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Abstract: There is a growing trend toward the use of renewable sources to produce clean energy
and mitigate the effects of climate change. Second-generation lignocellulose biomasses, such as
agro-residues, comprise a potential energy source as a byproduct of agriculture. Ecuador has optimal
climate conditions that allow for the cultivation of different types of crops. This makes agriculture a
relevant economic activity in the country; however, the residues obtained from agriculture have not
been investigated for the establishment of a bioenergy industry. This study evaluated the potential of
three varieties of sugarcane bagasse, named PR 980, CC 85-92, and CB 40-59, for bioenergy production
in the Ecuadorian Andes. The bagasse was quantified by means of weighing, and then evaluated via
calorimetry and thermogravimetric analysis as well as proximal and elemental analysis. The results
showed that these materials met the criteria for direct combustion, exhibiting both a low nitrogen
content of 0.30± 0.12% and ash values of 6.20± 1.20%. Among the analyzed varieties, CB 40-69 stood
out as the most suitable for power generation within the cogeneration system; this was attributed to
its superior dry calorific value of 17.37 ± 1.45 MJ kg−1, greater presence of volatile materials, and
negligible ash content. Variety CB 40-69 (157.91 t ha−1) reported the highest biomass and bagasse
production (56.32 t ha−1). Analysis of the SCB structure concluded that the three varieties did not
differ significantly in their contents of lignin, hemicellulose, and cellulose, which is essential to
implementing an industrial process for bioethanol production.

Keywords: lignocellulose biomass; energy potential; thermogravimetric analysis; direct combus-
tion; bioethanol

1. Introduction

Competition between the energy and food industries for the utilization of first-
generation biomass has raised significant concerns regarding food security [1]. To address
this issue, various constraints have been introduced to discourage the use of first-generation
feedstocks for energy production. Conversely, second-generation biomass feedstocks are
characterized by their non-edible nature, encompassing waste biomass such as food left-
overs, used vegetable oils, and lignocellulosic materials, which renders them suitable for
energy generation. The research into the valorization of second-generation feedstocks
to produce biodiesel, bioethanol, and biogas has gained substantial attention in recent
years [2].

Ecuador boasts approximately 7.4 million hectares of cultivated land, and sugarcane
(SC), corn (C), rice (R), and banana (B) are the most significant crops in the country in
terms of area and production [3]. On the other hand, the use of agriculture residues as a
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bioenergy industry input is negligible. Currently, the only biomasses used as energy locally
are firewood, stalks, and branches, primarily through direct combustion for heating and
cooking. This practice is particularly prevalent in rural areas, constituting approximately
5.4% of the total primary energy supply (TPES) [4]. Among the crops cultivated in the
Andean region, SC stands as one of the most productive. It is a plant that corresponds to
the Saccharum genus belonging to the Poaceae family [5], and its bagasse residue can be
used for bioenergy.

The production of SC has been frequently related to tropical zones; however, the
crop is also grown in the Ecuadorian Andean zone up to 1000 m.a.s.l. Some of the most
productive types of SC in this zone are named PR 980 (Puerto Rico), CC 85-92 (Cenicaña
Colombia), and CB 40-69 (Campo Brazil) and have been cultivated in the northern part
of the country by the Northern Sugar Mill (IANCEM). The area that these three varieties
occupy fluctuates depending on the season. PR 980 has an area of 2373.6 ha, CC 85-92 an
area of 304.6 ha, and CB 40-69 an area of 644.2 ha [6]. In this zone, these varieties display
important traits in terms of morphology and sugar yields compared with the same varieties
cultivated in other countries. They also show longer and thicker stems, which derive from
obtaining greater quantities of sugarcane bagasse (SCB); this enhances the potential of
biomass to produce renewable energy.

The morphological features of these varieties have attracted new interest in the charac-
terization of SCB, as they could help explain the experimental profiles of biomass conversion
to bioenergy, as well as the way in which the yield and quality of the products are related
to the properties of the biomass [7]. To do this, thermogravimetry (TGA) can be performed;
this method is designed to find the proximal composition of the biomass in global terms as
moisture, volatile material, ash content, and fixed carbon [8]. TGA permits the estimation
of the amounts of cellulose, hemicellulose, and lignin, which is necessary to carry out the
thermochemical process [9]. Consequently, it is possible to assess whether the agro-residue
is suitable for different types of energy transformation.

