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ABSTRACT 

 

Energy potential and thermochemical characterization of 

Sorghum bicolor and Pennisetum purpureum compartments for 

bioenergy generation 

This study evaluated the chemical and energetic characteristics of two agricultural biomasses, Sorghum 

bicolor [L.] Moench and Pennisetum purpureum Schum., across three compartments: leaves, stems, 
and whole plants. The research was motivated by the need to identify resilient bioenergy sources for 
the Southern Hemisphere, aiming to meet rural thermal demands and mitigate dependence on fossil 
fuels in regions such as Sub-Saharan Africa. The samples were analyzed, in accordance with 
standardized methods, for extractives content, lignin, holocellulose, volatile matter, ash, fixed carbon, 
and calorific value. The data were subjected to analysis of variance, and, when differences were 
identified, Tukey’s test at the 5% probability level was applied, along with Pearson’s correlation test 
to assess the relationships among the properties. The results showed that sorghum exhibited a higher 
calorific value in all compartments, in addition to lower ash contents, whereas elephant grass stood out 
for its higher ash content, especially in the leaves (9.27%), which may limit its use in direct 
combustion. The stems were, for both species, the compartment with the highest calorific value. A 
strong positive correlation was observed between lignin content and calorific value (r = 0.92), and a 
strong negative correlation between ash content and calorific value (r = −0.95). It is concluded that 
both crops have energy potential for bioenergy purposes; however, sorghum presents advantages for 
combustion due to its higher energy content and lower ash content, whereas the use of elephant grass 
requires forest management strategies. The results validate these crops as strategic alternatives for 
energy security and the sustainable development of agricultural communities. 

 

Keywords: Biomass. Energy. Biofuels. Energy security. Family forestry.  
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1. INTRODUCTION 

 

The substantial increase in the global population in recent years has significantly influenced 

worldwide energy demand, which, when derived from non-renewable fossil fuels, is strongly associated 

with environmental degradation, pollution, global warming, greenhouse gas emissions, and the depletion 

of finite energy resources. In this context, intensifying the search for alternative energy sources based on 

renewable resources becomes essential [1][2]. 

A set of actions aimed at reducing dependence on fossil fuels includes the establishment of the 17 

Sustainable Development Goals (SDGs) during the United Nations General Assembly in 2015. Among 

them is SDG 7, Affordable and Clean Energy, which aims to ensure access to affordable, reliable, 

sustainable, and modern energy for all, as well as to significantly increase the share of renewable sources 

in the global energy mix and improve energy efficiency gains by 2030 [3][4]. 

One of the main renewable energy sources with the potential to support and facilitate the 

achievement of the SDGs is biomass, an energy alternative that encompasses environmental, social, and 

economic benefits [5]. It should be noted that the use of biomass contributes both to reducing dependence 

on fossil fuels and to lowering greenhouse gas emissions by utilizing agricultural, forestry, and organic 

residues for energy generation, thereby promoting environmental sustainability [6]. In addition, the 

conversion of biomass into bioenergy can stimulate local economic development by generating 

employment and income in associated production chains and by promoting a more efficient circular 

economy [7]. 

In Southern Brazil, the expansion of bioenergy derived from short-cycle agricultural biomass plays 

a strategic role in maintaining productive activities on family-based farms. The expansion of bioenergy 

from lignocellulosic biomass has been playing a strategic role in diversifying the energy matrix, especially 

in countries with a strong agro-industrial base [8]. In Sub-Saharan Africa, historically, dependence on fossil 

fuels and limited access to modern electricity represent critical barriers to development [9]. In this region, 

solid biomass remains the main energy source for cooking and small agro-industries; however, the 

unsustainable exploitation of native forests has generated severe environmental impacts [10]. In this 

context, the identification of fast-growing crops that can be integrated into small-scale systems emerges as 

a vital solution for energy sovereignty and the mitigation of deforestation on the African continent. 

Biomass offers high technological flexibility, as it can be converted through different pathways, 

such as combustion, pyrolysis, gasification, anaerobic digestion, among others, which broadens its potential 

applications in energy systems [11]. Moreover, when managed sustainably, biomass may present a carbon 

balance close to neutrality, since the CO₂ released during conversion processes tends to be offset by the 

carbon fixed during plant growth, thereby reinforcing its role as a viable alternative in the context of global 

climate change mitigation targets [12]. 

Among the various types of biomass, the use of agricultural residues for bioenergy production has 

become increasingly widespread, mainly due to its potential as an alternative for waste management [13]. 
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Due to the large-scale production of these by-products, there is a significant environmental risk, as the 

decomposition of organic residues contributes to atmospheric pollution through the generation of gases 

such as CH₄. In addition, soil and water contamination may also occur, further intensifying climate change 

[14]. 

