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Abstract

In 2017, Brazil launched its National Biofuel Policy (RenovaBio) to reduce greenhouse
gas emissions from the transportation matrix, aligned with the National Determined
Contribution commitments under the Paris Agreement. The authors of this Technical Note
formed a working group that structured the methodological framework for RenovaCalc,
the computational tool used by producers to quantify the carbon intensity of biofuels
certified under RenovaBio. The framework is based on the Life Cycle Assessment approach,
in accordance with internationally recognized standards and bioenergy policy guidelines.
For the 2025 cycle, 331 production units (75% of Brazil’s total) had their biofuels under
certification obtained using RenovaCalc, which is currently available for biodiesel, ethanol,
biomethane, and sustainable aviation fuel produced from numerous feedstocks. The
calculator is widely adopted and possibly the most important life cycle tool in Brazil.

Keywords: RenovaBio; LCA; biofuels; GHG emissions

1. Introduction

Sustainable biofuels are key for achieving a low-carbon transportation sector [1]. In
2017, Brazil launched its National Biofuel Policy (RenovaBio) [2], which was updated in
2024 [3], to foster the contribution of biofuels to reducing greenhouse gas (GHG) emissions
in the country’s transportation matrix, aligned with the National Determined Contribution
commitments under the Paris Agreement [4,5]. The policy is based on three key instruments:
national reduction targets, aiming for a reduction in the overall carbon intensity (CI) of
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the Brazilian fuels (i.e., amount of life cycle GHG emitted per M] of fuel); biofuel producer
certification; and generation of decarbonization credits (CBIOs).

The GHG emission targets are established annually over a rolling ten-year timeframe.
This mechanism ensures predictability for the fuel market and incentivizes gains in biofuel
production efficiency and reduction in GHG emissions. The national targets are converted
into mandatory individual targets for each liquid fuel distribution company in Brazil,
proportional to their market share. Fuel distributors are obliged to reduce their carbon
footprint, either by acquiring low-impact biofuels or by purchasing CBIOs [6].

The certification involves a rigorous process, where biofuel producers must provide
the technical data related to their biomass and biofuel production processes. These data
are used to calculate the biofuel’s CI, used as the primary indicator of the environmental
performance of certified biofuels. The CI value is then used to estimate the emission
reduction (compared with the reference fossil fuel) and the energy-environmental efficiency
score (NEEA) (subtraction of the biofuel’s CI from that of the replaced fossil fuel). The
informed data and the quantification of CI and NEEA are certified by a third party to
provide credibility and transparency for CBIO generation within the policy [6].

Lastly, CBIOs are tradable assets generated by biofuel producers, which can be offered
for sale on the Brazilian Stock Exchange (B3). The quantity of CBIOs generated is directly
proportional to the amount of biofuel produced in accordance with the policy’s eligibility
criteria and the producer’s NEEA. Each CBIO represents one metric ton of avoided carbon
dioxide equivalent (t CO,e) emissions due to the production and use of biofuels in the
country [6]. The target for 2025, including the missed 2024 target, was set at 49.4 million
CBIOs [7].

These instruments collectively ensure that RenovaBio is recognized as a market-
based policy [8]. Although participation in the policy is voluntary, 331 plants are under
certification to issue CBIOs, representing 75% of all biofuel producers in Brazil [9].

Recent studies examined different aspects in the context of RenovaBio, including the
CI of biofuels using certified data submitted by producers [10-13], discussions on the policy
implementation [14-16], and other aspects [8,17-19]. Although Branco et al. [11] described
some features of the calculation procedures, no study, to our knowledge, has explored
in detail the methods adopted to obtain the life cycle GHG emissions of biofuels under
the policy.

The authors of this Technical Note formed the working group that structured the
methodological framework of the calculator named RenovaCalc, which was approved
by the Brazilian government for producers to obtain the CI of biofuels to be certified.
The resulting document describing RenovaCalc [20] was submitted to a formal public
consultation held by the Brazilian National Agency of Petroleum, Natural Gas, and Biofuels
(ANP) and evaluated by specialists in the biofuel field in 2017. However, the document is
only available in Brazilian Portuguese and has not been published elsewhere. Therefore, the
objective of this Technical Note is to fill this gap by describing the features of the proposed
method to allow transparency, usability, and scrutiny by the scientific community.

