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ABSTRACT

Given the depletion of fossil fuels and the associated environmental problems, there is a
growing need to seek new energy sources, such as biofuels, and to develop technologies to
harness renewable and less polluting energy. The current situation calls for a shift in
attitudes toward the environment, which requires the formation of critical citizens, and the
school is a crucial environment for this. Education can promote more responsible behavior
among students in society, and one way to introduce relevant topics for sustainable
development is through textbooks. This research aimed to analyze how the topic of biofuels
is addressed in seven collections of Natural Sciences and Technology textbooks selected by
the 2021 National Textbook and Teaching Material Program for High School in Brazilian
public schools, following the recommendations of the National Common Curricular Base.
The analysis was based on Bardin's (2011) framework. It was observed that the approach to
the topic varied among the collections, with some books addressing the subject in more
depth and others more superficially. Additionally, the research identified the use of
different didactic resources, such as images and diagrams. The articulation of the topic with
the competencies of the National Common Curricular Base showed that the focus was more
on specific content about biofuels, revealing some limitations in the practical application of
this knowledge and in the critical-citizen education of students.
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Analise da circula¢ao do tema
biocombustiveis em livros didaticos de
ciéncias da natureza e suas tecnologias para
0 ensino médio

RESUMO

Diante do esgotamento dos combustiveis fosseis e dos problemas ambientais associados,
surge a necessidade de buscar novas fontes de energia, como os biocombustiveis, e
desenvolver tecnologias para explorar energias renovaveis e menos poluidoras. A atual
situacdo exige uma mudanca de postura em relagdo ao meio ambiente, o que demanda a
formacgao de cidadaos criticos, e a escola é um ambiente crucial para isso. A educagao pode
promover uma atua¢do mais responsavel dos alunos na sociedade, e uma forma de inserir
temas relevantes para o desenvolvimento sustentavel é através dos livros didaticos. Esta
pesquisa teve como objetivo analisar como o tema dos biocombustiveis é abordado em sete
colec¢Oes de livros didaticos de Ciéncias da Natureza e suas Tecnologias, selecionadas pelo
Programa Nacional do Livro e do Material Didatico de 2021 para o Ensino Médio das escolas
publicas brasileiras, conforme as recomendagdes da Base Nacional Comum Curricular. A
andlise foi realizada com base nos pressupostos de Bardin (2011). Observou-se que a
abordagem do tema variou entre as cole¢des, com alguns livros tratando o assunto de
forma mais aprofundada e outros de maneira superficial. Além disso, a pesquisa identificou
a utilizagdo de diferentes recursos didaticos, como imagens e esquemas. As articula¢des do
tema com as competéncias da Base Nacional Comum Curricular mostraram que o foco
estava mais nos conteudos especificos sobre biocombustiveis, revelando algumas limitages
na aplicagdo pratica desses conhecimentos e na formagdo critico-cidada dos alunos.

PALAVRAS-CHAVE: Biocombustiveis; Livros didaticos; Ensino de Ciéncias.
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INTRODUCTION

Science/Chemistry Education is essential for fostering a sense of citizenship
in students that leads to conscious action in various contexts. We believe that
Natural Science Education, particularly Chemistry, can help students develop
their way of thinking about the world around them, enabling them to build
arguments to explain the natural and scientific phenomena they observe, as well
as apply their scientific knowledge in everyday situations.

Therefore, for chemistry education to contribute significantly to the
development of a broad understanding of knowledge and the critical-citizen
development of students, it must include socially relevant topics in the
classroom, relating them to chemical processes and concepts, in order to build
scientific knowledge that can be applied to everyday situations and contexts
linked to the environment, technology, the economy, and society.

The crucial importance of caring for the environment is constantly
mentioned in the mass media and in textbooks about sustainable development,
with the aim of raising awareness of society's attitudes toward the environment.
When it comes to sustainability, it is essential to consider the composition of the
global energy matrix and the possibility of replacing non-renewable energy
sources with renewable ones, which can reduce the damage caused to the
environment. In this regard, one of the specific skills (EM13CNT309) outlined by
the National Common Curricular Base is:

Analyze socio-environmental, political, and economic issues related to the
world's current dependence on non-renewable resources and discuss the need
to introduce alternative and new energy and material technologies, comparing
different types of engines and processes for producing new materials. (Brasil,
2018, p. 560).

In this context, addressing the topic of biofuels in the classroom and their
inclusion in the energy matrix as a replacement for fossil fuels is important
because it enables students' individual and collective decisions and actions to aim
at minimizing socio-environmental impacts, which can improve living conditions
at the local, regional, and global levels and promote sustainable development.

In addition to the conceptual chemical content related to the topic of
biofuels, schools can address issues related to environmental education and
sustainability, enabling students to explore and understand the natural resources
that can be used in the energy matrix in a way that reduces harm to nature and
maintains a healthy balance between society and the environment. According to
Pinto (2016), developing the topic of biofuels as a theme in education is
important because:

[...] society has little knowledge regarding environmental issues. Therefore, it is
necessary to include these subjects in the school context because it is in this
environment that they are effectively discussed, allowing for the understanding
of environmental themes and the development of an active stance of
participation, leading toward sustainable development." (p. 14).

Further on this topic, it is worth highlighting the discussion developed by
Angeli and Carvalho (2020), who draw attention "to the fact that the injustices
generated by the capitalist production model go beyond socio-economic
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inequalities, also affecting access to environmental resources and exposure to
environmental degradation."” (p. 2).

Introducing the topic of biofuels into the school context enables children and
adolescents to be aware, from the beginning of their social formation, of the
importance of caring for the environment and adopting sustainability-based
attitudes.

One way to introduce this topic to students is by addressing it in textbooks,
pedagogical materials focused on teaching and presenting disciplinary content
and concepts, which, in addition to serving as tools to support teaching practices,
also provide a basis for students to acquire knowledge and information.

