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Presentation
The National Confederation of Transportation (Confederação Nacional do Transporte – CNT) envisions 
itself as a leading force in promoting sustainable development within the transportation sector and 
enhancing the quality of life for its workers in Brazil. This forms a core part of its environmental agenda. 

A key initiative by the Confederation involves providing carriers with strategic information on critical 
topics like emerging technologies, cleaner energy sources, and eco-friendly practices.  In pursuit of 
this, CNT creates and disseminates technical content, educating carriers and the broader society about 
practices that contribute to the sector’s decarbonization.

To further these goals, CNT has launched the Energy in Transportation series. This series aims to provide 
in-depth and accurate information on various energy sources applicable in road transportation. The 
objective is to assist the industry in reducing its reliance on fossil fuels, such as diesel. The studies 
included in the series not only discuss current legislation and emissions balance but also delve into 
the benefits and challenges associated with each energy source.

Through these efforts, CNT underscores the critical role of the transportation sector in Brazil’s sustainable 
development and its commitment to fostering an environmentally responsible industry. This work is 
integral to improving the quality of life for transportation workers and the society at large.

Vander Costa
President of CNT
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What is green diesel? 
Green diesel, also known as renewable diesel, is a liquid fuel produced from waste or biomass, with 
a chemical structure similar to that of its fossil-based equivalent – mineral diesel. This characteristic 
classifies it as a drop-in fuela, meaning it can replace petroleum-derived diesel in the engines of heavy 
vehicles, such as buses and trucks, without requiring any modifications to the engine systems. Fossil 
fuels derived from oil account for the largest share of energy consumption in the road freight and 
passenger transportation sectors. Gradually replacing these fuels with renewable sources, such as 
green diesel, is crucial due to Brazil's commitment through the Nationally Determined Contributionsb. 
These contributions aim for a 53% reduction in greenhouse gas (GHG) emissions by 2030 (compared 
to the base year of 2005) and achieving zero emissions by 2050, as established in the Paris Agreement, 
to which Brazil is a signatory[1].

Regarding the chemical composition of green diesel[2], as shown in Infographic 1, it is important to 
note that its elements are identical to those of mineral diesel, consisting of hydrocarbons that include 
hydrogen and carbon molecules. This composition results in significant benefits for diesel cycle 
vehicles, such as improved combustion efficiency and reduced kinematic viscosityc. 

These advantages arise from the presence of branches in the green diesel molecule (indicated within 
the blue dashed line in Infographic 1), which increase the fuel's cetane numberd. This, in turn, 
enhances ignition time, leading to complete combustion[3]. If the ignition time is delayed beyond its 
optimal point, incomplete combustion of hydrocarbons (HC) can occur, leading to higher emissions of 
particulate matter (PM) and HC, as well as reduced energy efficiency and power output in vehicles. In 
addition to a higher cetane number, green diesel also features low sulfur content and fewer aromatic 

a  Biofuels that are functionally identical to their fossil counterparts.
b  Nationally Determined Contributions are greenhouse gas (GHG) emission reduction targets established under the Paris Agreement, signed in 2015 
by 195 member countries of the United Nations Framework Convention on Climate Change (UNFCC). The agreement aims to limit the increase in 
global average temperature to 1.5 °C above pre-industrial levels. Access on: 29 Feb. 2024. Access link: tinyurl.com/4kthy3sd
c According to the ANP, viscosity is a parameter that influences the combustion process in the engine chamber. High viscosity can increase strain on 
the injection pump, reduce vehicle efficiency, and cause residue build-up in the engine system. Conversely, if viscosity is too low, fuel system leaks 
can occur. Therefore, it is essential for fuel to meet specific maximum and minimum viscosity values. Access on: 01 Mar. 2024. Access link: tinyurl.
com/ywrstzcc
d  According to Zeman et al. (2019), the cetane number indicates the reactivity of fuel during combustion. A higher cetane number leads to more 
efficient and consistent combustion. Access on: 17 Jan. 2024. Access link: tinyurl.com/98nhrx8p
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compoundse, which contribute to lower emissions of HC, carbon monoxide (CO), and PM — pollutants 
harmful to human health and the environment[4]. 

When discussing liquid fuels for diesel engines, it is important to distinguish ester-basedf biodiesel 
from other biofuels like green diesel. Biodiesel has different chemical characteristics compared to 
mineral diesel, as it contains oxygen atoms in its formula, as illustrated by the red dashed line in 
Infographic 1. This property causes biodiesel to absorb moisture from the air, leading to the formation 
of water over time. This can compromise the quality of the fuel and cause corrosion in automotive 
mechanical parts[5]. 

      INFOGRAPHIC 1 Simplified diagram of liquid fuel molecules used in diesel cycle vehicles
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Source: Prepared by CNT, based on Chia et al. (2022). Access on: 15 Jan. 2024. Access link: mdpi.com/1996-1073/15/8/2835

Codes: Carbon (C) Oxygen (O) Hydrogen (H)

e  These are organic compounds with chemical properties that, when burned, can emit toxic gases.
f  In March 2024, they were mandatorily blended into Brazilian diesel at a proportion of 14% by volume, according to ANP Resolution No. 842/2021, 
which sets the specification for green diesel and the quality control obligations that must be met by economic agents selling it within the national 
territory.
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Regarding the national definition of green diesel, the National Agency of Petroleum, Natural Gas and 
Biofuels (ANP), through specific legislationg, has determined that this energy asset is a type of fuel 
composed of paraffinic hydrocarbonsh, produced through five different methods (routes) using various 
raw materials, as listed and detailed below. 

Green diesel production processes:
I.	 hydrotreatment of vegetable oilsi, algae, microalgae, or animal fat; 
II.	 synthesis gasj  from biomass via the Fischer-Tropsch processk;
III.	fermentation of carbohydrates present in biomass;
IV.	 oligomerizationl of ethanol or isobutanolm; and 
V.	 catalytic hydrothermolysis of vegetable oils (whether in natura or residual), algae, microalgae, 

and animal fat.

Process I, which consists of hydrotreatment, is the most widely used globally for the production of 
renewable diesel and is already implemented on an industrial scale and at an advanced stage of 
development. In this method, vegetable oils and animal fats are pre-treated to remove impurities 
(metals, phosphorus, and nitrogen) and then hydrotreated in the presence of hydrogen (H2), which 
alters their chemical structure to resemble that of mineral diesel. H2 also plays a key role in removing 
oxygen double bonds from the molecules of animal oils and fats, enhancing their applicability in 
diesel-powered vehicles[1,6].