2. Materials and Methods
2.1. The General Approach

Life Cycle Assessment (LCA) (i.e., method for evaluating the environmental impacts
of a product, process, or service from the extraction of raw materials to its final disposal),
which is described and standardized in ISO documents [21,22], is the principal method
adopted to calculate the CI of the biofuels certified under RenovaBio. In Brazil, the Brazilian
Association of Technical Norms (ABNT) translated and compiled the LCA documents for
use within the country [23-26]. While a comprehensive LCA study should comprise a
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variety of environmental impacts related to the protection of natural resources, ecologi-
cal systems, and human health, RenovaBio focuses exclusively on the “climate change”
category, given the policy’s specific objective of decarbonizing the transport sector.

Table 1 summarizes the key features of the method. It considers a Well-to-Wheel (WtW)
scope, where energy and materials consumed by productive processes are accounted for
from the extraction of natural resources, production and treatment of biomass, industrial
conversion, through to the biofuels” combustion in engines, including the transportation
stages along the chain. To treat the co-products, the method adopts the allocation of impacts
(i.e., the process of distributing the environmental impacts of a system among its multiple
products or functions) considering the energy content (lower heating values (LHVs)) of
the outputs, as it appropriately values the most representative multi-output processes
from the biofuel refinery types in Brazil (i.e., sugarcane converted to ethanol, sugar, and
electricity, and soybean converted to oil, meal, biodiesel, and glycerine). Some features may
be changed or updated when new pathways and technologies are submitted to RenovaBio
(e.g., bioenergy with carbon capture and storage (BECCS); maritime and aviation fuels), and
alignment with existing international protocols (e.g., the Carbon Offsetting and Reduction
Scheme for International Aviation (CORSIA) and the International Maritime Organization
(IMO) GHG Strategy).

Table 1. Key methodological features of the Life Cycle Assessment (LCA) adopted to calculate the
carbon intensity of biofuels certified in RenovaBio.

Feature Description
Approach Attributional
Scope Well-to-Wheel (WtW)

Functional un

MJ of fuel consumed. See Table S1 for carbon intensity (CI) values of

it reference fossil fuels and their corresponding biofuel replacements.

Co-products

Allocation of impact considering the energy content. See
Tables 52 and S3 (SI) for lower heating values (LHVs) of fuel and
non-fuel co-products.

Life cycle datab

Ecoinvent database v3.1 [27]. See Table S4 (SI) for inputs and
ase operations considered and their corresponding processes in
the database.

Consideration on residues

Residues are exempt from impacts at their point of origin; therefore,
impacts from collection and transportation activities should be
considered. See Tables S4 and S5 (SI) for impacts from agricultural
operations related to waste collection and transportation.

Land use change (LUC) treatment

Risk-based, through three eligibility criteria: zero
deforestation/conversion from native vegetation after 2018, regular
Rural Environmental Registry, and compliance with palm oil zoning.
LUC GHG balance is not quantified.

Impact assessment method

Intergovernmental Panel on Climate Change’s (IPCC) Global Warming
Potential (GWP) 100-year, covering the main GHGs: carbon dioxide
(COy), methane (CH,), and dinitrogen monoxide (N,O). Originally,

characterization factors to convert GHG emissions into CO; (in kg
COye/kg GHG) were based on the Fifth Assessment Report (AR5)
(fossil CHy = 30; biogenic CHy = 28; N,O = 265) [28].

The report “Carbon Accounting for Sustainable Biofuels”, prepared by the Inter-
national Energy Agency [29], presents a comparison summary of policy frameworks,
including RenovaBio, the California Low Carbon Fuel Standard (CA-LCEFES) [30], the EU Re-



Sustainability 2025, 17, 10442

40f11

newable Energy Directive (EU RED) [31], and CORSIA [32]. The same reports present a com-
parative table of the main features of LCA calculators, including RenovaCalc, GREET [33],
BioGrace [34], and GHGenius [35].