Therefore, based on the relevance of addressing the topic of biofuels in the
classroom to promote argumentative and autonomous thinking as well as
students' sustainable awareness regarding environmental issues, this article aims
to analyze how this topic circulates in Natural Sciences and Technology textbooks
for High School selected by the 2021 PNLD.

BRIEF HISTORY OF TEXTBOOKS

The history of textbooks (LDs) in Brazil dates back to the 1830s, when, under
the influence of French liberalism, the Pedro Il School was established in Rio de
Janeiro, serving only privileged classes. In this context, drawing on European
education as a reference, schools used instructional manuals in French or
translated into Portuguese that were imported to Brazil (Silva, 2012).

Following the Francisco Campos Reform of 1931, textbooks underwent some
changes. The main modification concerned the presentation of the books, with
most becoming serialized textbooks based on the official program of the Reform.
In 1942, the Capanema Reform introduced changes to the content of certain
topics. These books were published, maintaining the inclusion of exercises and
questionnaires at the end of the chapters (Mortimer, 1988).

Enacted in 1961, the Law of Guidelines and Bases of National Education
(LDB) remained in effect until 1970, a period characterized by heterogeneity in
textbooks due to the absence of legislation and guidelines to organize the
programs for each subject (Mortimer, 1988). In response to numerous criticisms
of the textbook distribution processes, the National Textbook Program (PNLD)
was created in 1985 through Decree No. 91.542 of 08/19/85 (Schirmer &
Sauerwein, 2017). Since then, a call for submissions has been issued every three
years, inviting publishers to submit collections for evaluation by Ministry of
Education committees.

Currently, the PNLD 2021 call for the new High School curriculum is in effect,
dividing the program into different categories (object). The first object features
works involving Life Projects and Integrative Projects, while the second object
includes works organized by knowledge areas rather than subjects, based on the
organization of the National Common Curricular Base (BNCC): Mathematics and
its Technologies, Human and Social Sciences, Natural Sciences and its
Technologies, and Languages and their Technologies, with six volumes for each
area (Brasil, 2021).
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The tumultuous history of the construction of the BNCC involved numerous
episodes in which legitimacy was sought through mechanisms such as formal
consultations with segments of the educational field. However, it is important to
consider that each school has its own particularities, and it is subjective to think
of competencies and a common curriculum for all schools across the country.
Furthermore, it is crucial to emphasize that the construction of this Base should
be ongoing, and it is up to education researchers to critically question and debate
the processes of producing and implementing the document (Franco & Munford,
2018; Silva, 2018).

The BNCC in the area of Natural Sciences and its Technologies addresses
environmental aspects that can be worked on in the classroom to encourage
individual and collective actions that minimize socio-environmental impacts at
local, regional, and global levels. In this way, the topic of biofuels is a relevant
theme, capable of helping students understand some of the natural and
renewable resources that can be used as energy sources in the energy matrix to
reduce environmental damage.

BIOFUELS FROM AN ENVIRONMENTAL PERSPECTIVE

The inclusion of biofuels in the global energy matrix is of utmost importance,
as is its approach in the school context. Some studies in the literature have
developed this theme in different contexts from an environmental perspective.

Melo, Bara, Fernandes, Vieira, and Freitas-Reis (2021) propose a didactic
sequence involving the sugarcane cycle for third-year high school students to
improve their understanding of the chemistry behind sugar production and
ethanol. As a result, the authors observed both the importance of addressing
chemical concepts in a contextualized manner, bringing students closer to their
everyday lives, and the need to use different methodologies and strategies that
spark students' interest.

From the development of the project “Biogas — Renewable Energy for the
Future,” an investigation was carried out in which students recognized biogas as a
viable energy source from economic, social, and environmental perspectives.
They also grasped conceptual and procedural scientific content and the
importance of experimentation in scientific activities (Souza & Martins, 2011).

Pereira, Marciniuk, Pricinotto, Crespan, and Soares (2021), through the
Science, Technology, Society, and Environment (CTSA) perspective, developed a
didactic proposal using the three pedagogical moments (initial problematization,
knowledge organization, and knowledge application) and addressed problem-
solving situations about biodiesel for third-grade high school students,
encouraging them to reflect and solve problems critically, as citizens in a
democratic society.

Martins, Auth, Epoglou, Tavares, and Silva (2015) investigated the use of
different interdisciplinary didactic activities based on a problem-solving situation
centered on the theme “fossil fuel vs. biofuel.” Among the didactic activities used
were discussions, questionnaires, reports, and a simulated jury, which allowed
students to establish a connection between scientific knowledge and cultural and
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Bizerra, Queiroz, and Coutinho (2018) conducted an activity with high school
students by dividing the class into two groups: one responsible for researching
fossil fuels and the other for researching biofuels. Later, a debate was held, and
the research findings were presented. Through this activity, students were able
to research and develop their own conceptions about the theme “The
environmental impact of fossil fuels and biofuels.”

Based on this brief account, we can conclude that there are different
approaches, strategies, and methodologies available for addressing the topic of
biofuels in the school context. Moreover, in most of the studies, activities related
to the theme piqued students' interest and contextualized chemical concepts,
bringing them closer to everyday situations, fostering critical thinking, and
empowering them to act as citizens. We also observed that none of these studies
investigated the topic in textbooks, thus highlighting the relevance of the present
research.

METHODOLOGY

This research is qualitative and documentary in nature, as it involves the
analysis of textbooks. Our sample consisted of seven collections of high school
textbooks in Natural Sciences and its Technologies, which were approved by
PNLD 2021: Ser Protagonista (LD1), Moderna Plus (LD2), Matéria Energia e Vida
(LD3), Didlogo (LD4), Multiversos (LD5), Conexdes (LD6), and Ciéncias da Natureza
Lopes & Rosso (LD7).