It is important to note that H2 is currently mostly produced from fossil sources, which increases the 
greenhouse gas (GHG) emissions associated with green diesel production[7]. To ensure more sustainable 
production of this energy source, it is recommended to use renewable hydrogenn  (renewable H2) 
 

g  According to ANP Resolution No. 842/2021, which sets the specification for green diesel and the quality control obligations that must be met by 
economic agents selling it within the national territory.
h  According to an article in the National Congress of Petroleum, Natural Gas, and Biofuels Engineering, paraffinic hydrocarbons are relatively 
simple chemical compounds composed of carbon and hydrogen atoms. They are found in the distillation fractions of oil and are converted by the 
petrochemical industry into energy derivatives such as diesel. Access on: 12 Jan. 2024. Access link: tinyurl.com/5dx8tjyj
i  It can be in natura or originate from a process that renders it residual.
j  Gas composed of a mixture of H2, CO, and CO2.
k  Fischer-Tropsch synthesis is a chemical conversion where carbon monoxide (CO) and hydrogen (H2) present in synthesis gas are converted into water 
and hydrocarbons of varying molecular weights. Access on: 01 Mar. 2024. Access link: tinyurl.com/2zj7y4rp
l  Oligomerization is the combination of smaller molecules (monomers) to form larger molecules (hydrocarbons) until the green diesel formula is 
achieved.
m  Isobutanol is a colorless organic compound with the chemical formula C4H10O (part of the alcohol family) and a slight ethanol-like smell. Its main 
applications are in the plasticizer, paint, and varnish industries. Access on: 01 Mar. 2024. Access link: tinyurl.com/43mtvyvj
n  Fuel produced from an electrochemical reaction, where renewable electrical energy (solar, wind, biomass, or hydraulic) is applied in electrolyzers 
with water, separates its molecules (H2O) into green hydrogen (H2) and oxygen (O2). In 2023, the CNT published a study on renewable hydrogen and 
its applications in road transportation. Access on: 17 Feb. 2024. Access link: tinyurl.com/52adz8bz
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 alongside the inclusion of various renewable biomasses, with environmentally responsible production 
management to prevent deforestation and protect biodiversity and ecosystems in planting and 
harvesting areas. 

After hydrotreatment, the liquid undergoes the isomerizationo process, where its molecules are 
reorganized to improve the desirable properties of diesel cycle liquid fuels, aiming for more efficient 
combustion. The final stage of this process involves the fractionationp of the compound, known as 
hydrotreated vegetable oil (HVO). HVO can be separated into green diesel — an energy asset used 
in the mobility of road freight and passenger vehicles — and other by-products such as biokerosene 
(aviation fuel), gasoline (fuel for light vehicles), bionaphtha (for industrial applications), and biopropane 
(cooking gas)[1,6].

The technology needed to produce renewable diesel from process I is already available through the 
shared use of oil refining infrastructure, allowing for the simultaneous production of both mineral 
diesel and green diesel. In Brazil, there are 19 refineries with an installed production capacity of 
2.3 million barrels per dayq, making it the eighth largest refining park in the world. These facilities 
are equipped to hydrotreat oils and fats and to fractionate HVO, either to obtain it in pure form or to 
generate other by-products[8]. The country also employs petrochemical industrial methodologies that 
process mineral and vegetable oils together, producing a mixture of fuel with both renewable and 
non-renewable components, known as R or co-processed dieselr.

In Infographic 2 below, you can see a diagram illustrating different production processes for green 
diesel from various raw materials. For Brazil, the diversity of technological routes is highly beneficial, as 
it helps increase the supply of energy sources to the transportation sector and contributes to fuel price 
stability. This, in turn, fosters a market more resilient to external factors such as geopolitical conflicts, 
pandemics, and other events that could impact national energy security[1,6,8-10].

o  A process used to improve the quality of fuels involves reorganizing the linear chains of hydrocarbon molecules to create a branched structure, 
thereby altering the molecular structure of the chemical compound.
p  This procedure also removes residual gases from the mixture formed after hydrotreating. Following this stage, the mixture is distilled to separate the 
fraction corresponding to green diesel and other fuels.
q  According to Petrobras, one barrel is equivalent to 158.98 liters, or 0.15898 cubic meters (m3). Access on: 29 Feb. 2024. Access link: tinyurl.
com/567yxeh2
r  Petrobras already manufactures the so-called R diesel using patented technology that processes petroleum diesel together with renewable content. 
This diesel can be marketed in different blends, such as R5 Diesel, which contains 5% renewable content from the joint processing of vegetable oils. 
Access on: 22 Jan. 2024. Access link: tinyurl.com/2e383yzh
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      INFOGRAPHIC 2 Technological processes for obtaining green diesel
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Source: Prepared by CNT, based on (i) EPE (2020); (ii) Neves and Harder (2021); (iii) Hu, Yu and Lu (2012); and (iv) Fu and Turn (2019).
Access on: 22 Jan. 2024. Access links: (i) tinyurl.com/mr2rdzbw; (ii) tinyurl.com/ymkh5463; (iii) tinyurl.com/y9fsvcuj; e (iv) tinyurl.com/jmen3zsxx

Note: FT stands for Fischer-Tropsch; gasification is the process of converting solid biomass into gases by applying heat in the presence of water and oxygen; hydrocracking involves breaking
down molecules using catalysts and hydrogen at high temperatures and pressures; fermentation occurs when genetically modified microorganisms transform the carbohydrates in biomass
into products similar to petroleum derivatives; and hydrothermolysis breaks down molecules using water at high temperatures.
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In summary, according to Infographic 2, green diesel can also be produced by burning solid biomass 
(such as waste, wood chips, and straw stalks), which generates synthesis gas according to process II. 
This gas is then subjected to the Fischer-Tropsch process in the presence of catalysts (iron and cobalt), 
where it is transformed into hydrocarbons. After breaking down these molecules in the presence of 
hydrogen (hydrocracking), it is converted into green diesel[9].

Other methodologies, less widely used on an industrial scale but also demonstrated 
in Infographic 2, include: process III – the conversion of biomass carbohydrates 
(sugars) through fermentation in the presence of genetically modified microorganisms; 
process IV – the transformation of alcohols, such as ethanol, by removing the water in their molecules 
and combining chains to form hydrocarbons, which are then hydrotreated and fractionated into 
biofuels; and process V – the use of heat and water (hydrothermolysis) to transform vegetable 
oils and animal fat into hydrocarbons, which are treated in the presence of H2 and fractionated in 
reactors to obtain green diesel[6,10]. All the methodologies mentioned converge in the production of 
renewable diesel.

According to the International Energy Agency (IEA)[11], green diesel is the third most produced biofuel 
worldwide. In 2022, its supply reached 13.3 billion liters, accounting for around 8.0% of global biofuel 
consumption. In terms of demand, green diesel has the highest growth projection among biofuels 
from 2022 to 2027, as shown in Chart 1. 

Also according to the IEA, there is a forecast of an annual increase in demand of around 15 billion liters, 
both in advanced and emerging economies. This growth represents approximately 43% of the global 
demand for biofuels projected up to 2027[12]. Additionally, Chart 1 shows a slowdown in demand for 
more traditional biofuels, such as ester-based biodiesel and ethanol, in advanced economies, with a 
reduction of around 5.3 billion liters per year due to incentives to develop the production of green 
diesel, which is physically and chemically compatible with diesel vehicles.
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      CHART 1 Growth in demand for biofuels in advanced and emerging economies (2022 to 2027)
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The higher cost of producing green diesel compared to mineral diesel and ester-based biodiesel 
presents a challenge, especially in emerging economies. However, as countries implement public 
incentive policies to advance renewable diesel production, its price is expected to become more 
competitive and accessible to carriers. 