In addition, the implementation of elemental analysis on SCB allows the composition
of a potential biomass fuel, such as carbon, hydrogen, sulfur, and nitrogen (C-H-S-N), to be
known. SCB is a well-known source of bioenergy production in cogeneration systems; it is
understood that it reduces pollution levels and contributes to energy savings. Conventional
thermoelectric plants convert only 33% of energy contained in the fuel into electrical energy,
while the remainder of it is wasted. Conversely, cogeneration systems convert an average
of 84% of the energy contained in the fuel into electrical power and heat for other processes
within the system (25–30% electrical and 59–54% thermal) [10]. The information obtained
from this analysis will allow the selection of residues with the best carbon–nitrogen ratio
(C/N) for the bio-digestion process to generate methane (CH4) that could be utilized for
power generation or direct combustion.

Similarly, SCB can be suitable for transformation into bioethanol by means of enzy-
matic hydrolysis depending on structural analysis, as it is a method that allows lignocel-
lulose to be broken down into fermentable sugars in a plant [11]. The main advantage of
enzymatic processes lies in the lack of by-product formation and the reduction in energy
demand in the process, as it does not require the use of high pressure or high tempera-
tures [12].

This study aims to evaluate the characteristics of different types of SCB residues
and determine whether there is potential for bioenergy in terms of optimal and suitable
technology for its transformation. The results might bring about a better understanding
of the value of agro-residues for farmers, investors, and decision makers, so that they can
implement a bioenergy system and replicate it throughout the country depending on the
availability of feedstock in each region.
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2. Materials and Methods
2.1. Study Area

The study was conducted in the sugarcane (SC) growing areas situated at Ingenio
Azucarero del Norte Compañía Mixta (IANCEM) in the Tababuela region of Imbabura
Province. The experiment’s coordinates are 00◦28′56′′ N and 78◦05′44′′ W, with an elevation
of 1520 m above sea level [6]. Figure 1 presents a geographical map illustrating the precise
location of the study area. The cultivation field was divided into nine plots, each with an
area of 25 m2. These plots were randomly delimited within the cultivation area for each
SC variety, considering the crop’s inherent heterogeneity [13]. It is important to note that
the samples were collected after a year and a half of growth, just before the plants were
harvested, in accordance with the typical cultivation time for SC.
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Figure 1. Base map of the Northern Sugar Mill’s geopositioning.

2.2. Plant Morphology

The entire plant covering was removed from the plots, and the biomass obtained from
it was measured and divided into two components: stems and leaves (without considering
any below-ground biomass). Ten plants were randomly selected in each plot, and the
average stem length and diameter were measured. For length, plants were measured from
the base to the natural break point, while for diameter, measurements were taken at the
closest internode to the root, at the intermediate internode, and at the last internode at the
top of the stem. Stem production (t ha−1) was estimated via weighing the total stems in
each plot. Leaf length and width (mm) were also quantified; length was measured from
the base to the top of the leaf, and width was measured at the base, in the middle, and
20 cm from the tip of the leaf. Finally, the total number of leaves per sugar cane plant
was counted.

2.3. Moisture Determination and Sample Preparation

The SCB was obtained through the extrusion of harvested SC biomass using a hy-
draulic press. Sampling followed the procedures described by Muñoz et al. (2016) [14].
Three 100 g samples were taken and analyzed for each type of SCB at the Environmental
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Research Laboratory (LABINAM) of Universidad Técnica del Norte (UTN). The samples
were dried at 105 ◦C in a Memmert oven until the biomass content reached a constant
weight. Subsequently, the dry material was ground to a particle size of at least 0.5 mm,
using a grinder.

2.4. Higher Heating Value

The higher heating value (HHV) was estimated for the SCB samples using the proce-
dure described in the ASTM D-5865 standard. In this method, 0.5 g of dry plant biomass
was weighed using a digital balance (Sartorius). Each sample was then combusted with an
excess of oxygen in a LECO AC 500 calorimetric pump for 8 min to determine the calorific
value in MJ kg−1.