The potential use of agricultural biomass as fuel, as well as forestry crops, is strongly related to its 

chemical, physical, and energy properties. Therefore, a detailed understanding of these properties is 

essential to assess its performance, possible impacts, and issues arising from energy conversion processes 

[15]. The lignocellulosic composition of these biomasses, particularly the fractions of cellulose, 

hemicellulose, and lignin, is linked to key aspects of thermochemical conversion, where lignin tends to 

increase the higher heating value, in contrast to cellulose and hemicellulose, which are more closely 

associated with volatile release and thermal reactivity [16]. 

For rural producers, crops such as sorghum and elephant grass serve as an immediate energy 

supply, filling fuel availability gaps while long-cycle forest plantations, such as eucalyptus, have not yet 

reached harvest maturity. This complementarity is essential to ensure the energy required in critical thermal 

processes, such as grain drying and tobacco production. 

Although this study was conducted under the edaphoclimatic conditions of Southern Brazil, the 

selected species, sorghum and elephant grass, exhibit broad adaptability and are already cultivated in 

several regions of Africa for forage purposes [17]. Redirecting these crops toward the energy sector may 

transform biomass residues and surpluses into a high-quality fuel for rural thermal demand. Therefore, this 

work seeks to provide chemical and energy parameters that support the transfer of these crops as resilient 

bioenergy sources capable of meeting agricultural processing needs and heat generation in African 

communities and in other contexts of family-based farming worldwide. 

2. MATERIALS AND METHODS 

2.1 PLANT MATERIAL 

This study evaluated two agricultural biomasses, Sorghum bicolor [L.] Moench, cultivar BRS 716, 

and Pennisetum purpureum Schum., cultivar BRS Capiaçu, originating from the municipality of Santa Cruz 

do Sul, located on the lower northeastern slope of the state of Rio Grande do Sul, Brazil, at geographic 

coordinates 29°43'59" S and 52°24'52" W, with an average altitude of 122 meters. The municipality has a 

total area of 734.516 km² and an average annual precipitation of 1,420 mm [18][19]. 

Sorghum was planted in June 2022, with a spacing of 0.5 m × 0.5 m, totaling 40,000 plants per 

hectare. Elephant grass was planted on the same date, but with a spacing of 0.6 m × 0.8 m, corresponding 

to 20,833 plants per hectare. The experimental areas were selected as they represent the edaphoclimatic 

conditions typical of small rural properties in the region, where these crops are integrated as a 

complementary energy source. Harvesting was carried out using five replicates of 8 linear meters each for 

both species. Sorghum was harvested in May 2023, while elephant grass was harvested in July of the same 

year. 
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2.2 CHEMICAL AND ENERGY CHARACTERIZATION 

 

The collected samples intended for chemical and energy analyses were separated into 

compartments (whole plant, leaves, and stems), converted into sawdust using a Wiley-type knife mill, and 

subsequently classified through vibrating sieves with a 40/60 mesh. 

The structural chemical composition and proximate analysis of both biomasses were carried out at 

the Wood Chemistry Laboratory (LAQUIM), at the Federal University of Santa Maria, RS, Brazil, 

following technical standards, all in triplicate. 

For the determination of total extractives content, TAPPI standard T264 cm-97 was used, and the 

final content was calculated using Equation 1. 𝐸𝑋 =  ௉1−௉2௉1  𝑋 100 (1) 

 
Where: EX: total extractives content (%); P1: initial sample weight (g); and P2: weight of the 

extractive-free sample, oven-dried (g). 

For the determination of Klason lignin content, TAPPI standard T222 om-98 was followed, in 

which all polysaccharides are removed from the sample through acid hydrolysis, leaving lignin as the 

residue. The final lignin content was obtained using Equation 2. Holocellulose, cellulose, and 

hemicellulose contents were then obtained by difference, as given in Equation 3. ܩܫܮ =  ௉1௉2  𝑋 100 (2) 

 
Where: LIG: lignin content (%); P1: weight of the residual sample (g); and P2: initial weight of 

the sample, absolutely dry and extractive-free (g). 

100 = ܱܮܱܪ  − ܼܥ ) + 𝐸𝑋ܶ +  (3) (ܩܫܮ
 
Where: HOLO: holocellulose content (%); CZ: ash content (%); EXT: total extractives content 

(%); and LIG: lignin content (%). 

The calculation of holocellulose by difference is a well-established practice that provides an 

integrated view of the biomass thermal degradation potential. 

Proximate analysis was based on ASTM D1762-84, with the aim of determining the contents of 

volatile matter, ash, and fixed carbon in the samples. The volatile matter content was calculated using 

Equation 4: ܸܯ =  ௉1−௉2௉1  𝑋 100 (4) 

 
Where: MV: volatile matter content (%); P1: initial sample weight (g); and P2: sample weight 

after incineration of volatile matter (g). 