2.2. Additional Impacts

In addition to the emission factors retrieved from the Ecoinvent database v3.1 [27] for
the inputs and agricultural operations considered (e.g., the production of fertilizers and
fossil fuels), this method takes into account foreground emissions of practices characteristic
of biofuel production systems. This includes (i) CO, emissions from the application of
urea and limestone in the field, and direct and indirect N,O emissions from the use of
fertilizers and organic residues, adopting the IPCC guidelines [36]; (ii) CO, and biogenic
CHj emissions from sugarcane straw burning, using estimates from the GREET model [33];
and (iii) GHG emissions from fuel combustion in boilers, and trucks and agricultural
machinery, using data retrieved from IPCC guidelines [37] and The GHG Emissions Assess-
ment Tool [38]. See Tables S6-S8 and the “Calculation of direct and indirect N,O emissions
from IPCC guidelines” section of the Supporting Information (SI) for detailed information
regarding numerical values and calculation procedures to obtain such emissions.

2.3. Considerations on Land Use Change

The impacts potentially associated with land use change (LUC) can have signifi-
cant implications for biofuel sustainability strategies [39]. However, due to its com-
plex nature, the treatment of LUC impacts in bioenergy policies is considerably vari-
able [29]. The lack of consensus in the scientific community and the various uncertainties
related to its quantitative assessment challenge its proper incorporation in bioenergy and
decarbonization policies.

Possibilities to include LUC in the proposed method, considering the quantifi-
cation of direct (DLUC) and indirect LUC (ILUC) and management strategies, were
investigated [40,41]. As of now, RenovaBio addresses LUC through a risk-based approach,
considering three main eligibility criteria: (1) no certification of biofuels made from areas
with native vegetation suppression after 2018; (2) Regular Rural Environmental Registries
(CAR) of farms where biomass is sourced from, used as proxies for compliance with the
Native Vegetation Protection Law; and (3) compliance with the existing agroecological
zoning for bioenergy feedstocks, which is currently available for palm oil [40,42].

These criteria are intended to prevent the most harmful types of LUC—the conversion
of areas of native vegetation to produce biofuels or the expansion of cropland into envi-
ronmentally sensitive areas in Brazil. In addition, these criteria were in line with desirable
characteristics for implementation in the first phase of the policy: reduced complexity
levels and certification costs for production units, synergies with national land use policies,
and capacity for compliance and assimilation by the productive sector. See Table S9 (SI) for
detailed information.

2.4. Required Parameters for Calculating Biofuel Carbon Intensity

Figure 1 illustrates the life cycle stages of the WtW scope considered in this method.
Accordingly, we compiled a list of parameters required for various biofuel production
pathways: ethanol from sugarcane (first-, dedicated second-, and integrated first- and
second-generations), ethanol from corn (dedicated and imported), ethanol from both
corn and sugarcane (flex), biodiesel from various feedstocks (soybean, palm, cotton-
seed, and residual oils and fats), sustainable aviation fuel (SAF) from soybean through
hydro-processing of esters and fatty acids (HEFA), and biomethane from residues. See
Tables S12-517 (SI) for details on all parameters (i.e., item, description, unit, and recom-
mended verification) for the agricultural and industrial stages required to calculate the CI
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of biofuels under RenovaBio for each pathway. This type of information is also required
and verified during certification.

Well-to-W heel

Cultivation and
harvesting

Transportation Conversion Distribution Usein
to mill to biofuel logistics vehicles

Agricultural Industrial Distributionand use

Figure 1. Life cycle stages considered in the Well-to-Wheel (WtW) scope.