2.5. Thermogravimetric and Proximal Analysis

The characterization of sugarcane bagasse (SCB) was conducted using the TGA
method. This methodology involved observing the loss of mass as the temperature in-
creased over a certain duration [15]. Three samples, each weighing 0.15 g, of various SCB
varieties were subjected to analysis using a TGA Analyzer (Mettler Toledo). During the
analysis, SCB underwent combustion under various temperature ranges. Hemicellulose
decomposition commenced between 200 and 400 ◦C, followed by cellulose decomposition
within the range from 300 to 410 ◦C. Finally, lignin decomposition occurred between 400
and 800 ◦C [7,8,16,17]. Two hours later, the equipment provided the biomass composition,
including humidity, volatile material, and fixed carbon. These data were recorded and
analyzed using the Origin lab 2015 program, which displayed combustion curves.

2.6. Elemental Analysis

The contents of carbon (C), hydrogen (H), sulfur (S), and nitrogen (N) in the biomass
of the three SCB varieties were analyzed according to the ASTM D8056-18 standard at the
Chemistry Laboratory of the Universidad Central del Ecuador (UCE). The estimation of
nitrogen was carried out through digestion using the Kjeldahl methodology, while sulfur
estimation was accomplished through oxidation and the turbidimeter method. Carbon and
hydrogen were determined through biomass combustion.

2.7. Statistical Analysis

The data were analyzed using an analysis of variance (ANOVA) adjusted for a com-
pletely randomized block design (CRBD) with the statistical software Infostat. Before
the analysis, the variables were assessed for normality and homoscedasticity using the
Shapiro–Wilk test and Levene’s test, respectively. Any data that did not meet these as-
sumptions were transformed using natural logarithm (ln) transformation. Subsequently,
Tukey’s test (α = 0.05) was conducted on variables that showed statistical significance in
the ANOVA to group them into homogeneous categories. If the variables still did not meet
the assumptions after transformation, we employed the Kruskal–Wallis test and conducted
a Dunn’s test (α = 0.05).

3. Results and Discussion
3.1. Morphology

The morphological characteristics showed statistically significant differences among
the evaluated varieties. CB 40-69 emerged as the tallest variety, boasting an average height
of 2.75 m and the broadest stem diameter in all sections (base, middle, and top) without
exception (measuring 38.81 mm, 37.05 mm, and 35.04 mm, respectively). This variety also
exhibited the longest leaves, irrespective of their location on the stem (1.32 m at the base
and 1.30 m at the middle/top). Additionally, CB 40-69 displayed an average leaf count of
36.6 per plant, which was statistically higher than the leaf production of other varieties.
However, it should be noted that CB 40-69 did not exhibit the widest leaves when the leaf
width was analyzed. In this regard, PR 980 reported the broadest leaves in both the middle
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and top sections of the plant, with measurements of 7.04 mm and 3.45 mm at the lower part
of the plant, 6.94 mm and 3.35 mm in the middle part, and 7.00 mm and 1.63 mm at the
highest part (Table 1).

Table 1. Morphological characteristics of the evaluated sugar cane varieties (means ± standard
deviation).

Characteristic
Variety

CB 40-69 (n = 30) CC 85-92 (n = 30) PR 980 (n = 30)