For comparison, according to the U.S. Department of Energy, in January 2024, the average resale price 
of green diesel in California was US$ 5.37 per gallons, which is 2.3% more expensive than the price of 
mineral diesel in the same state (US$ 5.25)[13].

s  One gallon is equivalent to approximately 3.785 liters.
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CURRENT LEGISLATION

The formulation of Brazilian legislation to include green diesel in the energy matrix only began in 
2019. This delay is largely due to the lack of clear definitions in laws and resolutions regarding the 
technical concepts of biofuel, biodiesel, and renewable dieselt. Additionally, for there to be an effective 
supply of this energy source in the country, public policymakers need to estimate production capacity 
at scale to meet national demand safely; however, this stage is still under development in Brazil. 

Besides the absence of a law introducing renewable diesel as an alternative energy source in Brazil, 
there is also no resolution authorizing automakers to homologate their engines with this fuel. These 
are major challenges that have already been overcome internationally, such as in Europe and the 
United States, and are currently hindering Brazil’s progress toward energy independence. In this 
context, Infographic 3 presents Bill 528/2020 and its derivative projects, which aim to start offering 
green diesel on a national scale[14].

The aforementioned bill proposes establishing an unprecedented definition of renewable diesel in 
Brazil as a fuel produced from renewable biomass and composed mainly of hydrocarbonsu, for use in 
uinternal combustion engines with compression ignition, which can also be called green diesel. 
Additionally, Bill 528 received amendments during its processing. The first, EMC 1/0, was proposed by 
the Mines and Energy Commission (CME) to emphasize that this source is a biofuel, avoiding technical 
confusion with other fuels like Petrobras' co-processed diesel, which is derived primarily from fossil 
raw materials.

t  Law 11.097/2005, which addresses the introduction of biodiesel into the energy matrix, defines “biodiesel” as any biofuel derived from renewable 
biomass for use in internal combustion engines with compression ignition. In this way, green diesel would fall within the definition of biodiesel. 
However, according to ANP Resolution 45/2014, which specifies the properties of biofuel, the definition of biodiesel only includes fuel composed of 
long-chain alkyl esters of carboxylic acids, produced from transesterification, thereby excluding green diesel from its scope.
u Aliphatic hydrocarbons that do not contain aromatic rings in their composition — i.e., those that contain carbon and hydrogen atoms in an open 
chain — should be considered.
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The second amendment, EMC 1/2023, also proposed by the CME, aims to include a broader definition 
of biofuel in the context of mandating the addition of a renewable portion to diesel. According to 
this amendment, the term "biofuel" encompasses any substance derived from renewable biomass 
obtained through different technological routes, including green, co-processed, and biodiesel. The 
justification for this proposal is to stimulate competition between energy sources and expand the 
availability of biofuels in Brazil, ensuring that any renewable portion can be considered renewable 
diesel.

      INFOGRAPHIC 3 Tree of additional attached bills to Law Bill 528/2020
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Source: Prepared by CNT, based on Câmara dos Deputados (2024). Access on: 27 Jan. 2024.
Access link: camara.leg.br/propostas-legislativas/2238434/arvore-de-apensados

Other bills were attached to Bill 528/2020, as shown in Infographic 3, including Bill 3314/2021, 
which addresses measures to encourage  he production and use of advanced renewable biofuels (such 
as green diesel and aviation biokerosene) and includes specific technical definitions for each source. 

In this same bill, percentages of mandatory green diesel blended with diesel were defined for use 
across the national territory. The percentage would start at 2% in 2026, reaching 5% by 2029. Despite 
this modest inclusion in the national energy matrix, the document allows for higher proportions of 
green diesel use in specific segments such as public transportation, rail, air, inland navigation, 
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equipment and vehicles for mineral extraction, electric power generation, tractors, and agricultural 
vehicles. 

Additionally, Bill 3314/2021 includes an article that considers green diesel producers eligible to issue 
Decarbonization Credits (CBIOs), which fossil fuel distributors must acquire. These credits are used to prove 
compliance with mandatory annual GHG emission reduction targets under the RenovaBio programv.

Two other significant bills joined to Bill 528/2020 are Bills 4516 and 4196 of 2023, both addressing 
a related topic: the creation of the National Green Diesel Program (PNDV). The first, known as Fuel 
of the Future, aims to promote sustainable low-carbon mobility by integrating the PNDV with various 
programs such as Rota 2030w, the Brazilian Vehicle Labeling Program (PBVE)x, and RenovaBio.

The PNDV aims to promote research, production, marketing, and use of green diesel in Brazil. Under 
this program, it will be the responsibility of the National Energy Policy Council (CNPE) to determine the 
minimum mandatory volumetric participation, while the ANP will define the percentages of mandatory 
green diesel addition to diesel in each state or in the Federal District, following the guidelines set out 
in Infographic 4.

v  According to the Ministry of Mines and Energy, RenovaBio represents a policy aimed at increasing the production and use of biofuels in the Brazilian 
energy matrix. One of its key components is the issuance of Decarbonization Credits (CBIOs). These credits must be used by fossil fuel distributors to 
meet annual decarbonization targets. Access on: 28 Jan. 2024. Access link: tinyurl.com/mr3cbsrc
w The program was established by the Brazilian government to outline guidelines for the manufacture of cars in Brazilian territory. It comprises a set 
of standards that car manufacturers must follow to achieve greater energy efficiency in vehicles sold in the country.
x The PBVE aims to measure, standardize, and record the level of energy efficiency of labeled vehicles to provide information to the end consumer.
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      INFOGRAPHIC 4 Objectives and competencies of the National Green Diesel Program (PNDV)
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national total trade, taking into account the 
particularities of each state and the Federal District;

logistical optimization in distribution and use; and

adoption of market-based mechanisms.

PL 4196/2023, which also proposes the creation of the PNDV, focuses on encouraging investments 
in production infrastructure, prioritizing the local economy, and reducing dependence on non-
renewable sources. The relevance of this agenda gained momentum within the government with the 
presentation of the urgency request (REQ 3105) in 2023, which sought to expedite the processing of 
the existing legal framework on this topic in the Chamber of Deputies[14].

In the technical sphere, in May 2021, the ANP issued ANP Resolution No. 842, establishing the 
specifications for green diesel and the obligations regarding its quality control[15]. According to this 
resolution, the regulatory agency prohibits the sale of green diesel if the limits for each property are 
not met.