 
The ash content was calculated according to Equation 5: 

ܼܥ  =  ௉஼௉  𝑋 100 (5) 

Where: CZ: ash content (%); PC: ash weight (g); and P: initial sample weight (g). 

Fixed carbon (CF) content was calculated according to Equation 6: 
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100 = ܨܥ  − ܸܯ −  (6) ܼܥ
 
Where: CF: fixed carbon content (%); MV: volatile matter content (%); and CZ: ash content (%). 

The gross calorific value (GCV) analysis was carried out at the Laboratory of Ruminant 

Bromatology and Nutrition (LABRUMEN), at the Federal University of Santa Maria, RS, Santa Maria, 

Brazil. The processed biomass material was formed into briquettes with an approximate weight of 0.8 grams 

and subsequently analyzed using a Parr 6400 bomb calorimeter, in accordance with technical standard NBR 

8633 (ABNT, 1984). The use of briquettes ensures combustion uniformity within the calorimeter, 

minimizing experimental errors in the determination of energy potential. 

 

2.3 STATISTICAL ANALYSIS 

A completely randomized design (CRD) was adopted in the experimental design. Assumptions for 

analysis of variance (ANOVA) were tested using the F-test at a 5% significance level (p ≤ 0.05), the 

Shapiro–Wilk test for normality, and Bartlett’s test for homoscedasticity of variances. In the case of 

significant analysis of variance, multiple comparisons of means were adopted using Tukey's test. All data 

were subjected to statistical analysis using the R statistical software. 

The relationship between chemical and energy properties was assessed using Pearson’s correlation 

test, considering all values of the analyzed variables. The adopted level of statistical significance was p < 

0.05. These correlations allow the identification of whether variations in chemical properties are associated 

with changes in the energy properties of crops. 

 

3. RESULTS AND DISCUSSION 

 

According to the analysis of variance, significant differences in extractive content were observed 

among sorghum compartments, with leaves differing from stems and whole plants. The mean values 

indicated that leaves presented a higher extractive content, as shown in Figure 1. These results corroborate 

those reported by Pimentel et al. [20], who, when characterizing the chemical and energetic properties of 

different agronomic groups of sorghum, also found higher levels of this component in leaves, although 

those values were higher than those obtained in the present study. This elevated concentration of extractives 

in leaves may influence the ignition rate of the biomass, since these compounds typically exhibit high 

volatility and thermal reactivity during the initial stages of the combustion process [21]. 

Holocellulose content also showed significant differences in the leaf fraction compared to stems 

and whole plants, as shown in Figure 1. This result is consistent with that obtained by Pimentel et al. [20], 

who also reported higher holocellulose content in the leaves of sorghum BRS 716 (62.17%) when compared 

to other plant compartments.  

For elephant grass, significant differences were observed in lignin and holocellulose contents 

among the three compartments (Figure 2). For lignin, the highest content was found in the stems, differing 

from both the whole plant and leaves. Higher lignin contents in the stem fraction indicate a strong potential 
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for its use in direct combustion processes. From an energy efficiency perspective, this pattern is highly 

desirable, as lignin has a higher energy density than polysaccharides due to its lower oxygen content and 

greater thermal stability, which enhances the final energy balance during direct combustion [16]. 

For the cultivar BRS Capiaçu, Beber et al. [22], when analyzing the effect of plant part and age on 

biomass characteristics, also found higher lignin content in stems (12.23%), followed by the whole plant 

(10.56%) and leaves (7.72%); however, these values are lower than those obtained in the present study.  

Regarding holocellulose content, as observed for sorghum, the highest values were found in the 

leaves and stems. It is known that, in energy generation processes, raw materials with higher holocellulose 

content present a high volatile matter content, resulting in faster combustion and an intense release of gases 

during the initial heating phase [23]. This behavior may favor ignition; however, it leads to a shorter 

duration of energy retention within the solid during the process. In this context, for applications aimed at 

higher energy yield, biomass with lower holocellulose content is preferable. 

 

Fig. 1 Mean values of extractives, lignin, and holocellulose contents for sorghum compartments. 