BL—base width (cm) * 3.70 ± 0.38 b 4.80 ± 0.12 a 3.89 ± 0.65 b

BL—medium width (cm) * 5.42 ± 0.51 b 4.49 ± 0.14 c 7.04 ± 0.66 a

BL—tip width (cm) ** 1.40 ± 0.80 c 2.39 ± 0.39 b 3.45 ± 1.69 a

BL—length width (m) 1.51 ± 0.20 a 1.20 ± 0.08 c 1.32 ± 0.09 b

ML—base width (cm) * 3.67 ± 0.44 b 4.81 ± 0.12 a 3.76 ± 0.79 b

ML—medium width (cm) * 5.46 ± 0.47 b 4.51 ± 0.22 c 6.94 ± 0.70 a

ML—tip width (cm) ** 1.39 ± 0.25 c 2.38 ± 0.43 b 3.35 ± 1.63 a

ML—length (m) 1.52 ± 0.20 a 1.19 ± 0.04 c 1.32 ± 0.08 b

HL—base width (cm) * 3.73 ± 0.40 b 4.78 ± 0.12 a 3.71 ± 0.66 b

HL—medium width (cm) 5.46 ± 0.42 b 4.53 ± 0.21 c 7.00 ± 0.73 a

HL—tip width (cm) 1.38 ± 0.16 c 2.38 ± 0.60 b 3.22 ± 1.51 a

HL—length (m) 1.51 ± 0.09 a 1.28 ± 0.29 b 1.30 ± 0.09 b

Number of leaves 36.57 ± 1.89 a 31.93 ± 3.82 b 31.43 ± 4.51 b

Stem base diameter (mm) * 38.81 ± 5.92 a 28.32 ± 5.88 b 30.69 ± 3.20 b

Stem medium diameter (mm) * 37.05 ± 3.77 a 26.20 ± 5.65 c 31.02 ± 3.38 b

Stem high diameter (mm) * 35.04 ± 2.70 a 23.23 ± 5.67 c 29.38 ± 3.35 b

Stem length (m) 2.75 ± 0.22 a 2.30 ± 0.24 b 2.60 ± 0.35 a

Letters indicate significant differences using Tukey’s test at p < 0.05 for ANOVA and Dunn’s test for Kruskal–Wallis.
* = data analyzed using Kruskal–Wallis. ** = data analyzed using ANOVA after ln(x) transformation. BL = leaf
from the base of the plant; ML = leaf from the middle of the plant; HL = leaf from the top of the plant.

Del Toro et al. (2011) [18] conducted a morphological study on the CB 40-69 variety
cultivated in Argentina. Their research revealed that the plant had an average leaf length of
129 cm and a width of 5.5 cm, resulting in a total of nine green leaves per stem. Additionally,
the stem’s length reached 2.25 m on average, with an average diameter of 34 mm. These
values were found to be lower than those obtained in our study. This suggests that the
conditions in the region and the management practices employed could influence the
plant’s development. Considering that this variety has traditionally been cultivated in the
region, it is possible to assume that it has adapted over time, potentially resulting in higher
biomass production compared to other locations.

On the other hand, in their analysis of CC 85-92 in a study conducted in Colombia,
Ramírez et al. (2014) [19] reported a stem length of 2.21 m and a diameter of 28.6 mm.
These figures were also lower than those observed in our experiment. These results
indicate that the variety is well-suited to the conditions in Ambuquí. In the case of both
varieties, there is still room for improvement in crop management practices to bridge the
gap between theoretical and actual yields. However, for the purposes of this study, the
higher biomass production suggests that crop residue could have significant potential for
energy production.

3.2. Residue Production Yields

The CB 40-69 type yielded an average of 157.91 t ha−1, which was statistically higher
than the yields for PR 980 (131.46 t ha−1) and CC 85-92 (120.36 t ha−1). Similarly, CB
40-69 had the highest bagasse production at 56.32 t ha−1, while PR 980 and CC 85-92
produced 46.47 t ha−1 and 42.16 t ha−1, respectively. All three varieties exhibited a similar
leaf production with CB 40-69 at 35.24 t ha−1, PR 980 at 33.30 t ha−1, and CC 85-92 at
29.70 t ha−1 (Figure 2).
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Figure 2. The biomass, green leaf, and bagasse production of the CB 40-69, PR 980, and CC 85-92
varieties, presented as means with standard deviations. Significant differences between these varieties
are indicated by letters (a, b, c), as determined by Tukey’s test at p < 0.05, with a sample size of n = 9.

In a study by Dariva et al. (1986) [20], CB 40-69 was reported to have an average
yield of 108 t ha−1, while Pimentel et al. (1959) [21] obtained 109 t ha−1. Meanwhile,
Secalla and Olivera (1967) [22] achieved a yield of 132 t ha−1. None of these studies were
able to attain the yield values obtained in this research. Furthermore, their results solely
focused on SC production and not on SCB as an agro-residue. This outcome contributes to
a better understanding of crop management by highlighting the value of the byproducts.
As indicated in the analysis of plant morphology, a higher biomass production suggests a
greater potential for the bioenergy industry, thanks to the available residues.

3.3. Moisture Content

Among the varieties, PR 980 exhibited the highest moisture content in both the sugar-
cane bagasse (SCB) and leaves, with values of 51.37% and 61.07%, respectively. In contrast,
the CB 40-69 variety had a lower moisture content in both the SCB and leaves, measuring
50.24% and 55.83%, respectively (see Figure 3). Nevertheless, no significant differences
were observed between the varieties.