To understand how the theme of biofuels circulates in the Natural Sciences
and its Technologies textbooks from PNLD 2021, we used the Content Analysis
(CA) method based on the principles of Bardin (2011). According to the author,
CAis defined as:

A set of communication analysis techniques aimed at obtaining, through
systematic and objective procedures for describing message content, indicators
(whether quantitative or not) that allow the inference of knowledge related to
the conditions of production/reception (inferred variables) of these messages.
(Bardin, 2011, p. 46).

Bardin’s (2011) organization of CA involves three stages: 1) pre-analysis; 2)
material exploration; and 3) treatment of results, inference, and interpretation.
Based on this methodology, it is possible to collect data from an investigative
guestion about a particular material and then analyze what was collected, not
only regarding what is explicitly stated but also concerning what is implicitly
communicated in the message.

It is important to note that in this study, we established a priori category:
Competencies and Skills of the BNCC. After reading the corpus, during material
exploration, we defined certain chapters of the textbooks as context units and
identified two additional categories of analysis: Form of Thematic Approach and
Didactic Resources Used. Furthermore, subcategories emerged following the
exploration of the textbooks. Table 1 presents a systematization of these ideas.
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Table 1

Categories and Subcategories of Analysis

Categories Subcategories Units of
Analysis
Subcategory 1.1 — Biodiesel: A renewable 14
alternative to the use of fossil fuels
Subcategory 1.2 — Production and use of 10
ethanol biofuel in Brazil
Subcategory 1.3 — Biogas: An alternative to 5
Category 1-Form of fossil fuels: conditions of production and
Thematic Approach advantages
Subcategory 1.4 — Biofuels: Biomass as an 12
energy source from a general perspective
Subcategory 2.1 — Schemes and images 12
Subcategory 2.2 — Activities and research 12
questions
Category 2 — Didactic Subcategory 2.3 — Use of scientific 3
Resources dissemination texts
Subcategory 3.1 — Analysis of the 5
competencies and skills of the BNCC in LD2
Category 3 — Competencies Subcategory 3.2 — Analysis of the 6
and Skills of the BNCC competencies and skills of the BNCC in LD7

Source: The authors (2022).

In Category 3, LD2 and LD7 were selected for analysis because, during the
research, we observed that these books offered the most comprehensive
approach to biofuels. Additionally, this selection is justified by the detailed
analysis that this category required, allowing for a deeper discussion of the data.
Therefore, this category consists of two subcategories of analysis, one for each
book.

RESULTS AND DISCUSSIONS

ANALYSIS OF CATEGORY 1: FORM OF THEMATIC APPROACH

Category 1 focuses on the thematic approach involving the content on
biofuels found in the Natural Sciences and its Technologies textbooks, and all the
textbooks analyzed fall into this category. As previously described, this category
consists of four subcategories of analysis, which we will discuss below, presenting
some examples of the units of analysis found in the textbooks.

Subcategory 1.1 — Biodiesel: A Renewable Alternative to Fossil Fuels

In this subcategory, we found aspects related to biodiesel in four textbooks,
totaling 14 units of analysis: (LD1=2, LD2=2, LD4=6, LD7=4).
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As we can see, not all textbooks addressed biodiesel, which we consider a
drawback since biodiesel is widely discussed and disseminated in mass media
today. It is an extremely important biofuel due to its environmental and
economic advantages. Currently, a 10% biodiesel blend with diesel is mandatory
in the fuel sold in the country (Brasil, 2021).

Some of the analysis units found in the textbooks present biodiesel as an
alternative to fossil fuels due to environmental concerns:

Biodiesel has become an alternative to petroleum diesel in recent decades. It has
similar properties to diesel, but it is biodegradable and sulfur-free. These
characteristics make this fuel highly relevant for pollution control. (LD1, p. 152).

According to studies, the use of biodiesel reduces carbon dioxide emissions by
up to approximately 78% compared to diesel. This occurs because during its
production, the oil-producing plants capture and consume the CO, emitted by
the combustion of this fuel, reducing the accumulation of this gas in the
atmosphere. Thus, the use of organic biomass does not alter the carbon cycle, as
observed with the use of fossil fuels. (LD4, p. 99).

As mentioned earlier, biodiesel is a fuel derived from biomass, renewable
and biodegradable. Since it is obtained from renewable sources, it has a neutral
carbon cycle, reducing carbon dioxide (CO,) emissions, which is the main cause of
the greenhouse effect. This is because all the CO, released into the atmosphere
from burning this biofuel is reabsorbed during photosynthesis by the plants used
as raw materials. This important fact about biodiesel should be addressed in
textbooks, as it helps students understand why biodiesel emits fewer pollutants
compared to diesel. However, only LD4 referred to this neutral carbon cycle.

Moreover, there are other aspects related to biodiesel and petroleum diesel
that could be explored but were not found in the analyzed textbooks, such as the
structural differences between them. Biodiesel is a mixture of fatty acid esters
with short-chain monohydric alcohols, while diesel oil consists of hydrocarbons
with chains of up to 28 carbon atoms, containing low concentrations of sulfur,
oxygen, and nitrogen atoms. Furthermore, only LD7 highlighted the mandatory
addition of a percentage of biodiesel to commercial diesel oil.

Some of the analysis units also address biodiesel production:

While Brazilian bioethanol is based on a single raw material, sugarcane, biodiesel
uses various oilseeds for its production: palm oil in Para, castor beans in the
semi-arid Northeast, and soybeans in the Midwest and South. Other alternatives
include cotton, babassu, sunflower, peanuts, canola, palm, and jatropha, as well
as animal fats (beef, pork, and poultry). (LD2, p. 141).

Transesterification is the reaction between an ester and an alcohol, leading to
the formation of a new ester and a new alcohol. In the case of biodiesel
synthesis, a vegetable oil is treated with a short-chain alcohol, usually methanol
or ethanol. The resulting products are methyl or ethyl esters of the fatty acids
present in the original material, along with glycerol (glycerin). (LD7, pp. 106-107).