In this context, Table 1 below shows the main differences in physical and chemical properties 
established by Brazil compared to those present in the fuel produced by Neste[16], considered the 
largest biorefinery of this input in the world, based in Finland.
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Characteristic Unit Limits (ANP Res.  842) Green Diesel (Neste)

Cetane number (min.) - 51.0 > 70.0

Specific mass at 20 °C kg/m³ 761.2 - 806.5 780.0

Flash point (min.) °C 38.0 > 70.0

Kinematic Viscosity at 40 °C mm2/s 2.0 – 4.5 3.0

Distillation - 95% recovered volume (max.) - 370.0 295.0

Lubricity at 60 °C (max.) µm 460.0 < 460.0

Total aromatics (max.) % (m/m) 1.1 Below detection limit

Sulfur content (max.) mg/kg 10.0 ≤ 5.0

Ash content (max.) % (m/m) 0.01 < 0.001

Total contamination (max.) mg/kg 24.0 < 12.0

Corrosivity to copper (3h at 50 °C) - Class 1 Class 1

Oxidation stability (max.) g/m3 25 < 2.0

Source: Prepared by CNT, based on (i) ANP (2021) and (ii) NESTE (2020). Access on: 29 Jan. 2024. Links de acesso: (i) tinyurl.com/3h35ee94 e (ii) tinyurl.
com/4hzz99vd 

Note: kg/m³ = kilogram per cubic meter; °C = degree Celsius; mm²/s = square millimeter per second; µm = micrometer; m/m = percentage by mass; 
mg/kg = milligram per kilogram; g/m³ = gram per cubic meter; and class 1 =  result of the copper corrosion test applied to a metal strip used to check 
for changes due to contact with the fuel. 

Table 1 shows that Neste's fuel specifications have very positive values, which contribute to increased 
vehicle energy efficiency due to their high cetane and flash point values compared to Brazilian 
standards. They also contain low levels of contamination, ash, and sulfur, which help reduce pollutant 
emissions. Additionally, Neste's green diesel has optimized oxidation stability compared to national 
diesel, extending its useful life.

Table 1
Comparison between the limits of the physical-chemical properties of green diesel 
in Brazilian legislation and the actual values of the biofuel produced by Neste.
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MAIN SOURCES

The production of green diesel in Brazil can be carried out using different technological routes and raw 
materials, as mentioned in the section "What is green diesel?." Hydrotreatment or hydrothermolysis 
processes of vegetable oils and animal fats are particularly advantageous, given the great availability 
and diversity of these primary sources in the country. According to ANP data[17], in 2022 alone, more 
than 6 billion liters of vegetable and animal oils (7.546.133 m³) were used to produce biofuels in 
Brazil—these raw materials are also applicable in the production of green diesel. 

Chart 2 below shows the distribution of the share of raw materials in bioenergy production in Brazil 
by type of source in 2022. Soybean oil is predominant, accounting for more than 69.1% of biofuel 
production, followed by other fatty materials (16.1%), which include mixtures of various raw materials 
or by-products generated in biofuel production. Animal fat contributed 8.5%, with 5.9% coming from 
beef and 1.9% from pork and 0.7% from chicken. Another relevant fact is the modest use of organic 
waste, such as used frying oil, which accounted for only 1.7% of the total. 

The large availability of biomass in Brazil is a positive factor, especially considering the IEA's projections, 
which indicate global growth in the supply of biofuels from vegetable oils and animal fats. According 
to the agency, production is expected to grow by 7.3% over the next three years[18]. The IEA estimate 
also indicates a 14.3% increase in the use of used frying oil, from 11.9 billion liters in 2024 to 13.6 
billion liters in 2027. This increase is environmentally advantageous globally, as it incorporates food 
waste into the production chain, promoting the circular economyy and maximizing the transformation 
of environmental liabilities into energy and economic assets.

y According to the Ministry of Education (MEC), the circular economy is a concept that integrates economic growth with a reduction in the use of natural 
resources. It involves actions that optimize production processes and foster a shift in behavior toward the consumption and recycling of inputs. The 
goal is to minimize environmental impacts and waste by making production chains more efficient, repositioning waste as inputs or raw materials for 
new products, and thereby extending their useful life cycle. Access on: 04 Mar. 2024. Access link: tinyurl.com/43xw4ykm
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      CHART 2
Distribution of potential raw material shares for green diesel production in Brazil 
(2023, measured in cubic meters)

Soybean oil

Other fatty materials

Bovine fat
Pork and
chicken fats

Used
frying oil

Outras

5.217.994 m3

(69,1%)

1.215.828 m3

(16,1%)

441.307 m3

(5,9%)

346.647 m3

(4,6%)

197.481 m3

(2,6%)
126.876 m3

(1,7%)

Source: Prepared by CNT, based on ANP (2024). Access on: 25 Mar. 2024.
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Note: Fatty materials are rich in oils and fats and contain lipid molecules, including saturated and unsaturated glycerides. The "Other" category includes palm oil, cottonseed oil, rapeseed oil, 
canola oil, corn oil, palm kernel oil, and soybean oil fatty acids.

As far as production plants are concerned, international projections indicate the predominance of 
industrial facilities dedicated to producing green diesel by using waste from the food and livestock 
sectors. By 2024, the IEA estimates that this waste will account for 60.0% of the inputs for producing 
renewable diesel[19], reaching a global volume of approximately 12 billion liters from 17 dedicated 
plants installed worldwide, as shown in Chart 3.

The second-largest source contributing to the production of green diesel comes from the processing of 
vegetable oils, with 8 plants producing 5 billion liters, which will represent a global share of 25.0%.

Another source of production capacity comes from the hydrotreatment of wood oil, also known as pinus oil. 
This material is a by-product of wood processing for the manufacture of pulp and paper and will account 
for 5.0% of the world's green diesel production, with a volume of one billion liters coming from seven 
industrial facilities. For this input, it's important to note that the degree of sustainability depends directly on 
sustainable forest management practices applied in the wood industry, such as reforestation and biodiversity 
conservation actions[20].
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      CHART 3
Estimated number of plants and green diesel production capacity by type 
of raw material worldwide (2024, in liters)

Waste Vegetable oil Wood oil Not specified

17 plants
(12 billion L)

8 plants
(5 billion L)

7 plants
(1 billion L)

8 plants
(2 billion L)

60,0%
25,0%

5,0%

10,0%

Codes:

Fonte: Elaboração CNT, com base em IEA (2019). Acesso em: 31 jan. 2024. 
Link de acesso: iea.blob.core.windows.net/assets/a846e5cf-ca7d-4a1f-a81b-ba1499f2cc07/Renewables_2019.pdf

It is important to note that facilities producing green diesel vary according to their technological 
infrastructure, encompassing categories such as specialized industrial units, adaptations to conventional 
oil refineries, and co-processing units. In this context, the IEA projects that 49.5% of all global green 
diesel production in 2024 will come from new refineries built specifically for this purpose, indicating a 
trend toward investment in infrastructure dedicated to biofuel production.

According to the IEA, conventional oil refineries and co-processing units will account for 26.8% of 
global green diesel production in 2024. This alternative is initially more attractive economically due to 
the reduced costs associated with existing equipment and infrastructure, compared to building new 
production facilities. Additionally, projects currently in the early stages of construction are expected to 
contribute 23.7% of global production in 2024, thereby expanding the global production capacity of 
green diesel[19].
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GREEN DIESEL MAPPING 

Green diesel production capacity is predominantly located in countries in North America, Europe, and 
the Asia-Pacific region, with these areas showing a growing share of biofuel production over the last 
five years, as shown in Chart 4[21].

