. 

The GDP data, shown in Table 16, are limited to the year 2017, given the lag of approximately two 

years in the publication of official data. Considering that the Gross Domestic Product - GDP is an 

indicator of the flow of new goods and final services produced during a period and the economic 

nature of the municipality, the expansion and retraction of this indicator occurred, mainly, in the 

tertiary sector, that is, mainly service provision and trade. This evolution was reflected in the city's 

GHG emissions profile, which followed the upward and downward movement in the same periods.  

 

As of 2014, there is an economic retraction compatible with the recession caused by an 

association of economic and political factors in Brazil. In the first period (2009 to 2014) there was 

an average growth of GHG emissions of around 27% and in the second period (2014 to 2019) a 

decrease of around 28%. Table 15 shows the evolution of the resident population, GHG emissions, 

GDP, pwe capita GDP and GHG emissions per capita in Belo Horizonte in the period under analysis. 

 
Table 16: Total emissions, population and GDP *, Emissions per Capita between 2009 and 2019 

Year 
Resident Population4 

(Inhabitants) 
Total GHG 

Emissions (tCO2e)  
GDP5 

Values for 2019 (R$) 

GDP per 
capita 

R$ / inhab 

Emissions 
per Capita 

tCO2e/ inhab 

2009 2,452,617  ** 4,175,464 101,918,753,948  41,555 1,702 

2010 2,375,151  * 4,604,790 104,045,809,542  43,806 1,939 

2011 2,385,640  ** 4,814,761 107,594,571,071  45,101 2.018 

2012 2,395,785  ** 5,008,765 112,235,529,026  46,847 2.091 

2013 2,479,165  ** 5,180,092 114,966,768,767  46,373 2.089 

2014 2,491,109  ** 5,318,001 113,111,973,122  45,406 2.135 

2015 2,502,557  ** 4,708,979 105,229,288,779  42,049 1.882 

2016 2,513,451  ** 4,353,719 98,553,583,338  39,210 1.732 

2017 2,523,794  ** 4,317,538 95,690,286,537  37,915 1.711 

2018 2,501,576 ** 3,995,783 - - 1.597 

2019 2,512,070 *** 4,160,083 - - 1.656 

 
Per capita emissions also peaked in 2014, when they totaled 2,135tCO2e / inhab, decreasing in 
2014 to 1,656 tCO2e, which implies a 22% decrease between the 2014 and 2019 figures. Graph 16 
shows the evolution of Emissions per Capita between 2009 and 2019.  
 
 
 

 
4Source: * IBGE - Demographic Census; ** IBGE - Population Estimates (Complementary Law No. 143/2013); *** 

FJP - Population projections - 2010-2040. 
5Sources: IBGE (GDP current prices), BACEN (National GDP last year prices and implicit deflator, available at 

<https://www3.bcb.gov.br/sgspub/>, accessed on August 27, 2020); SMPOG (estimate of the present price values 

considering the application in national GDP to present values of BH's participation in national GDP in current values). 
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Graph 16 - Emissions per capita   

 
Graph 17 shows the evolution of GDP from 2009 to 2017 and Graph 18 shows the evolution of 

GDP per capita. From them, the significant impact of a process of economic recession is 

apprehended, since the resident population expands over the years inventoried, accompanied by 

a significant decrease in GDP from 2013 to 2019. Analyzing the evolution of GDP per Capita, it can 

be seen that the purchasing power of the beautiful horizontine was reduced by 23% from 2013 to 

2017, corroborating the thesis of adherence of the economic indicator to GHG emissions.  

 

 
Graph 17 - Corrected GDP Evolution 2019 
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Graph 18 - Evolution of GDP per Capita 

 
Graph 19 shows the evolution of emissions by GDP.  
 

 
Graph 19 - Emissions by GDP 
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6 FINAL CONSIDERATIONS 
 

The reduction of GHG emissions, if analyzed dissociated from the socio-economic context and 

from other possible explanatory variables presented throughout the emission analyzes, can lead 

to an interpretation of greater effectiveness of sectoral policies to meet the reduction targets 

agreed of GHG emissions, since the population of Belo Horizonte has not decreased and emissions 

have decreased significantly. However, it appears that the economic issue has significantly 

conditioned the evolution of emissions. We cannot, however, minimize the importance of policies 

that have proven effective in mitigating emissions, such as energy recovery plants installed in 

sanitary landfills and ETE Arrudas, the policy of supplying biofuel vehicles and the substitution of 

Ethanol by gasoline, which however, the pricing policy is also very conditioned. Other 

sustainability policies applied in various sectors of public policy corroborate these reductions, 

although they are not subject to disaggregation for quantitative assessment, such as licensing of 

impact ventures that require the implementation of sustainability measures, policies of voluntary 

promotion of sustainability measures such as the Sustainability Seal, environmental education 

programs, and improvements in public transportation, among others.  

 

This extended series of data in Belo Horizonte (2000 to 2019) shows the clear connection between 

economic indices and emissions. The challenge for public administration lies in defining a scope of 

actions within the Plan for the Reduction of Greenhouse Gas Emissions and all the sectorial 

policies that consistently mitigate emissions in a desirable scenario of economic development and 

in an environment of social justice. This finding is only possible due to the long series inventoried 

in our local context and this enables public, private institutions and the community to better 

understand the dynamics of this sectoral policy, the explanatory variables, the connections and 

interdependence between policies for more consistent changes with GHG reduction pathways.  

 

It is reiterated that the indicators demonstrate the importance of mitigation with the reduction of 

methane effected through the implementation of energy use plants in landfills and ETE Arrudas. 

Therefore, these initiatives need to be considered not only from a cost-benefit analysis, but above 

all from the perspective of the environmental service provided by these units. The reduction of 

waste in landfill units is a policy that is necessary for more significant decreases in this sector. This 

action requires a greater structure of local power to foster other types of treatment, but it is also 

the responsibility of civil society and the economic chain as waste generators commit themselves 

to effecting reductions, reuse and segregation that allows the most appropriate final destination.  

 

The transport sector is responsible for most of the local GHG emissions, and it is up to all urban 

and road planning to encourage active mobility, improve the public transport system with ways to 

restrict individual vehicles and promote the replacement of the fleet's energy matrix for use of a 

cleaner source with a lower carbon footprint.  

 
Therefore, it is necessary that the Public Policy on Climate Change and all sectoral policies involved 
with GHG emissions take ownership of the diagnosis that enables the inventory to promote more 
effective actions to ensure lower environmental costs in socio-economic scenarios favorable.  
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