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1. INTRODUCTION 

The report MONITORING GREENHOUSE GAS (GHG) EMISSIONS FROM LIGHT FUEL 

OILS is an initiative of the Observatory of Innovation and Knowledge in Bioeconomy 

(OCBio), Fundação Getulio Vargas (FGV). It is intended to keep track of fuel consumption in 

Brazil by primarily analyzing and understanding the effects of bioenergy and other 

renewable fuels in the reduction of greenhouse gas (GHG) emissions. 

Understanding GHG emissions in the transport sector has inspired dozens of 

academic studies over the last few years. This issue has also received special attention from 

the private sector, especially from policy makers, as it is directly related to energy security 

discussions and decisions in nations, carbon pricing measures, economic policy in countries 

and corporate planning in this sector, and others. 

Dependence on fossil fuel and the absence of alternative sources in the global mix 

has significant implications for GHG emissions and may pose risks to energy security given 

the greater vulnerability to external events, especially in light of recent changes in the global 

supply chain marked by disputes and geopolitical issues. 

In Brazil, bioenergy is one of the tools to mitigate the impacts of climate change and 

address the demands associated with the energy transition — the energy products 

produced by this industry alone represents nearly 20% of the entire national mix and 50% of 

the mix of light fuel oils. The use of energy products produced by this industry is therefore a 

sustainable option to conventional non-renewable energy sources, which are markedly 

reflected in the use of fossil fuel such as coal, oil and natural gas.  

In the case of biofuels, the National Biofuel Policy or RenovaBio, established by Law 

No. 13576/2017, requires companies producing or importing these renewables to get 

periodic certificates to quantify the carbon intensity (CI) of energy sources produced in each 

plant. It is a procedure audited by independent inspection firms and validated by the 

National Petroleum, Natural Gas and Biofuel Agency (ANP).  

Based on this process, each biofuel producer is given an Environmental Energy 

Efficiency Rating, which represents the reduction in GHG emissions promoted by the use of 

biofuel manufactured in substitution of an equivalent fossil fuel.  



 

 

 

 

   
 

Considering these unique characteristics of the Brazilian market, the Observatory of 

Innovation and Knowledge in Bioeconomy (OCBio) developed a dashboard and will publish 

quarterly reports with analyses on the demand for light fuel oils in Brazil and the GHG 

emissions associated with this mix. Based on consumption data and information from 

biofuel certifications, different indicators were devised to objectively portray the evolution 

of the fuel mix carbon intensity, the share of renewable energy sources in the reduction of 

GHG emissions and the special condition of Brazil’s fuel mix.  

The information and analyses reported are imperative for the establishment of 

public policies aimed at this sector, for the definition of business strategies associated with 

the transport mix and for the evaluation of measures that may impact the dynamics of fuel 

consumption in Brazil and, consequently, GHG emissions in the transport sector.  

The indicators included in the DASHBOARD OF LIGHT FUEL OILS1 are: 

1. Carbon intensity of light fuels or Otto cycle fuels, measured in gCO2eq/MJ;2
 

2. GHG emissions from the light fuel mix, measured in tCO2eq; 

3. GHG emissions avoided by bioenergy, measured in tCO2eq; 

4. Per capita GHG emissions, measured in Kg CO2eq.person-1.quarter-1; 

5. Per capita avoided GHG emissions, measured in Kg CO2eq.person-1.quarter-1; 

In addition to this information, consumption and energy share of fuels in the mix are 

also presented, such as hydrous ethanol, anhydrous ethanol and gasoline A, considering the 

country as a whole and the country's states as a spatial dimension.  

 

2. METHODOLOGY 

This section describes the methodology adopted in the construction of the published 

indicators, and data sources searched to build the DASHBOARD.  

 

                                                           
1
The terms “Otto cycle fuels,” “light fuel oils” and “fuels used by light vehicles” will, by convention, be treated 

as synonyms throughout this paper. 
 