The moisture content in SCB across all three varieties was comparable to that in the
findings reported by Kumar et al. (2019) [23], who stated that SCB leaving the final mill
of the crushing plant typically contains around 50% moisture. Similarly, Onesippe et al.
(2020) [24] mentioned that SCB had a relative humidity of 56%, which is higher than the re-
sults obtained in this study. Although this research did not reveal significant differences in
moisture content, these results align with the yields produced by the three varieties. There-
fore, agro-residues with lower humidity levels are more suitable for bioenergy production
through direct combustion, as they yield more dry matter.
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(n = 9).

3.4. Higher Heat Value

The higher heat value (HHV) of CB 40-69 (17.37 MJ kg−1) was the highest compared
to the other two varieties, making it more suitable for combustion. Meanwhile, CC 85-92
(16.07 MJ kg−1) and PR 980 (15.91 MJ kg−1) exhibited similar values (see Figure 4). The
HHV of the CB 40-69 variety in this study closely matched the value reported by Chen et al.
(2020) [25]; they calculated an HHV of 17.79 MJ kg−1. In contrast, Carriel et al. (2020) [26] ob-
tained a higher HHV of 18.51 MJ kg−1, demonstrating that the two remaining varieties have
values lower than those reported by other authors. However, Manyuchi et al. (2019) [27],
using the ASTM D-2015-66 standard, determined an HHV of 14.8 ± 0.4 MJ kg−1, which is
lower than the values observed for the PR 980 and CC 85-92 varieties. Unfortunately, the
author did not specify which sugarcane variety was analyzed.
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Figure 4. The calorific value of the CB 40-69, PR 980, and CC 85-92 varieties (means ± standard
deviation). Letters indicate significant differences using Tukey’s test at p < 0.05 (n = 9).

3.5. Elemental Composition of Sugarcane Bagasse

The results of the elemental analysis showed that the content of N and H and the C:N
ratio were statistically similar for the three varieties. The C content was lower in CB 40-69
(42.17%) than in the other two varieties. Meanwhile, the S concentration was the highest
in CB 40-69 (0.43%), as shown in Table 2. It is noteworthy that the content of N and S is
less than 1%, which complies with the UNE EN ISO 17225-1 standard, allowing its use as a
solid biofuel in Europe.

Table 2. The elemental analysis of bagasse. Letters indicate significant differences using Tukey’s test
at p < 0.05 for ANOVA.

Element PR 980 CC 85-92 CB 40-69

N (%) 0.23 ± 0.02 a 0.21 ± 0.06 a 0.45 ± 0.19 a

C (%) 44.38 ± 0.89 a 44.79 ± 0.60 a 42.17 ± 1,24 b

H (%) 8.85 ± 0.92 a 9.40 ± 1.50 a 7.96 ± 0.12 a

S (%) 0.23 ± 0.09 b 0.17 ± 0.01 b 0.43 ± 0.03 a

C:N 193.60 ± 12.82 a 220.00 ± 59.10 a 106.49 ± 44.47 a

It is important to emphasize that the CC 85-92 variety has a significant advantage in
the burning of SCB, as it contains lower amounts of N and S, resulting in reduced emissions
of NO and SO when carbon mixed with SCB is burned [16], in contrast to CB 40-69, which
has higher concentrations of these elements. In the case of bio-digestion, the C:N ratio is
critical for a more efficient process. However, these ratios are excessively high and are not
suitable for the use of microbes as digesters.

3.6. Proximal Composition of Bagasse

The PR 980, CC 85-92, and CB 40-69 varieties exhibited identical levels of volatiles,
registering at 78.62%, 80.35%, and 82.62%, respectively. Furthermore, all three varieties
displayed similar fixed carbon percentages, with PR 980 at 14.57%, CC 85-92 at 14.82%, and
CB 40-69 at 12.76%. Notably, PR 980 exhibited the significantly higher ash content of 7.74%,
while CC 85-92 and CB 40-69 showed no significant difference, with ash contents of 5.44%
and 5.43%, respectively (refer to Table 3).
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Table 3. The proximal composition of the SCB varieties evaluated (means ± standard deviation).
Letters indicate significant differences using Tukey’s test at p < 0.05 for ANOVA.