Regarding  biodiesel production, some textbooks discuss the
transesterification reactions of fatty acids for biodiesel synthesis in a very
superficial way. However, LD7 explains this process in more detail than the other
textbooks and also presents the advantages of using biodiesel in diesel engines,

which is relevant since simply mentioning the transesterification reaction without
Page | 8

ACTIO, Curitiba, v. 9, n. 2, p. 1-24, may/aug. 2024.



ACTIO

Docéncia em Ciéncias

Page | 9

explaining how it works and its benefits may confuse students. This is particularly
important considering that, depending on the year of high school in which the
topic is discussed, organic reactions may not yet have been covered. We also
highlight that LD7 mentions the possibility of producing biodiesel from residual
materials. According to Oliveira, Mota, Oliveira, and Sampaio (2017):

Many alternative energy sources are wasted, such as cooking oil, which is
discarded and pollutes the environment. Each liter of oil dumped into urban
sewage has the potential to pollute about a million liters of water, which is
approximately the amount a person consumes over 14 years of life. (2017, p.
914).

Thus, by learning about the possibility of producing biodiesel from residual
oil, students can understand one of the pillars of Sustainability, the reuse, a
process that reduces the environmental impacts caused by improper disposal of
cooking oils and allows for cost reduction. Two of the analyzed textbooks also
contain excerpts on the historical aspects of biodiesel use:

Another fuel that can be obtained from biomass is biodiesel. The history of
biodiesel began with the creation of diesel engines in the late 19th century,
designed by the German Rudolf Diesel (1858-1913) to run on vegetable or animal
oils. (LD2, p. 141).

In 1900, in France, during the Universal Exposition in Paris, an event created to
showcase new technologies, German engineer Rudolf Diesel (1858-1913)
presented a prototype engine that ran on peanut oil. He believed this technology
could aid agricultural development in countries, and the use of vegetable oils (or
animal fat, substances from the triacylglycerol class) could become as important
as petroleum. [...] Many scientists developed and tested various methods, but
none achieved significant results until the transesterification reaction was
employed to produce biodiesel in the mid-1930s. (LD7, p. 106).

Introducing historical context into science teaching is important because
historical events can contribute to a better reflection on the construction of
scientific knowledge. Generally, science is presented in schools only as content,
concepts, and formulas for students to memorize. However, by integrating
historical aspects of science into lessons, content can be contextualized and
approached in a reflective way, giving meaning to science learning and enabling
greater interaction and participation in discussions.

Finally, in analyzing this subcategory, we noticed that among the textbooks
where the topic was found, different approaches were identified, with some
being more superficial and others more in-depth. However, none of the
textbooks referred to the economic and social advantages of using biodiesel.
According to Guarieiro, Vasconcellos, and Solci (2011, cited by Pereira et al.,
2021, p. 34116), the use of biodiesel blended with diesel can be considered both
an economic strategy, as it can reduce diesel imports, and a social one, as it
contributes to keeping people in rural areas. The inclusion of this energy matrix
can generate employment and income in rural areas, given that the policy used
to encourage biodiesel production in Brazil requires that part of its production
comes from oilseeds sourced from family farming.
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Subcategory 1.2 — Production and Use of Biofuel Ethanol in Brazil Subcategory

In this subcategory, we address aspects related to ethanol that appeared in
four textbooks, comprising ten units of analysis: (LD1=3, LD2=2, LD5=1, LD7=4).

Similar to the biodiesel analysis, not all textbooks covered ethanol, which
was even more surprising considering the high production and use of this biofuel
in Brazil, as some textbooks themselves point out:

Brazilian bioethanol fuels much of the national fleet of light vehicles and stands
out compared to ethanol produced in the rest of the world due to its high
productivity and relatively low cost. Brazil’s 2018/2019 sugarcane crop of 620.4
million tons, according to the National Supply Company (CONAB), produced
33.14 billion liters of ethanol. (LD2, p. 141).

Currently, Brazil is the second-largest producer of ethanol in the world. The
United States ranks first, where corn is the primary source, yielding a smaller
volume of ethanol per cultivated area. (LD7, p. 102).

Several important aspects related to ethanol that could be explored in the
classroom were not covered in the textbooks, such as: the historical aspects of
ethanol use as a fuel and the implementation of the Proalcool program,
considering the importance of integrating the history of science into the school
context; the production of second-generation ethanol, which has been the focus
of numerous studies and is produced from the controlled fermentation of various
sources of plant biomass, including the waste discarded in the first-generation
ethanol production process.

The textbooks also did not address the environmental advantages of ethanol
considering the differences between its combustion and that of gasoline.
Gasoline is a mixture of substances extracted from petroleum, whose combustion
produces a range of harmful gases, including carbon dioxide, carbon monoxide,
and water vapor. Ethanol, being less complex and composed mainly of ethanol
and water, releases only carbon dioxide, a smaller amount of carbon monoxide,
and water vapor when burned.

Among the ethanol-related topics covered in the textbooks are aspects
concerning its production, such as these excerpts from the analysis units:

Among the most well-known alcohols is ethanol, used as fuel. In Brazil, ethanol is
mainly obtained from the fermentation of sugars present in sugarcane. It can
also be derived from corn, beets, potatoes, and other sources. (LD1, p. 153).

In the industry, sugarcane undergoes washing, crushing, and milling processes to
obtain cane juice, which is then filtered to separate it from residues [...] (LD7, p.
102).

Again, similar to the Subcategory 1 analysis, some textbooks present ethanol
production in a more general and simplistic manner, while LD7 explains the
industrial process more thoroughly. This detailed explanation is important for
connecting chemical knowledge to real-life situations experienced by students,
helping them understand the relevance of the content learned and its application
in different everyday scenarios.

Moreover, a positive point is that two of the textbooks (LD1 and LD7)
highlighted the difference between anhydrous ethanol and hydrated ethanol,
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another piece of knowledge that can be related to students' daily lives, as it
represents the two forms in which ethanol is used as fuel in engines.