2
 The term “Otto cycle” refers to the thermodynamic cycle associated with the operation of spark ignition 

internal combustion engines. This term refers to the German engineer Nikolaus August Otto, responsible for 
the successful implementation of this system.  
 



 

 

 

 

   
 

2.1. Otto cycle carbon intensity (gCO2eq/MJ) 

 

Carbon intensity is a measure of greenhouse gas emissions per unit of energy. In the 

Brazilian case, this metric is measured as grams of carbon dioxide equivalent per 

megajoule of energy (gCO2eq/MJ), and has been used to quantify GHG emissions from 

fuels, considering the complete assessment of the life cycle of each product. The lower 

the index, the lower the emissions from the production, distribution and consumption of 

each type of fuel.  

  

To calculate the Otto cycle carbon intensity (CIOtto Cycle), the first step was to establish 

the quarterly average carbon intensity (CI) as grams of carbon dioxide equivalent per 

megajoule3 (gCO2eq/MJ), associated with anhydrous ethanol, hydrous ethanol and gasoline 

A .4 

As for anhydrous ethanol and hydrous ethanol, the average CIs were based on 

RenovaBio certification data. The factors of different producers were weighted according to 

the production of each certified plant. To avoid distortions from the different number of 

companies certified over time, the carbon intensity obtained by each plant in the first 

certification was kept constant from January 2020 (beginning of the analysis period) until 

the new certification of the relevant plant. 

For A gasoline, an average CI of 87.4 gCO2eq/MJ was assumed, according to the 

regulations of the National Agency of Petroleum, Natural Gas and Biofuels — ANP (further 

details can be obtained in Matsuura et al., 2018).  

In addition to the carbon intensity (CI) associated with each type of fuel, to calculate 

CIOtto Cyle, information on the consumption of C gasoline and hydrous ethanol, released by 

the ANP (2022), was considered. The data refer to Brazilian consumption, broken down by 

Brazilian states.  

                                                           
3
 The consumption of automotive natural gas was not included in this version of the dashboard due to the 

unavailability of reliable data on the consumption of this energy source until completion of the last version of 
this paper. 
4
 Joule is a unit traditionally used in the International System of Units to measure work, energy or heat. 

Megajoule, in turn, is the unit of work, energy or heat equivalent to one million joules (10
6
). 

 



 

 

 

 

   
 

From the C gasoline consumption data, it was possible to determine the consumed 

amount of A gasoline and anhydrous ethanol, since the gasoline sold at gas stations is 

composed of 27% anhydrous ethanol and 73% A gasoline — content established by 

legislation according to MAPA Ordinance No. 75/2015.  

 Once the volumetric consumption is obtained (measured in liters or cubic meters), it 

is possible to measure the “energy consumption” of each light fuel oil in Megajoules (MJ). 

This was calculated by taking the energy content (MJ/thousand liters) associated with each 

type of fuel, according to the specification defined by the ANP (see RANP no. 758/2018).  

Thus, the average CI of the Otto cycle in a given quarter ( ) was determined by the 

following equation: 

                
∑    
  
      
∑    
  
 

  

where:  

    represents the energy consumption (in MJ), in the respective quarter of a given year ( ), 

for a given fuel  ; 

     indicates the carbon intensity (in gCO2eq/MJ) in period   for fuel  ;  

  = {anhydrous ethanol, hydrated ethanol, gasoline A}.  

 

The Otto Cycle Average Intensity indicator (CIOtto Cycle) counts how many grams of carbon 

dioxide equivalent are released from the burning of one megajoule of energy by light 

vehicles in Brazil.  