In 2019 and 2020, Europe emerged as the leading producer of green diesel, accounting for 60.4% 
and 53.1% of global production, respectively. This leadership can be attributed to Europe’s progress in 
adopting environmental policies and regulations focused on reducing GHG emissions. A key example 
is the Renewable Energy Directive (RED), which, in its second version implemented in 2018, set a target 
of including 14% renewable sources in total energy consumption for the road and rail transportation 
segments by 2030[22].

In 2021 and 2022, as shown in Chart 4, North America overtook Europe as the leader in global green 
diesel production, capturing nearly 50.0% of global supply. This growth has been driven largely by 
environmental policies in the United States focused on low-carbon fuels, particularly California’s Low 
Carbon Fuel Standard (LCFS). According to data from the state's Air Resources Board (CARB), green diesel 
accounted for approximately 49% of all local diesel consumption during the first quarter of 2023, with 
the majority consumed by the transportation sector[23]. This reflects that government initiatives can be 
successful when they are aimed at decarbonizing energy matrices.

Other regions of the world, such as Asia-Pacific and South America (categorized under "Other"), 
including Brazil, have contributed to this activity, though they still hold a modest share of total green 
diesel production. As shown in Chart 4 (yellow line), the contribution of green diesel to global biofuel 
production has also increased in recent years. In 2019, renewable diesel made up just 5% of the total 
biofuels produced worldwide. By 2022, this share had more than doubled to 11%, driven by the 
growing demand for cleaner and more technologically advanced fuels.
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      CHART 4
Green diesel production capacity and its share of total biofuel production worldwide 
(2019-2022)
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Regarding the location and production capacity of this energy source globally, considering projects 
already underway or just announced, Infographic 5 shows that North America is once again 
predominant[24]. The region has 9 biorefineries, with production potential set to increase U.S. green 
diesel output from 1.9 million tons in 2020 to 12.6 million tons in 2025. This expansion of more than 
500% will position the continent to account for 42% of global production of this fuel.

Europe has the second-largest production potential for 2025, with 14 production units. The region is 
expected to see an increase of more than 200% in green diesel production compared to the reference 
year (2020), reaching 11.3 million tons. It is noteworthy that although Europe has more units dedicated 
to production, its production capacity is lower than that of North America. Even so, by 2025, European 
countries will account for a significant 38% of global production. Together, North America and Europe 
will supply more than 80% of the world's green diesel.
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East and Southeast Asian countries will also play a crucial role, with seven biorefineries contributing 
to the global supply. The region's production capacity is expected to triple by 2025, accounting for 
approximately 17% of the world's production—equivalent to 5 million tons. 

South America, on the other hand, will have only two production units dedicated to green diesel, 
capable of generating 0.8 million tons. In Brazil, the company Brasil BioFuels (BBF) and Vibra Energia 
are responsible for the country’s only announced green diesel project. In 2025, these companies will 
inaugurate the country's first biorefinery in the city of Manaus, with an annual capacity of 500,000 
tons of green diesel, which will represent 62.5% of the total supply on the South American continent. 
According to the partner companies, the choice of Manaus was strategic, aiming for effective distribution 
throughout the northern region of Brazilz. 

z  According to the note "Vibra and Brasil BioFuels Expand Partnership and Join Forces in Brazil's 1st Sustainable Aviation Fuel (SAF) Production 
Project," published by Vibra in 2022. Access on: 29 Feb. 2024. Access link: tinyurl.com/2hn3rpp3
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      INFOGRAPHIC 5
Geographical distribution of biorefineries producing green diesel 
worldwide (2020 and 2025)

Codes:

Countries with biorefineries producing green diesel

Countries without biorefineries producing green diesel

2020 2025

Green diesel production capacity
(million tons)

9 biorefineries

12,61,9

+563%

Source: Greenea (2021), with adaptations by CNT. Access on: 02 Feb. 2024.
Access link: greenea.com/wp-content/uploads/2021/01/Greenea-Horizon-2030-Which-investments-will-see-the-light-in-the-biofuel-industry-1.pdf
Note: This includes pure green diesel and co-processed diesel projects for road transportation, either currently underway or announced.

North America

2020 2025

Green diesel production capacity
(million tons)

14 biorefineries

11,33,5

+233%

Europe

2020 2025

Green diesel production capacity
(million tons)

4 biorefineries

1,10,3

+257%

East Asia

2020 2025

Green diesel production capacity
(million tons)

3 biorefineries

3,91,3

+257%

Southeast Asia

2020 2025

Green diesel production capacity
(million tons)

2 biorefineries

0,80

+257%

South America

Although Brazil's production capacity is smaller compared to major European and North American 
powers, it is important to highlight the country's advantages in supplying key raw materials for the 
green diesel production process, such as vegetable oils and animal fat. In this context, Infographic 6 
illustrates the distribution of these inputs for the biofuels industry by state and region[17]. 

The South region stands out, producing more than 3.2 billion liters of these raw materials in 2023, 
with Rio Grande do Sul consolidating its position as one of the main suppliers. The state contributed 
24.0% of the entire national supply of vegetable oils and animal fat, positioning it as a significant 
player in the Brazilian green diesel chain. 
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Another important region is the Midwest, which produced 2.9 billion liters of raw materials for the 
green diesel industry,  with major contributions from the states of Mato Grosso and Goiás—both of 
which are among the top 10 Brazilian agribusiness statesaa. In the Northeast, Bahia is noteworthy for 
its strong participation in soybean oil production, making it another top contributor to the green diesel 
supply chain. In 2022, Bahia produced 555.8 million liters of primary sources, representing 90,0% of 
the entire supply in the northeastern region during the same period.

The information in Infographic 6 shows that Brazil has significant potential to lead the world in 
green diesel production, with more than 7.5 billion liters of raw materials available from its extensive 
production of vegetable oils and animal fats. The conversion or installation of refineries suitable for 
the hydrotreating process could catalyze this potential, allowing the country to optimize its biomass 
supply advantages. This development would not only solidify Brazil as a leading player in the global 
biofuels market but also support compliance with international decarbonization targets, particularly by 
promoting efficient, low-emission mobility in the road transportation sector — one of the country's 
biggest energy consumers.