2.4.1. Agricultural Stage

To characterize the agricultural stage, biofuel producers and biomass suppliers may
use either primary data reflecting their actual production systems or predefined (penalized)
values. The option of using penalized values was introduced to enable participation in
the policy even when complete or precise data are unavailable. These penalized values
are based on typical agricultural profiles to which penalty factors have been applied,
representing the least favorable conditions observed in the sector. Different penalty factors
were assigned according to the agricultural parameter and the type of feedstock.

For the eligibility criteria (see Section 2.2 and Table S9 (SI)) and for the parameters “total
area”, “feedstock production”, and “agricultural residues collected” (see Tables S10-517 (SI)),
the policy only allows the use of primary data. For the other required parameters, such
as burned area, limestone, gypsum, seeds, synthetic and organic fertilizers, fuels, and
electricity use, primary or penalized data can be used.

The required agricultural parameters always refer to the total biomass production area,
including areas under soil preparation, planting, cultivation, and harvesting. Annual crops
such as soybean and corn complete all these stages within the same area during a single
year. Sugarcane, on the other hand, is a semi-perennial crop in which not all operations
occur every year. This characteristic affects the values of agricultural parameters—yield,
for instance, is typically reported per harvested hectare, and when calculated over the total
production area, the resulting value is lower.

In most cases, biofuel plants use a combination of primary and penalized values
reported by feedstock producers, because each plant is usually sourced by several farms,
owned by different companies. Therefore, biofuel producers who use data partially or
entirely based on penalized values overestimate the impacts, compared with those who use
solely primary data. This is expected to encourage farmers to report actual primary data
for the agricultural stage. As an example, Table 2 presents typical and penalized values for
sugarcane production. See Tables S19-521 (SI) for typical and penalized values for soybean
and domestic and imported corn.

We recommend caution when conducting studies based on information retrieved from
biofuel plants certified under RenovaBio, as the use of penalized values influences the
agricultural profiles, which can misrepresent the real conditions. Consequently, this can
lead to inaccurate results, especially in studies focused on obtaining the average CI of
biofuels produced in the country for comparative purposes. When calculating the life cycle
GHG emissions from sugarcane ethanol in Brazil using data from RenovaBio, Liu et al. [12]
retrieved information from more than 60 certified plants, including a number that reported
penalized values for their agricultural stage, but no caveats regarding the type of data used
were presented in the paper, whereas Pereira et al. [19] managed to filter this information
and consider only plants that reported actual primary data.
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Table 2. Examples of typical and penalized values for sugarcane production.
Parameter Unit Typical Penalized

Burned area % 18% 100%
Calcitic or dolomitic limestone kg/t cane 5.79 12.00
Gypsum kg/t cane 2.79 5.00
Synthetic N fertilizers kg N/t cane 1.11 2.00
Synthetic P,Os fertilizers kg P,Os/t cane 0.44 1.00
Synthetic KO fertilizers kg K,O/t cane 1.35 2.00
Organic N fertilizers—vinasse L/t cane 440.20 1000.00

N concentration in vinasse gN/L 0.38 0.38
Organic N fertilizers—filter cake kg/t cane 30.60 42.80

N concentration in filter cake g N/kg 2.80 2.80
Organic N fertilizers—ashes kg/t cane 7.20 10.10
Diesel (B10) 2 L/t cane 3.18 6.00

a Fossil diesel mixed with 10% v/v of biodiesel.

In addition to penalized values for agricultural inputs, this Technical Note provides
fixed values that are specific to herbicides (e.g., glyphosate, sulfentrazone, and diuron)
and insecticides (e.g., teflubenzuron and bifenthrin), characteristic of sugarcane and corn
production systems. For soybean, fixed values are provided for unspecified pesticides,
glyphosate, and 2,4-D. See Tables 522-524 (SI) for a complete list of pesticides and their
corresponding processes in the Ecoinvent database v3.1 [27]. We also provide a list of
the composition of N, P,Os, and KO elements in chemical fertilizers for consultation in
Table S25 (SI).