1.3 — Biogas: An Alternative to Fossil Fuels — Conditions of Production and
Advantages

Regarding Subcategory 1.3, which corresponds to the characteristics of
biogas, we identified five units of analysis in two textbooks: (LD2=4, LD5=1).
According to Souza and Martins (2011), it is important to cover the topic of
biogas because:

[...] this biofuel is not widely publicized in the media, despite the many favorable
points for its use, among which we can highlight: the ease of obtaining raw
materials (especially animal manure); the reuse of organic waste; the reduction
of greenhouse gas emissions; the production of biofertilizer as a byproduct; and
the low-cost generation of thermal and electrical energy. (2011, p. 20-21).

As stated in the excerpt, biogas is not widely publicized in various
information channels, which is confirmed by the fact that, among the biofuels
analyzed in the previous subcategories, biogas was the least frequently
mentioned, appearing in only two of the textbooks.

Biogas is a renewable energy source that offers numerous advantages,
including: the generation of electrical and thermal energy; the variety of raw
materials that can be used in its production; the potential to create products like
fertilizers; its viability as an alternative to fossil fuels, including liquefied
petroleum gas (LPG); and its ability to be produced by transforming organic waste
into energy, providing new uses for landfills and reducing urban waste-related
issues. However, only two units of analysis addressing these issues were found in
the textbooks reviewed.

In addition to presenting the advantages of biogas, LD2 also discussed some
disadvantages, which is important to provide students with a broader
perspective. Understanding both the positive and negative aspects of this biofuel
enables students to reflect, analyze, and form critical opinions that can later be
used in societal discussions and decision-making:

There are some drawbacks that need to be considered regarding biogas,
including: the risk of explosions in the biodigester; contamination of soil and
groundwater in areas where biodigesters are installed due to the disposal of
residual water; and the leakage of toxic gases, such as hydrogen sulfide.
However, these drawbacks can be managed. (LD2, p. 142).

Both textbooks covered the process of biogas production, as exemplified by
the following excerpt:

Biogas is a gaseous mixture produced by the decomposition of organic matter.
Many countries have used biogas for electricity generation due to its energy
efficiency and environmental benefits associated with the reuse of organic
waste, such as fruit peels and food scraps, and wastewater treatment residues,
such as sewage sludge. (LD5, p. 31).

The discussions involving biogas production in the textbooks are coherent
and offer opportunities for classroom activities and experiments simulating
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biofuel production, considering all the steps involved in the anaerobic digestion
process.

Despite the limited presence of biogas in only two textbooks, both effectively
explain certain aspects of its production. However, they lack detail regarding the
various stages of the process, such as hydrolysis, acidogenesis, acetogenesis, and
methanogenesis, which would have clarified the biodigestion process further. An
environmental aspect related to biogas use that was not covered in any of the
books is the combustion of biogas. While this combustion does contribute to
global warming through CO, emissions, it also consumes methane gas, which has
a much more severe impact on the greenhouse effect. By converting methane
into energy, biogas combustion prevents its direct release into the atmosphere
during organic matter decomposition. A positive aspect found in LD2 is its
correlation of the advantages and disadvantages of biogas usage beyond merely
defining and explaining its production.

Subcategory 1.4 — Biofuels: Biomass as an Energy Source from a General
Perspective

Subcategory 1.4 refers to the units of analysis in the textbooks (LDs) that
focus on biofuels in general rather than on a specific biofuel. In this subcategory,
we identified 12 units of analysis across five different textbooks: (LD2=1, LD3=1,
LD5=4, LD6=3, LD7=3). Within this subcategory, we found several excerpts
addressing the use of biomass as an energy source, as illustrated by the following
examples:

Humans began using biomass as an energy source thousands of years ago with
the discovery of fire, a source of heat and light. Biomass consists of organic
material, either animal or plant in origin, present in a given area at a specific
time. (LD2, p. 141).

Among the advantages of using biomass as an energy source is the reuse of
waste from agricultural activities, such as harvest residues or tree cuttings.
Additionally, its use emits fewer polluting gases compared to those emitted by
fossil fuels. Another advantage is that it does not depend on climatic conditions.
(LD5, p. 23).

Biomass is any organic matter of plant or animal origin that can be used for
energy production. Through the process of photosynthesis, plants absorb carbon
dioxide and water, using the energy captured from solar radiation, and
metabolize them to produce the substances that make up plants. Photosynthesis
releases oxygen into the atmosphere, and some of that oxygen is consumed in
the respiration process, forming glucose molecules that serve as the basis for
organic molecules such as carbohydrates, among other substances present in
plants.

One way to harness biomass for human activities and in nature is through its
transformation into energy. There are countless raw materials that can be used
as biomass for energy production, and numerous biofuels can be derived from it,
such as biodiesel, ethanol, biogas, charcoal, synthetic biogas, and bio-oil. Biomass
is a renewable and efficient energy source, with its main advantage being its
carbon balance. The combustion of biofuels produced from biomass releases the
CO, that was already in the atmosphere and absorbed by plant sources, while
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fossil fuels release CO, that has been fossilized for thousands of years. Regarding
biofuels derived from biomass that can be used as alternatives to fossil fuels, the
textbooks state:

Biofuels are derived from biomass and used as an alternative to fossil fuels in
energy production processes, whether in combustion engines or power plants.
According to the International Energy Agency (IEA), global biofuel production in
2018 was 154 million liters, which corresponds to about 1/10 of the world’s
energy supply. (LD7, p. 101).

When compared to other energy sources, biofuels emit fewer pollutants, in
addition to allowing the reuse of their byproducts and increasing job creation in
rural areas. (LD6, p. 139).

As we have mentioned, biofuels are advantageous compared to fossil fuels
because they emit fewer greenhouse gases and, as noted in LD6, they also allow
for the reuse of byproducts and boost job creation in rural areas. However, the
global energy matrix is still largely composed of fossil fuels derived from
petroleum.