It is also worth mentioning that the Brazilian government recently committed to investing BRL 200 
billion in biorefining. This funding will support the development of sustainable fuels, including 
aviation biokerosene, green diesel, second-generation ethanolab, hydrous ethanol, and biodiesel, 
as well as carbon capture and storage projects. The funds were announced during the 28th United 
Nations Conference of the Parties (COP28)—the main event on climate change—in 2023, and part 
of them will be allocated to the establishment of new hydrotreating refineries, expanding Brazil's 
capacity to produce green diesel[25].

aa According to an article published in Estadão. Access on: 04 Feb. 2024. Access link: tinyurl.com/3d68pzvv
ab It is a biofuel produced using waste (sugar cane bagasse) from the hydrated ethanol production process.
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      INFOGRAPHIC 6
Map of green diesel production capacity from vegetable oils and animal fat, 
by state and region in Brazil (2023, in kg)

1.356.855 – 1.809.136 

904.570 – 1.356.854 

452.285 – 904.569 

0 – 452.284 

Caption:
Production of vegetable oil and animal fat
by States (kg)

Caption:
Production of vegetable oil and animal fat
by Regions (kg) 

South – 3.252.997

Midwest – 2.951.970 

Northeast – 619.534

Southeast – 437.780

North – 283.852

Source: Prepared by CNT, based on ANP (2024). Access on: 04 Feb. 2024.
Access link: gov.br/anp/pt-br/centrais-de-conteudo/paineis-dinamicos-da-anp/paineis-e-mapa-dinamicos-de-produtores-de-combustiveis-
e-derivados/painel-dinamico-de-produtores-de-biodiesel

ROAD APPLICATIONS

As mentioned in the section "What is Green Diesel?", road vehicles that run on diesel engines are 
compatible with the use of green diesel and do not require mechanical modifications, regardless of 
their date of manufacture[26].

Heavy vehicle manufacturers are already launching truck and bus models that are certified to use 
renewable diesel, such as Volkswagen's Meteor Optimus (Picture 1), which was designed, manufactured, 
and tested to operate with this biofuel. The automaker claims that there are reductions in CO2 emissions 
of up to 90%, considering the well-to-wheel scopeac, compared to the use of pure diesel.

ac According to the Ministry of Mines and Energy (MME), the "well-to-wheel" methodology, also known as Life Cycle Assessment (LCA), accounts for all 
emissions generated throughout the fuel chain, including the stages of energy generation, extraction, production, and use. Access on: 04 Mar. 2024. 
Access link: tinyurl.com/bdt6dkmx
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Additionally, the model features aerodynamic improvements such as deflectors and fiberglass fairings, 
optimizing airflow and minimizing air resistance, which contributes to reducing energy consumption. 
Its engine is the 13-liter D26, with 530 horsepower and 255 kilograms-force per meter of torque, with 
a suggested price of BRL 828,000 in the Brazilian market in 2022. According to the automaker, these 
technologies provide savings of up to 8% in fuel consumption, representing an evolution in energy and 
environmental efficiency that leads to a reduction in fuel costs and, consequently, a decrease in exhaust 
emissions[27].

DAF, another heavy vehicle manufacturer, has launched a new generation of trucks designed to be 
fueled with 100% green diesel (Picture 2). This new line of vehicles also promises to reduce CO2 
emissions by up to 90%, covering the entire cycle, from well to wheel, by replacing fossil diesel with 
biofuel. In addition to the environmental benefits, the automaker's new vehicles required no technical 
modifications, delivered energy performance equivalent to that of fossil diesel, and maintained their 
maintenance intervals — up to 200,000 kilometers — when used for long-distance journeys[28].

DAF's new range includes models adapted to various applications, including the LF series for urban 
distribution transportation, the XD series for specific applications such as concrete mixers and cranes, 
and the XF, XG, and XG+ series for transportation of heavy loads over long distances[28].

Picture 1. Outreach/Volkswagen. 10 Nov. 2022. Access on: 06 Feb. 2024. 
Access link: tinyurl.com/4v3dzra9 

Picture 2. Outreach/DAF. 06 Feb. 2024. Access on: 06 Feb. 2024.  
Access link: tinyurl.com/54c6k7ca
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In the passenger segment, Scania launched a new line of charter and urban transportation buses in 
2022 that already comply with the technical and environmental standards established by the new 
phase of Proconve P8ad and are qualified to use green diesel. This new generation includes the K Series 
models (Picture 3), which feature technologies that reduce fuel consumption by up to 8% in road 
freight buses, thanks to advanced engines and automated transmissions, and savings of up to 10% in 
urban transportation models. A highlight of this series is the engines already tested with green diesel, 
complemented by an improved injection system, more agile gear changes, and a 25% reduction in 
mechanical repairs[29].

For the K Series chassis, Scania will offer 4x2, 6x2, and 8x2 configurations. The engines range from 9 
to 13 liters, delivering up to 500 horsepower with up to six cylinders. The road models are suitable 
for the charter segment over short, medium, and long distances, including the tourism industry. The 
urban models, on the other hand, range from 12.5 to 28.0 meters in length, with a capacity to carry up 
to 270 passengers. These models are available in various configurations, including low-floor, padronae, 
articulated, and bi-articulated — designed especially for bus rapid transit (BRT) corridors — ensuring 
versatility in urban transportation[29].

Volvo has also expanded its product portfolio by including road buses certified for green diesel, in any 
blend, in the B380R, B420R, B460R, and B510R models (Picture 4). According to the manufacturer, 
these vehicles, equipped with engines that reach 510 horsepower, offer fuel savings of up to 9%, while 
significantly reducing the operating costs of carriers. The models are also designed with systems that 
ensure smooth gear changes and light steering, providing a comfortable and safe journey for both 
drivers and passengers.

ad  The P8 phase of the Program for the Control of Air Pollution from Motor Vehicles (Proconve), defined under Resolution No. 490/2018 of the National 
Environment Council (Conama), established new emission standards for heavy-duty motor vehicles. It came into force on January 1, 2022, for new 
vehicle models and on January 1, 2023, for other vehicles.
ae These vehicles have the capacity to carry up to 80 passengers, seated and standing, with a minimum total gross weight of 16 tons and a maximum 
length of 14 meters. Acess link: volvobuses.com/br/news1/blog/informacoes-e-curiosidades/classificacao-dos-onibus-no-brasil.html
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Volvo's green diesel buses are equipped with 13-liter engines and have a maximum gross weight 
ranging from 19.5 tons for the 4x2 version to 29.5 tons for the 8x2 model. In addition to the 
environmental benefits, such as a reduction of up to 85% in CO2 emissions with the D13K engine, 
these buses feature advanced technologies to enhance energy efficiency on the road. Among these 
innovations are double radiators, installed on opposite sides of the engine, cooled by high-efficiency 
electric fans. This configuration allows for maintaining a low and uniform temperature in the engine 
compartment under all weather conditions, preventing overheating during high-intensity use, which 
could otherwise compromise the engine's energy efficiency[30].

Regarding the quality of combustion in heavy vehicle engines, a study conducted in Finland compared 
fuel consumption by considering the physicochemical properties of renewable liquid sources such 
as green dieselaf and ester-based biodiesel. In this test, a mathematical model with high predictive 
capacity was developed, based on 66 real conditions of vehicle use, to predict energy consumption in 
different driving cyclesag. The results showed that fuel consumption increases as the oxygen content of 
the input sample increases — an inherent characteristic of ester-based biodiesel — since this property 
reduces its calorific value. Additionally, it was found that fuels with a high cetane number, such as 
green diesel, enhance vehicle performance due to increased chemical reactivity in the combustion 
chamber[31].

af  The study used green diesel obtained from the hydrotreatment of vegetable oils and Fischer-Tropsch synthesis.
ag The heavy trucks and buses investigated were mostly equipped with engines in the 7 to 9-liter displacement range.