2.4.2. Industrial Stage

The policy does not provide penalized values for the industrial stage; therefore, pro-
ducers are required to report primary data on product yields and energy requirements,
such as the amount of biomass burned in boilers. Industrial inputs with higher con-
tribution to the biofuels” CI also need to be informed—such as methanol and ethanol
used in biodiesel, or enzymes, sulfuric acid, ammonia, and sodium hydroxide in second-
generation ethanol. Nevertheless, data on other inputs are fixed, such as the amounts of
calcium oxide, n-hexane, sulfuric acid, and water in sugarcane-based routes, or alpha-,
beta-, and gluco-amylases for corn ethanol, since the impacts from these chemicals are
generally not significant. See Tables 526 and S27 (SI) for the fixed values considered for the
industrial inputs.

2.4.3. Distribution and Use Stages

The information required for the distribution of biofuels in all production pathways
refers to the logistics system, consisting of the transportation mode and distances. Producers
only need to report the amount of biofuel transported per mode (i.e., road, pipeline, railway,
and maritime), but not the distances. Average distribution distances from biofuel plants
to fuel stations were previously determined for each biofuel and transportation mode,
based on our estimations by considering typical distances between crop production areas,
major cities, and ports in Brazil. In case the producer does not have information about
the distribution mode of the biofuel, the method will adopt the road logistics system as
standard, except for the imported corn ethanol pathway, for which the maritime system
should be adopted. See Table S28 (SI) for the composition and average distances of the
logistics systems adopted. For the use stage, the framework adopts the emission factors
of fuel combustion (e.g., biodiesel, hydrated ethanol, and gasoline) in mobile sources
presented in Table S7 (SI).
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3. The Calculator (RenovaCalc) and Its Outputs

RenovaCalc is an MS Excel spreadsheet-based calculator designed to standardize and
maintain consistency of the method described in this Technical Note by incorporating
all necessary factors and databases. The calculator facilitates the entry of required data
and parameters by the user (biofuel producer or other stakeholders) through its graphic
interface and, ultimately, assists in the RenovaBio certification processes. RenovaCalc’s
primary output is the CI of the assessed biofuel, which is used to calculate the emission
reduction compared with the fossil fuel of reference (used for transportation) and the
NEEA. Moreover, the calculator allows the user to investigate detailed results, such as the
individual contribution of agricultural and industrial inputs to the overall impact.

The policy defines that biofuel producers must use RenovaCalc to submit their data
and the impact assessment to RenovaBio since 2018. The current versions—v8 for soybean
biodiesel and v7 for all other production pathways considered—are available for download
on the webpage of the program [43]. See Figures S1-S3 (SI) for screenshots of RenovaCalc,
specifically suited for the assessment of first-generation sugarcane ethanol in Brazil. Table 3
shows the number of certified plants and the average CI and NEEA of the various types of
biofuels obtained using the calculator. From 2020 to 2024, the emissions avoided totaled
157.8 Mt COze, according to estimates by RenovaBio [44], considering the use of biofuels
instead of fossil fuels in the country’s transportation mix.

Table 3. Biofuel plants, carbon intensity (CI), and energy-environmental efficiency score (NEEA)
values certified under RenovaBio (as of October 2, 2025) [9,44].

CI CI
Biofuel Tvpe Certified of Biofuel NEEA ? of Reference
yp Plants (g CO»e/M]J) (g COze/M]J) Fossil Fuel
§ -2 (g COze/M]J)
First-generation sugarcane hydrated ethanol 277 28.07 59.33
First-generation sugarcane 190 2739 60.01
anhydrous ethanol
First-generation corn hydrated ethanol 7 33.05 54.35
- - Gasoline
First-generation corn anhydrous ethanol 7 28.29 59.11 87.40
Integrated first-generation sugarcane/corn
hydrated ethanol 7 28.75 58.65
Integrated first-generation sugarcane/corn 6 2793 59.47
anhydrous ethanol
Biodiesel from unspecified sources 42 21.36 65.14 [52166281
C
Biomethane from residues 5 7.93 78.77 AV; 6r z;%e

2 Subtraction of the CI of the fossil fuel from that of the biofuel by which it is replaced. See Table S1 (SI) for the CI
values of fossil fuels. ® Combination of vegetal (e.g., soybean and cottonseed) and residual oils (e.g., animal fat
and used cooking oil). © Average of diesel, gasoline, and compressed natural gas (CNG), considering the market
share, in terms of energy, of each fuel type in 2017 [38,45].