On the other hand, biofuels are expected to gain more ground in the global
energy landscape, aiming to improve the environment. Brazil’s energy matrix is
one of the “cleanest” in the world, with around 45% of the energy and 18% of the
fuels consumed in the country coming from renewable sources.

In addition to the numerous and significant advantages of biofuels over fossil
fuels, two of the textbooks (LD6 and LD7) also discuss some disadvantages, which
is relevant for students to develop critical thinking and argumentative skills by
understanding different perspectives:

However, their use also presents disadvantages: for example, the processing of
sugarcane generates waste that can harm the environment if dumped into
rivers. There is also the issue, mentioned earlier in this volume, of replacing
areas that would naturally be occupied by complex biological communities with
monocultures. In the case of biodiesel, planting different species for its
production can deplete the soil and raise the price of food products. (LD6, p.
139).

Overall, the textbooks provide an adequate approach to biofuels and
biomass as their raw material, as well as to the advantages and disadvantages of
their use. However, it is worth noting that the textbooks show a lack of
information about the use of biohydrogen and hydrogen as fuels. The former is
produced from biological processes in organic waste, and the latter through the
electrolysis of water—a cheap and easily obtainable raw material—where its
combustion produces water again. Additionally, hydrogen is a non-polluting,
renewable, and inexhaustible source, and it is considered by some scientists as
the "fuel of the future" (Santos & Mdl, 2016).

ANALYSIS OF CATEGORY 2: EDUCATIONAL RESOURCES

Category 2 refers to the educational resources used in Natural Sciences and
their Technologies textbooks (LDs) to address the topic of biofuels. This category
is divided into three subcategories, all of which emerged after analyzing the
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material. Below, we discuss each of them, with examples of units of analysis
taken from the textbooks.
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Subcategory 2.1 — Schemes and Images

In this subcategory, we found schemes and images in the research
conducted on six textbooks, totaling 12 units of analysis: (LD1=1, LD3=1, LD4=1,
LD5=2, LD6=1, LD7=6). Among these units of analysis, two are tables, five are
figures, three are graphs or infographics, as well as one structural formula and
one reaction scheme. Below are some examples of images that constitute the
analysis units of this subcategory.

Figure 1

Comparison between gasoline and etanol

COMPARISON BETWEEN GASOLINE AND ETHANOL
Fuel Calorific Complete Combustion Fuel/Air Average
Value Reaction (ideal and Mixture' Efficiency
(keal/kg) simplified) Compared?
Gasoline non- 10,400 C:H1s+12.50,—>8C0,+9H,0 15 1
renewable
Ethanol renewable 6,750 C;H;0+30,—22C0,+3H.0 9 0,7

(1) Considering the stoichiometric proportion of the oxygen + nitrogen mixture.

(2) Considering gasoline as a parameter, there are sources that indicate the average
efficiency of ethanol as slightly higher than 0.7.

Source: LD1 (2020, p. 153).

We emphasize that all the images presented in the analyzed textbooks are
relevant and can contribute to the teaching and learning process. The first unit of
analysis (Figure 1), for example, consists of a table comparing the calorific value
of gasoline and ethanol. The calorific value corresponds to the amount of energy
released by the complete combustion of a unit of mass of a given fuel, under
constant pressure and temperature. Knowing the calorific value of different fuels
is of utmost importance, as it brings students closer to real and tangible
situations from their daily lives, making it easier to connect chemical concepts
with everyday life. Furthermore, analyzing calorific value provides an
understanding of both the energy potential and the economic viability of using
certain fuels on a large scale.

The use of images in education, whether they are illustrations, tables,
diagrams, infographics, photographs, charts, graphs, or cartoons, is fundamental
because it helps students in the process of making sense of the content learned
and formulating scientific ideas by bridging and associating verbal and visual
reading through visualization. Additionally, images, schemes, or visual
representations, in general, are effective educational resources to stimulate
students' interest in the content.

According to Marandino (2014, as cited in Zama, 2018, p. 18), the use of
images that require interpretation, such as graphs and other illustrations, aims to
assist in the understanding of scientific concepts, ideas, and processes. Therefore,
we also find that, in addition to the positive aspects mentioned, the use of these
visual resources has the potential to promote students' practice of interpreting
and understanding phenomena.
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Subcategory 2.2 — Activities and Research Questions

Subcategory 2.2 corresponds to the presence of activities and exercises in
the analyzed textbooks that address the topic of biofuels or involve research-
related questions. In this subcategory, we identified 12 units of analysis (LD1=2,
LD2=2, LD3=2, LD4=2, LD5=1, LD6=2, LD7=1), as exemplified in Figures 2 and 3.

Figure 2
ENEM Activity

5. (Enem) Federal Law no. 11,097/2005 establishes the introduction of biodiesel into
the Brazilian energy matrix and sets at 5%, by volume, the mandatory minimum
percentage to be added to diesel oil sold to consumers. According to this law, biodiesel
is "derived from renewable biomass to be used in internal combustion engines with
compression ignition or, as regulated, for the generation of another type of energy,
which may partially or fully replace fossil fuel-based fuels."

The introduction of biofuels into the Brazilian energy matrix

a) contributes to reducing the effects of global environmental degradation caused by
the use of fossil fuels, such as petroleum derivatives.

b) causes a 5% reduction in the quantity of carbon dioxide emitted by motor vehicles,
helping to control deforestation.

c) encourages the Brazilian economic sector to adapt to the use of a renewable energy
source derived from renewable biomass.

d) points to the possibility of expanding the use of biofuels, fixed at 5%, in the
consumption of petroleum derivatives.

e) diversifies the use of alternative energy sources that reduce the impacts of ethanol
production from sugarcane monoculture.

Source: LD2 (2020, p. 142).

Figure 3

Research activity on renewable energy sources

Get together with three classmates and conduct research on other renewable energy
sources used in Brazil. Identify the advantages and disadvantages of using this
alternative compared to fossil fuel sources. Based on this research, produce a podcast
to be shared with other classes at school, as well as with your family and friends.