Picture 3. Outreach/Scania of Brazil. 29 Sep. 2022. Access on: 13 Feb. 2024. 
Access link: tinyurl.com/yc3n47wb

Picture 4. Outreach/Volvo. 11 Aug. 2022. Access on: 13 Feb. 2024. Access link: 
tinyurl.com/46vdfm7u
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The study also revealed, using results from the Braunschweigah driving cycle, that vehicles fueled with 
hydrotreated green diesel consume 5% less fuel (measured in kg/100 km) compared to those powered 
by pure diesel. These results have shown that green diesel represents a technically advantageous 
renewable fuel choice for road vehicles, providing a solution that enhances energy efficiency for 
carriers.

However, a relevant aspect for transportation companies considering investment in vehicles powered 
by alternative sources is the cost associated with renewing their fleets. These technologies still pose 
some disadvantages, such as high initial investment in vehicle purchase and the cost of the energy 
source. 

In this context, the International Council on Clean Transportation (ICCT) conducted a study on the 
economic viability of carriers acquiring cleaner truck vehicle technologies by 2030, analyzing the 
total cost of ownership (TCO) in Europe[32]. TCO is commonly used by transportation companies to 
evaluate the benefits of acquiring or renewing a fleet, including the purchase price and operating 
costs associated with the vehicle.

The calculation takes into account the costs of buying trucks, average fuel costs in Europe, maintenance 
costs, tolls, taxes, and European duties. The results, compared to those of a standard vehicle powered 
by traditional diesel—represented by the reference line at 0.0%—are detailed in Chart 5. The study's 
assumptions were as follows: green diesel — produced from the hydrotreatment of waste such as 
cooking oil; synthetic diesel (produced using electricity) — offered by Brazil from local electricity 
applications; compressed biomethane — obtained from the biodigestion of waste; internal combustion 
hydrogen: fueled with green H2 in spark engines; and dual-fuel hydrogen — fueled with a mixture of 
diesel (10%) and hydrogen (90%).

ah The driving cycle, commonly used in Europe, includes tests on a chassis dynamometer simulating a heavy vehicle in urban driving, with an average 
transient speed profile of 22.9 km/h, reaching a maximum of 58.2 km/h.
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      CHART 5
Comparison of the total cost of ownership (TCO) for trucks using different 
energy sources in Europe in 2030
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+16,3%

+15,1%

+15,0%

+14,8%

+12,6%

+16,8%

+14,3%

+19,8%

+18,6%

+18,3%

+19,3%

+27,1%

+17,3%

+20,8%

+20,4%

+20,0%

+16,0%

+19,6%

+17,3%

+23,6%

+21,2%

+20,0%

0,0% 5,0% 10,0% 15,0% 20,0% 25,0% 30,0%
Comparison of the TCO for different trucks (% based on €/km cost)
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Source: ICCT (2023), with adaptations by CNT. Access on: 15 Feb. 2024. Access link: theicct.org/publication/fs-total-cost-ownership-trucks-europe-nov23
Note: For comparative purposes, only internal combustion vehicles from the ICCT study were considered.

Pure diesel as a reference at 0%

For long-distance trucks (with a total gross weight of more than 16 tons), the TCO analysis compared 
to traditional diesel technology shows similar results for journeys of 500, 800, and 1,000 km, with a 
return to base after each journey. In these scenarios, green diesel vehicles stand out, with an average 
cost increase of only 3.0% compared to fossil diesel trucks. This increase is attributed to the high selling 
prices of green diesel to the end consumer. However, the study notes that the analysis was conducted 
under the premise of low availability of green diesel in Europe, a situation that could differ in Brazil 
due to its extensive production of vegetable oils and animal fats, the raw materials needed to produce 
this biofuel. 

For heavy-duty trucks used on roads and light-duty trucks for urban distribution, there was a small 
increase in TCO for models powered by green diesel. The light truck stands out with a cost increase of 
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just 0.8%, which is close to the economic equivalence of fossil-fueled vehicles. This proximity is due to 
similar costs in categories such as maintenance, purchase price, taxes, and insurance. 

In contrast, vehicles powered by sources other than renewable diesel showed a TCO increase of around 
18% compared to those powered by fossil diesel, especially the average urban truck. The hydrogen-
powered vehicle (H2) had the highest cost increase of 27.1% compared to fossil diesel among the 
technologies studied. This increase was driven by the high estimated price of H2 and its higher fuel 
consumption compared to other technologies.

Considering the survey presented in this section, an optimistic scenario is projected for the coming 
years regarding the energy transition in road transportation toward the increasing use of alternative 
sources, with green diesel vehicles standing out due to their positive performance in energy efficiency, 
low GHG emissions, and optimized TCO. These attributes are essential for the sector to meet its 
decarbonization targets as outlined in international agreements signed by Brazil.
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EMISSIONS BALANCE

The use of renewable diesel in road vehicles leads to a reduction in GHGs, as the carbon released during 
its combustion is considered neutral, being of biogenic renewable originai. Therefore, to understand 
in more detail the impact of using green diesel on the environment, assessing its emissions requires 
a comprehensive analysis of the fuel's life cycle, including the production, distribution, and end-use 
stages, as well as accounting for other pollutant gases not considered greenhouse gases.

In this context, a study conducted in Sweden compared emissions from buses powered by fossil 
diesel, green diesel, and electricity, considering the entire life cycle of these energy sources. The study 
included emissions from the extraction and processing of raw materials, the manufacture of vehicles 
and their components, vehicle maintenance, well-to-wheelaj (WTW), and the disposal of the vehicle at 
the end of its useful life[33]. The results for each type of technology are shown in Chart 6.