 

 

 2.2. GHG emissions from the light fuel oil mix (tCO2eq) 

 

To determine greenhouse gas emissions from the consumption of hydrous ethanol, 

anhydrous ethanol and gasoline A, the amount consumed was multiplied by the carbon 

intensity of each type of fuel. Mathematically, we have: 

               
∑    
  
      
   

 

where:  



 

 

 

 

   
 

    represents the energy consumption (in MJ), in the respective quarter of a given year ( ), 

for a given fuel  ; 

     indicates the carbon intensity (in gCO2eq/MJ) in period   for fuel  ;  

  = {anhydrous ethanol, hydrated ethanol, gasoline A}.  

The result of the multiplication is divided by     so that emissions are expressed in tons of 

carbon dioxide equivalent (tCO2eq). 

 

The indicator GHG emissions from light fuel oils (            ) accounts for the total 

greenhouse gas emissions from the consumption of light fuel in the Brazilian states and in 

the country as a whole. 

 

 

2.3. Emissions avoided by bioenergy (tCO2eq) 

 
GHG emissions avoided by bioenergy resulted from the difference between the GHG 

emissions that would have occurred if fossil fuels had not been replaced and the emissions 

effectively registered by the consumption of biofuel. Formally speaking, we have: 

                                                               

 

                    
                

   
  
                      

   
 
                      

   
 

where:  

    represents the energy consumption (in MJ), in the respective quarter of a given year ( ) 

for a given fuel  ; 

     indicates the carbon intensity (in gCO2eq/MJ) in period   for fuel  ;  

  = {anhydrous ethanol, hydrated ethanol, gasoline A}.  

The result of the multiplication is divided by     so that the avoided emissions are 

expressed in tons of carbon dioxide equivalent (tCO2eq). 

 

The indicator                   shows how many tons of carbon dioxide equivalent 

were not released due to the presence of biofuels in the Brazilian energy mix. 



 

 

 

 

   
 

2.4. Per capita GHG emissions (Kg CO2eq.person-1.quarter-1) 

 
Per capita GHG emissions, in kilograms of carbon dioxide equivalent, were obtained 

using the following formula: 

                      
              
           

     

where:  

            
 represents the number of inhabitants in the country in a given quarter( ). 

 

Quarterly population observations were constructed using annual data provided by 

the Brazilian Institute of Geography and Statistics (IBGE, 2022a). Following the same 

methodology used by IBGE for intercensal years, quarterly population values were obtained 

by cubic interpolation of annual data.  

 

                     shows the total emissions from the consumption of light fuels 

weighted by the population of the Brazilian states and the country as a whole. Therefore, 

each citizen's contribution to the total emissions from the Otto cycle fuel mix is 

considered. 

 
 

2.5. Avoided per capita emissions (Kg CO2eq.person-1.quarter-1) 

 

Per capita avoided emissions were obtained by dividing the emissions avoided by 

bioenergy (                ) by           . Mathematically, we have: 

 

                              
                  
           

     

where:  

            
 represents the number of inhabitants in the country in a given quarter( ). 

 

The                              represent how many kilograms of carbon dioxide 



 

 

 

 

   
 

equivalent were no longer emitted, per person, due to the use of biofuels in the Brazilian 

energy mix. 

 

2.6. Summary of the variables used to construct the indicators 

 

Table 1 summarizes all variables adopted in the construction of the indicators, as 

well as their respective measurement units and data sources.  

 

Table 1. Description of the variables used to construct the indicators. 

Variable Unit Source 

Carbon Intensity by RenovaBio 
certification 

gCO2eq/MJ 
National Agency of Petroleum, 
Natural Gas and Biofuels (ANP) 

Fuel consumption 
Thousand 

liters 
National Agency of Petroleum, 
Natural Gas and Biofuels (ANP) 

Energy content MJ/liter 
National Agency of Petroleum, 
Natural Gas and Biofuels (ANP) 

Population Count 
Instituto Brasileiro de Geografia e 
Estatística (IBGE) 

 

 

2.6. Comparison with other GHG emission reduction metrics 

To represent the magnitude of avoided emissions in the light fuel mix, the indicators 

are compared with the number of hectares of native vegetation (tropical forest) required to 

achieve the same reduction in GHG emissions observed in the transport industry. 