Source: LD4 (2020, p. 99).

The units found under Subcategory 2.2 generally encompass different types
of activities, ranging from exam or ENEM questions to case studies, practical
activities, or research projects with subsequent presentations, discussions, or
podcast production. Among the units of analysis presented as examples in this
section, Figure 2 is an activity at the end of a chapter in LD2, serving as a review
exercise. It features an ENEM question about the introduction of biofuels into
Brazil's energy matrix. Figure 3 shows a group research activity on renewable
energy sources used in Brazil, as well as the advantages and disadvantages of
their use compared to fossil fuels. This activity proposes the creation of a podcast
to present the research findings, with the goal of being used as a scientific
outreach tool for the school, family, and friends.

In addition to these two activities, other textbooks also include activities
involving scientific research, which is very positive, considering that research in
the classroom is a great ally in the teaching and learning process. It contributes to
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the development of investigative skills, as well as the ability to inquire, reflect,
and argue, fostering students' critical awareness.

We observe that research encourages students to participate in discussions
within the school environment, which can be about social, scientific,
environmental, or economic issues. Moreover, research enables students to solve
problems and transform their reality through curiosity, reflection, reasoning, and
the knowledge acquired in the classroom. All these aspects contribute to the
critical-citizen formation of students and the construction of the idea of science
as something in constant development, which takes place within social, historical,
political, and economic contexts, highlighting the importance and necessity of
scientific knowledge.

Subcategory 2.3 — Use of Popular Science Texts

Regarding Subcategory 2.3, we selected units of analysis related to the use of
popular science texts (PST) as a teaching resource in the textbooks, totaling three
units of analysis: (LD1=2, LD4=1). In Figure 4, we present an example of an
analysis unit from this subcategory.

Figure 4

Electric car: its history is as old as the automobile itself

O petréles matou o carro elétrico?

O carre a combustéo ¢ o elétrico

Source: LD1 (2020, p. 154).

The analysis unit presented (Figure 4) corresponds to a text taken from the
UOL website found in LD1. This text narrates the history of the emergence of the
electric car and makes comparisons between combustion-powered and electric
cars. The article highlights that the large-scale emergence of oil in the United
States in the 1920s made gasoline cheaper and the electric car less attractive for
a period of time, emphasizing that today, electric cars are making a comeback. In
summary, this text relates historical aspects of the use of electric and
combustion-powered cars, bringing relevant information and curiosities on the
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topic and the subjects studied, which contribute to the students' learning
process.

We consider it a negative aspect that only a few TDCs related to the topic in
qguestion are found in the Natural Sciences textbooks (only three), as the use of
these texts in the school context guarantees students access to relevant
information, the development of discussions on current issues in the classroom,
and the possibility of contextualizing the concepts and content studied.
According to Silva, Ferreira, Silva, and Queiroz (2020, p. 246), "pointed out as a
good device when it is desired to extend content teaching to the preparation of
students for citizenship, the use of TDCs is configured as a strategy that aligns the
discourse of scientific dissemination with the promotion of reading habits in
students." We consider that, in addition to being a means of information, the
presence of TDCs in textbooks or in the classroom, in general, helps develop
reading and argumentation skills, as well as learning concepts and familiarizing
students with scientific terms.

ANALYSIS OF CATEGORY 3: BNCC COMPETENCIES AND SKILLS

In Category 3, we analyzed whether the BNCC competencies and skills that
the LDs mention as being present in topics related to biofuels are consistent with
the content, approaches, and teaching resources they present. Subsequently, we
discuss the two subcategories, relating them to the BNCC competencies and skills
that were configured as analysis units in this category.

Subcategory 3.1 — Analysis of BNCC Competencies and Skills in LD2 Subcategory

When exploring the specific guidelines presented in LD2, we found that the
skills related to the topic "Biomass Energy" in Chapter 11 — Energy Today and
Tomorrow were EM13CNT101, EM13CNT307, EM13CNT310, EM13LGG303, and
EM13LGG304, constituting five analysis units, some of which are discussed
below. Skill EM13CNT101 corresponds to:

Analyze and represent, with or without the use of devices and specific digital
applications, transformations and conservations in systems involving the
quantity of matter, energy, and motion to make predictions about their behavior
in everyday situations and in productive processes that prioritize sustainable
development, the conscious use of natural resources, and the preservation of life
in all its forms. (Brasil, 2018, p. 555).

We consider that LD2 adequately addressed Skill EM13CNT101 by
representing and demonstrating the possible natural resources that can be used
in energy transformation processes. In this case, biomass was presented as a
source for producing bioethanol, biodiesel, and biogas, considering that its use as
an alternative to fossil fuels is linked to sustainable development. Thus, through
this approach, students can analyze aspects related to the use of biomass and
these energy transformation processes, prioritizing sustainable choices in
everyday situations.

The authors indicate that Skills EM13LGG303 and EM13LGG304 were

| developed in the group activity on page 141, which consists of research on the
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contributions of Brazilian science to current technological advances aimed at
reducing the use of non-renewable energy and increasing the utilization of
alternative sources. The skills cited, respectively, address:

Debate controversial issues of social relevance, analyzing different arguments
and opinions, to formulate, negotiate, and sustain positions in light of the
analysis of different perspectives. (Brasil, 2018, p. 493).

Formulate proposals, intervene, and make decisions that take into account the
common good and Human Rights, socio-environmental awareness, and
responsible consumption at local, regional, and global levels. (Brasil, 2018, p.
493).

We consider that these skills are partially favored according to the research
activity already mentioned. Although it presents a socially relevant issue related
to socio-environmental awareness, it merely proposes that students conduct the
research and then communicate their results, without encouraging them to
debate, formulate arguments, make proposals, and intervene by making
decisions. Thus, we believe that the statement could be reformulated to make
the possibilities of argumentation and debate explicit.

In this way, we conclude that LD2 presents pertinent approaches and
teaching resources, being partially adequate to the BNCC skills, given the gaps
mentioned.