In this study, a Volvo model 7900 bus was used as a reference, with 235 kW of power, a gross weight of 
12.5 tons, and a capacity to carry 95 passengers. According to the results in Chart 6, buses fueled with 
green diesel emitted approximately 64.0% less GHGs compared to those powered by fossil diesel with 
7% ester-based biodieselak. This significant reduction occurred in the tank-to-wheel (TTW) phase, where 
the carbon emitted during green diesel combustion is neutralized. This indicator decreased from 69.0 
grams of carbon dioxide equivalental per passenger and kilometer traveled (g CO2eq/passenger x km) 
for those powered by fossil diesel to 1.7 g CO2eq/passenger x km for those fueled by green diesel. It is 
important to note that there was not a 100% reduction in emissions due to the presence of other GHGs 
accounted for in the study, such as methane (CH4) and nitrous oxide (N2O).

ai Biogenic sources come from biological processes or organic materials, which absorb carbon from the atmosphere during their growth. When 
these sources are used as raw material for fuel production, the carbon released during combustion is the same as that previously captured from the 
environment, rendering carbon emissions neutral.
aj This concept considers the scope of energy generation and distribution for operation (well-to-tank – WTT) and fuel combustion in the vehicle (tank-
to-wheel – TTW).
ak The experiment considered the entire life cycle of the fuel (well-to-wheel – WTW), as well as the life cycle of the vehicle, including production and 
end-of-life processes.
al Carbon dioxide equivalent is calculated by multiplying the quantities of different greenhouse gases emitted by their global warming potentials, 
referenced to CO2.
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The study also compared buses powered by renewable diesel with plug-inam hybrid electric buses, 
which use green diesel to power the combustion engines when the electric battery discharges. The 
electricity considered in the study's methodology came from the United States, where 60.0% of 
electricity is generated from fossil fuelsan. As a result, plug-in hybrid electric vehicles showed emissions 
27.5% higher than those of green diesel buses, particularly in the well-to-tank (WTT) phase, where 
emissions associated with electric charging are accounted for. However, in the Brazilian context, these 
emissions would be lower due to the predominance of renewable sources in the national electricity 
matrix.

Among the vehicles analyzed, the hybrid electric bus fueled by green dieselao had the lowest emissions, 
with a 72% reduction compared to conventional buses powered by a diesel-biodiesel blend (with 7% 
biodiesel content). As this vehicle model uses energy recovered during braking to recharge its internal 
batteries, it consumes less liquid fuel, leading to a reduction in emissions associated with combustion. 
In the context of urban routes — where frequent stops and braking occur — hybrid electric technology is 
even more efficient, making it the most environmentally advantageous option, according to the study.

am Plug-in hybrid electric vehicles have both an electric motor and an internal combustion engine. The battery can be charged from internal sources 
(such as braking energy) and/or external sources (like the power grid).
an  According to the US Energy Information Administration (EIA). Access on: 04 Mar. 2024. Access link: eia.gov/tools/faqs/faq.php?id=427&t=3
ao Vehicles with electric or internal combustion engines.  The battery is charged during the journey and/or with braking energy.
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Greenhouse gas equivalent emissions (gCO2eq) associated with the life cycle of buses 
powered by fossil diesel, green diesel and electricity, per passenger and km

      CHART 6
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Regarding emissions of other pollutant gases harmful to human health and the environment—including 
hydrocarbons (HC), carbon monoxide (CO), nitrogen oxides (NOx), particulate matter (PM), and carbon 
dioxide (CO2)—a study conducted at the California Air Resources Board (CARB) monitoring laboratory 
analyzed the percentage variations in emissions of these gases in an older heavy-duty vehicle. The 
tests used a manual Freightliner truck, model C15 from the year 2000, without a gas after-treatment 
system. Urban (average speed of 32 km/h) and highway (average speed of 80 km/h) driving cycles were 
considered, with total gross weights of 19.9 and 26.7 tons, respectively, due to the variation in the load 
allocated to the vehicle[34].

The results of the study, shown in Chart 7, reveal that in both driving cycles (urban and highway), 
the truck fueled with green diesel registered significant reductions in exhaust emissions compared 
to the vehicle that used pure diesel. It is noteworthy that among the fuels studied, renewable diesel 
was the only one that did not show an increase in emissions compared to fossil diesel. On the other 
hand, trucks powered by biodiesel esters (of plant or animal origin) showed increases in HC, NOx, 
and CO2 emissions.
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Additionally, in the same California study, it was observed that trucks tested with green diesel showed 
a reduction of up to 23.4% in HC emissions and 29.4% in PM during the urban cycle. This reduction is 
significant, as the presence of pollutants in the urban atmosphere, where there is a higher concentration 
of people, is extremely harmful to human health and can lead to serious cardiorespiratory conditions. 

When comparing the three fuels analyzed, green diesel stood out with the best environmental 
performance, providing the greatest decrease in emissions, with a reduction of 77.3% in the urban cycle 
and 63.2% in the highway cycle. In contrast, vehicles fueled with ester-based biodiesel (made from 
soybeans in a 20% blend) showed a reduction of 44.3% and 37.8% for the same cycles, respectively.

      CHART 7
Percentage change in pollutant gas emissions from heavy-duty trucks running on green diesel and fossil diesel 
with added plant- and animal-based ester biodiesel, in urban (   ) and highway (   ) cycles.
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The study highlights a greater reduction in PM, especially in the urban cycle, for all biofuels. This is 
due to the low sulfur content in biofuels, which helps reduce the formation of soot during combustion. 
This benefit is reflected in the drop in PM emissions for all the sources evaluated in the chart, with an 
average decrease of 28.1%. 

Based on all that has been explained in this publication, it can be concluded that green diesel is a 
promising alternative for enhancing the environmental sustainability of road transportation. It offers 
significant reductions in pollutant emissions and is technically compatible with the current fleet of 
diesel-powered heavy trucks and buses. 

The main barrier to the widespread use of green diesel in Brazil is its limited supply, largely due to the 
absence of public policies that stimulate its production. Additionally, there are economic barriers, such 
as high production costs and the need for technological adaptations in existing refineries to enable 
large-scale production in the country. 

To make green diesel more financially accessible to users, regulations will be necessary to promote 
its competitiveness against other fuels in the transportation sector. Furthermore, programs with 
investments in research and development will be crucial to reducing production costs.

Brazil’s abundance of raw materials, such as vegetable oils and animal fat, positions the country as 
a potential leader in green diesel production and consumption. However, to achieve this position, 
significant investment in refinery infrastructure will be required. By addressing the challenges 
mentioned above, the government can offer another renewable energy option, ensuring that the 
future of the transportation sector does not depend solely on a single source but rather on a range of 
alternatives, with green diesel being one of them. 
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•	 reduction of GHG emissions and 
pollutants, helping to combat global 
warming and climate change;

•	 no need for modifications to diesel 
vehicle engines, as it is a drop-in fuel; 

•	 possession of physical and chemical 
properties that make the combustion 
process efficient;

•	 publication of specifications by the 
Brazilian government;

•	 increase in the supply of renewable 
sources for heavy-duty vehicles;

•	 encouragement of the local economy 
by using biomass and waste for its 
production;

•	 utilization of existing refinery 
infrastructures to make its supply 
viable; 

•	 certification of vehicles for its use;
•	 boost to Brazil's leadership in clean 

energy production; and
•	 increase in national energy security.

•	 higher prices than conventional 
fuel due to its complex production 
process;

•	 limited supply domestically and 
globally;

•	 dependence on green hydrogen 
(H2) in its production to enhance 
sustainability;

•	 lack of public policies to stimulate its 
production and consumption in the 
country; 

•	 competition with a fuel market 
dominated by fossil sources;

•	 involvement of few national 
companies in large-scale production; 

•	 requirement of significant 
investments in research and 
development to reduce production 
costs; and

•	 potential changes in land use, 
possibly reducing vegetation capable 
of absorbing CO2 (a greenhouse gas).

ADVANTAGES CHALLENGES
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