It should be noted that this comparison is restricted to GHG emissions and does not 

consider other benefits associated with maintaining or restoring forests (biodiversity, 

impact on the microclimate, etc.).  

To estimate the average carbon stock related to native vegetation in a rain forest, 

MapBiomas Brasil Collection 5.0 and the carbon map spatialized by type of 

phytophysiognomy from the Fourth National Inventory of Anthropogenic GHG Emissions 

and Removals (MCTI, 2021) were used. Based on them, it was assumed that the average 

amount of carbon present in the vegetation is 410 tons of CO2eq per hectare. This parameter 

was adopted for the aforementioned comparisons, representing more directly the 

importance and potential of reducing GHG emissions in the light fuel mix.  

 



 

 

 

 

   
 

3. REFERENCES 

IBGE - Instituto Brasileiro de Geografia e Estatística. Projeções da população: Brasil e 
unidades da federação. 2022a. 

IBGE - Instituto Brasileiro de Geografia e Estatística. Sistemas de Contas Nacionais 
Trimestrais (SCNT). 2022b. 

EMBRAPA SOLOS. Capítulo 2 do Quarto Inventário Nacional de Emissões e Remoções 
Antrópicas de Gases de Efeito Estufa. Embrapa Solos, 2021.  

MATSUURA, M. I. S. et al. RenovaCalcMD: Método e ferramentas para a contabilidade da 
Intensidade de Carbono de Biocombustíveis no Programa RenovaBio (Nota técnica). 
Política RenovaBio, Março de 2018. 

MILHOR, C. E. Sistema de Desenvolvimento para Controle Eletrônico dos Motores de 
Combustão Interna Ciclo Otto. Dissertação apresentada à Escola de Engenharia de São 
Carlos da Universidade de São Paulo, 2002. 

 

 

  



 

 

 

 

   
 

4. GLOSSARY 

CO2eq (carbon dioxide equivalent): is an international unit of measurement that aims to 

establish the equivalence between all greenhouse gases (GHG) and carbon dioxide (CO2). 

This means that, theoretically, the other GHGs are converted into CO2 to make it easier to 

assess the impacts of emissions on global warming. Thus, CO2eq is the result of multiplying 

the quantity of greenhouse gases emitted by their respective potential (global warming 

potential) to absorb heat in the atmosphere during a given period. For example, the global 

warming potential of methane gas is 21 times greater than that of CO2. So, we say that the 

CO2 equivalent of methane gas is equal to 21. 

Energy consumption: It concerns the consumption of light fuel oils in the Brazilian energy 

mix, from the perspective of the energy generated. As the country has a unique condition, 

with a significant portion of the light fleet capable of using fuels other than gasoline, the 

energy demand for light fuel oils must consider the aggregate consumption of gasoline, 

anhydrous ethanol and hydrous ethanol, added according to the energy content of each 

fuel. 

Energy content (MJ/liter): the amount of energy contained in one liter of fuel. 

gCO2eq/MJ (grams of dioxide equivalent per megajoule of energy): Unit of measurement 

that expresses the number of grams of carbon dioxide equivalent released into the 

atmosphere from the burning of one megajoule of energy in vehicle engines.  

GHG (Greenhouse Gases): A group of gases that contribute to global warming and climate 

change. These gases include: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), 

hydrofluorocarbons (HFCs), etc. It should be noted that GHGs are gases that absorb part of 

the sun's rays and redistribute them as radiation into the atmosphere. Thus, they are 

responsible for keeping the earth warm and are essential for maintaining life on Earth. 

However, excessive emission of these gases, worsened by human actions through the 

burning of fossil fuels, intensifies the greenhouse effect, which causes global warming, 

retaining more heat in the Earth. The results of global warming include increased natural 

disasters such as hurricanes and cyclones; melting of glaciers; desertification of natural 

areas; change in rainy seasons; more frequent droughts; etc. 