4. Conclusions

This Technical Note describes the method adopted to calculate the CI of biofuels in
the RenovaBio certification process. We addressed important methodological choices, such
as treating LUC through a risk-based approach rather than quantitatively assessing its
impacts, and the possibility of using penalized values, instead of actual primary data, for
the agricultural stage, recognizing the need for improvements in the policy.
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For the 2025 cycle, 331 production units (75% of Brazil’s total) had their biofuels
under certification obtained using RenovaCalc, which is currently available for biodiesel,
ethanol, biomethane, and SAF produced from numerous feedstocks. The calculator is
widely adopted and possibly the most important LCA calculator in Brazil, contributing to
induce life cycle thinking beyond the bioenergy sector and reduce GHG emissions in the
transportation sector.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/su172310442 /s1: Table S1: Carbon intensity of fossil fuels and
their corresponding biofuel replacements; Table S2: Specific mass and lower heating value (LHV) of
fuels; Table S3: Lower heating value (LHV) of non-fuel co-products; Table S4: Inputs and operations
considered in RenovaCalc and their corresponding processes in Ecoinvent database v3.1 (2014),
unless specified otherwise; Table S5: Greenhouse gas (GHG) emissions from fuel combustion in
trucks and agricultural machinery; Table S6: Greenhouse gas (GHG) emissions from the field;
Calculation of direct and indirect N, O emissions from IPCC guidelines (2006b); Table S7: Greenhouse
gas (GHG) emissions from fuel combustion in mobile sources; Table S8: Greenhouse gas (GHG)
emissions from combustion in boilers; Table S9: Criteria of eligibility to the RenovaBio program;
Table S10: Parameters for the first-generation sugarcane ethanol pathway; Table S11: Parameters for
the dedicated second-generation sugarcane ethanol pathway; Table S12: Parameters for the integrated
first- and second-generation sugarcane ethanol pathway; Table S13: Parameters for the dedicated
corn ethanol pathway; Table S14: Parameters for the integrated sugarcane and corn ethanol pathway
(flex); Table S15: Parameters for the imported corn ethanol pathway; Table S16: Parameters for
the biodiesel pathway; Table S17: Parameters for the soybean sustainable aviation fuel (SAF) via
hydro-processed esters and fatty acids (HEFAs) pathway; Table S18: Parameters for the biomethane
from residues pathway; Table S19: Typical and penalized values for the agricultural stage of soybean
production; Table S20: Typical and penalized values for the agricultural stage of corn production;
Table S21: Typical and penalized values for the agricultural stage of corn production in the US;
Table 522: Fixed values of pesticides for the agricultural stage of sugarcane production and their
corresponding processes on Ecoinvent database v3.1 (2014); Table S23: Fixed values of pesticides for
the agricultural stage of corn production and their corresponding processes on Ecoinvent database
v3.1 (2014); Table S24: Fixed values of pesticides for the agricultural stage of soybean production and
their corresponding processes on Ecoinvent database v3.1 (2014); Table S25: Composition of nitrogen
(N), phosphorus (P;0s), and potassium (K,O) in chemical fertilizers for consultation; Table 526: Fixed
values of industrial inputs used for ethanol production from sugarcane and corn; Table S27: Fixed
values of industrial inputs used for biodiesel and sustainable aviation fuel (SAF) production from
soybean oil; Table 528: Composition and average distances (in km) of the logistics systems adopted
for the biofuel production pathways; Figure S1: Screenshot of RenovaCalc (RENOVACALC_E1GC
spreadsheet); Figure S2: Screenshot of RenovaCalc (_E1GC spreadsheet); Figure S3: Screenshot of
RenovaCalc (_ DADOSAUXILIARES spreadsheet).
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