Variety PR 980 CC 85-92 CB 40-69

Moisture (%) 5.20 ± 0.27 ab 4.63 ± 0.28 b 5.81 ± 0.37 a

Volatiles (%) 78.62 ± 0.27 a 80.35 ± 1.04 a 82.68 ± 3.11 a

Fixed carbon (%) 14.57 ± 0.53 a 14.82 ± 0.67 a 12.76 ± 2.10 a

Ashes (%) 7.74 ± 0.56 a 5.44 ± 0.35 b 5.43 ± 0.25 b

The proximal composition of sugarcane bagasse (SCB) from each of the varieties is
like that reported by López et al. (2013) [28]. Their findings indicated a moisture content of
3.01%, a volatile matter content of 72.66%, fixed carbon at 12.89%, and an ash content of
8.98%. Likewise, López et al. (2013) [28] determined a moisture content of 4.42%, a total
volatile material content of 81.66%, fixed carbon at 8.82%, and an ash content of 5.10%.
Furthermore, Moreira et al. (2020) [29] also conducted a similar analysis, finding a moisture
content of 11.40%, volatile materials at 84.10% ± 1.20%, a fixed carbon content of 13.95%,
and an ash content totaling 1.95%; these percentages align with the results observed in this
study. However, none of the authors provided information regarding the specific variety of
sugarcane used in their respective studies.

3.7. Structural Composition of Sugarcane Bagasse

The conversion rate curves as a function of the temperature (in ◦C) and TGA derivative
(in mg s−1) for the different sugarcane varieties are displayed in Figure 5. The curve
resulting from the fixed kinetic parameters using the autonomous parallel reaction scheme
is illustrated as a continuous line, while the experimental data points are represented by
symbols (o) (Figure 5).

Within the TGA derivative curve, certain peaks or deformities indicate the points
at which the lignocellulose components undergo combustion. Through the employment
of the Originlab 2015 program for deconvolution, colored curves are generated. In this
context, the red line represents hemicellulose, the green line represents cellulose, and the
blue line represents lignin.

The analysis of the SCB structure revealed that three varieties did not exhibit significant
differences in lignin, hemicellulose, or cellulose content. CB 40-69 displayed a hemicellulose
content of 21.91%, which was lower than the 22.08% observed in CC 85-92. PR 980 had the
highest cellulose content, at 68.04%, among all the varieties studied. Meanwhile, CB 40-69
exhibited the highest lignin content, at 10.67% (see Figure 6).

The results concerning hemicellulose fall within the range observed by other authors.
However, there are notable discrepancies in the cases of cellulose and lignin compared
to the findings of Espírito Santo (2019) [30], who determined cellulose to be at 40.1% and
lignin at 23.6% using this technique. Similarly, Liu et al. (2014) [31] reported hemicellulose
at 29.47%, cellulose at 43.76%, and lignin at 18.22%. Among these results, the CC 40-69
variety comes closest, with lignin at 10.67% and cellulose at 67.42%. These differences could
potentially be attributed to variations in cultivation methods, soil types, and meteorological
factors, as previously mentioned.

Lastly, it is worth noting that a higher quantity of cellulose and hemicellulose is
advantageous to producing bioethanol through enzymatic hydrolysis, while a lower lignin
content enhances production yields.
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4. Conclusions

CB 40-69 is the variety with the highest cane production, averaging 157.91 t ha−1.
Consequently, it also yields a higher quantity of wet bagasse, totaling 55.27 t ha−1. This
variety is considered to offer the best crop yield.

The chemical composition analysis of SCB reveals that CC 85-92 has lower quantities
of nitrogen (0.21%) and sulfur (0.17%) compared to other varieties. This indicates that when
bagasse is burned through direct combustion, it produces fewer emissions of NOx and
SOx. These values fall below the maximum limits allowed by UNE EN ISO 17225-1, which
outlines the specifications and classes of solid biofuels.

Analyzing the chemical composition of the CB 40-69 variety, we can see that it shows
the lowest ash content at 5.43% and the highest volatile material content at 82.68%. Con-
sequently, it boasts a higher PCSS of 17.37 MJ kg−1. This demonstrates its efficiency in
producing thermal energy when SCB is subjected to direct combustion processes, resulting
in a total of 6.50 MJ kg−1 wet bagasse in a cogeneration system.

The analysis of lignocellulose components reveals that PR 980 stands out among the
three varieties, with a significant cellulose content of 68.04%, hemicellulose at 21.96%, and
lignin at 9.99%. This positions PR 980 as the variety with the highest bioethanol production,
yielding a total of 335.74 L t−1 SCB-wet through enzymatic hydrolysis.
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