3.2 — Analysis of BNCC Competencies and Skills in LD7

According to the specific guidelines by unit presented at the beginning of LD7
for Theme 2 — Renewable, Recyclable, and Biodegradable Materials of Unit 2, we
found that the competencies presented are mostly aimed at teachers conducting
research activities and discussions on the topics covered in this Unit. Therefore,
we lack data to discuss the adequacy of these competencies, as they involve
open-ended activities to be developed at the teacher's discretion. Thus, this
subcategory only considers Skills EM13CNT101, EM13CNT104, EM13CNT203,
EM13CNT301, EM13CNT307, and EM13CNT309, totaling six analysis units. For
example, Skill EM13CNT104 and Skill EM13CNT203 address, respectively:

Evaluate the benefits and risks to health and the environment, considering the
composition, toxicity, and reactivity of different materials and products, as well
as the level of exposure to them, critically positioning oneself and proposing
individual and/or collective solutions for their responsible use and disposal.
(Brasil, 2018, p. 555).

Evaluate and predict the effects of interventions in ecosystems, and their
impacts on living beings and the human body, based on life maintenance
mechanisms, matter cycles, and energy transformations and transfers, using
representations and simulations of such factors, with or without the use of
devices and digital applications (such as simulation software and virtual reality,
among others). (Brasil, 2018, p. 557).

Regarding these two skills, the authors highlight that their promotion was
addressed in the book by focusing on the reactions involved in obtaining biofuels,
relating their properties, applications, and possible environmental impacts with
their structures and intermolecular interactions, and comparing the macroscopic
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aspects of these materials with their structural models, physicochemical
properties, and reactivity. Both the reactions for obtaining biofuels and the
applications, structural characteristics, properties, and reactivity of these
compounds were identified in the book, but no connection was made between
these aspects and environmental impacts. Moreover, the book does not discuss
the impacts of fossil fuels compared to biofuels, which could enhance students'
ability to evaluate and compare, seeking individual and/or collective solutions to
these impacts, consciously intervening in ecosystems.

Skill EM13CNT301 involves:

Constructing questions, formulating hypotheses, predictions, and estimates,
using measurement instruments, and representing and interpreting explanatory
models, data, and/or experimental results to build, evaluate, and justify
conclusions in addressing problem situations from a scientific perspective.
(Brasil, 2018, p. 559).

In the specific guidelines by unit, the authors mention that this skill aligns
with Skill EM13CNT307 (cited in the previous subcategory), as both aim to relate
the properties of materials and their submicroscopic explanation to evaluate and
justify their use as sustainable energy sources. Although the book explores these
explanatory models, it does not encourage students to construct questions and
formulate hypotheses with a scientific perspective aimed at solving problem
situations. To support these skills, it would be ideal for LD7 to propose
educational resources that encourage scientific research and the formulation of
hypotheses and arguments to solve problem situations related to environmental,
social, and economic contexts in students' daily lives.

In light of this, we observed that LD7 broadly presents chemical content
related to biofuels, as well as the processes for their production, providing
diagrams and images to represent these processes. However, to further
strengthen the connection between this content and the BNCC skills, it lacks
more educational resources for research or scientific dissemination linked to
environmental, economic, and social contexts, in a way that fosters the critical
thinking and agency that the BNCC for High School strongly recommends. In this
regard, Silva (2018, p. 12) argues that:

The notion of competencies, incorporated as a device capable of producing
changes in the curricular organization of high school education with a view to
overcoming the limits of excessive disciplinarity and based on the accumulation
of information, proves limited by its pragmatic and ahistorical nature. It
reproduces, on different grounds, the limits imposed by the disciplinary and
sequential curriculum, as it does not allow the necessary inversion, that is, it
does not permit learning and the exercise of reflection with the depth that
cultural formation requires. (2018, p. 12).

Thus, we observe that in the analyzed units, the main focus of the skills is on
content, with limited application of this knowledge in everyday life.

FINAL CONSIDERATIONS

From the analysis conducted in this study, we were able to understand how
the topic of biofuels is addressed in the Natural Sciences and Technologies
Page | 20
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textbooks selected by the PNLD 2021, as well as identify which concepts are
related to this topic in the books. In general, the seven textbook collections
present different approaches, with some being more comprehensive and others
having certain limitations. Additionally, the textbooks relate the biofuel topic to
different content areas.

LD7 and LD2 were the books that provided the most comprehensive
approach to biofuels, though they used different content to address the topic.
While LD2 discusses biofuels in a chapter on energy sources, LD7 addresses the
topic in connection with Organic Chemistry content, structural properties,
intermolecular interactions, bonding models, and reactivity.

LD1 and LD4 also presented appropriate approaches, both associating the
biofuel topic with thermochemistry content; however, LD4 only covered
biodiesel, without addressing other biofuels. LD5 and LD6 developed the topic
more briefly and from an environmental perspective, in chapters related to
renewable energy sources and environmental impacts. LD3 was the book where
the biofuel topic was least present, being superficially mentioned in a chapter on
green chemistry.

This research also revealed that various educational resources are used to
address the biofuel topic in the textbooks, with diagrams, images, and research
activities and questions being the most employed. On the other hand, the use of
scientific dissemination texts, as well as suggestions for websites, films, and
books, was absent in most textbooks.

Regarding the alignment between the BNCC competencies and skills and the
approaches involving the biofuel topic in the analyzed textbooks (LD2 and LD7),
although they presented an adequate approach to the biofuel topic, they only
partially fulfilled the BNCC skills. While many of these competencies and skills
were observed in these two books, we also identified some limitations and gaps
in the practical development of this knowledge, in its relation to the students'
daily lives, and in fostering their critical and civic formation. It is worth noting that
the BNCC emphasizes the goal of directing Brazilian education towards
comprehensive human development and the construction of a just, democratic,
and inclusive society—issues that were not effectively encouraged in the
analyzed textbooks.
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