Means followed by the same lowercase letters do not differ among compartments at the P < 0.05 level, 

based on Tukey’s test. Error bars represent the standard deviation 

 

 

 

Source: Author (2026) 

 

 

Fig.2 Mean values of extractives, lignin, and holocellulose contents for elephant grass 

compartments. Means followed by the same lowercase letters do not differ among compartments at the P < 

0.05 level, based on Tukey’s test. Error bars represent the standard deviation 
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Source: Author (2026) 

 

Regarding fixed carbon content, an important variable in relation to energy properties, no 

significant differences were observed among sorghum compartments (Figure 3), whereas for elephant grass, 

the highest content was found in the stem fraction (Figure 4). Macedo, Rousset, and Vale [24], when 

evaluating the energy potential of the crop, obtained a fixed carbon content similar to that of the present 

study (17.2%), although for the whole-plant compartment. This result reinforces the suitability of stems for 

combustion processes that require longer thermal residence time, a key characteristic for heat stability in 

drying furnaces. 

In contrast, ash content differed significantly among the three compartments of both species, with 

the highest values observed in the leaves of sorghum and elephant grass, as shown in Figures 3 and 4. 

Ferreira et al. [25] obtained a high ash content of 8.07%, as did Lee et al. [26] and De Conto et al. 

[27], who reported values of 9.68% and 8.26%, respectively, for elephant grass. In addition, these authors 

observed the influence of high ash content on the reduction of the gross calorific value. Depending on its 

level, large amounts of ash reduce the available energy in the material and, consequently, its conversion 

efficiency [28]. The value of 9.27% observed in the leaves of elephant grass in the present study exceeds 

the technical limits recommended to avoid slag formation in boilers, suggesting that, for small-scale 

producers, the preferential use of stems or blending with eucalyptus wood would be a safer strategy to 

preserve equipment. 

 

Fig.3 Mean values of volatile matter, ash, and fixed carbon contents for sorghum compartments. 

Means followed by the same lowercase letters do not differ among compartments at the P < 0.05 level, 

based on Tukey’s test. Error bars represent the standard deviation 
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Source: Author (2026) 

 

 

Fig.4 Mean values of volatile matter, ash, and fixed carbon contents for elephant grass 

compartments. Means followed by the same lowercase letters do not differ among compartments at the P < 

0.05 level, based on Tukey’s test. Error bars represent the standard deviation 

 

 

Source: Author (2026) 

 

Regarding calorific value, for both species, the stem compartment exhibited the highest values, as 

shown in Figure 5. Beber et al. [22], analyzing the same elephant grass cultivar, also obtained a higher gross 

calorific value for stems (4,299 kcal/kg) and a lower value for leaves (4,280 kcal/kg). 

 

Fig.5 Mean values of gross calorific value for sorghum and elephant grass compartments. Means 

followed by the same lowercase letters do not differ among compartments at the P < 0.05 level, based on 
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Tukey’s test. Error bars represent the standard deviation 

 

 

Source: Author (2026) 

 

When comparing the chemical composition between species, significant differences in extractive 

content were observed across all compartments, with sorghum showing the highest values for leaves, stems, 

and whole plant, as shown in Table 1. The higher values in sorghum may be associated with environmental 

factors or the crop’s developmental stage. Some studies have reported similar contents of this component 

in sorghum and elephant grass, which may be related to patterns of accumulation of soluble compounds 

and to shared structural and biological defense functions common to these Poaceae grasses [29][30]. 

Depending on the types of extractives present in the crops, they may directly influence the energy 

characteristics of biofuels, favoring an increase in calorific value due to their higher carbon proportion, 

which can enhance both the calorific value and the fixed carbon content present in the fuel [31]. 

For lignin and holocellulose contents, only the leaf compartment showed a significant difference, 

with higher values observed for sorghum. It can be stated that biomass with higher lignin content tends to 

exhibit higher calorific values, since lignin is the most relevant component for energy generation, as its 

energy yield is directly related to its proportion in the biomass [32]. 

In addition, lignin contains proportionally less oxygen than holocellulose, which contributes to a 

higher calorific value in biomass with elevated levels of this component, as materials with lower oxygen 

content tend to release more energy per unit mass during combustion [16][33]. This biochemical basis 

explains why sorghum, with higher lignin content in leaves compared to elephant grass, exhibited superior 

energy performance in this study. Higher lignin content leads to slower decomposition and lower gas yield 

as a product, which is advantageous for energy biomass applications [34]. 

In contrast, high holocellulose contents may negatively influence combustion processes. Lower 

values of this chemical component are desirable when the biomass is intended for energy generation, since 

holocellulose exhibits an unstable and weak profile under thermal degradation processes; therefore, it does 

not contribute positively to biomass use for this purpose [35][32]. 
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Regarding the analysis of energy properties, sorghum presented the highest calorific value in all 

compartments when compared to elephant grass. This result may be associated with the higher ash content 

in elephant grass, since ash reduces the available energy in the material and, consequently, decreases 

conversion efficiency [28]. High ash contents, such as those observed in the leaf compartment of elephant 

grass, impair the combustion process. This elevated content in leaves, compared to stems, may be mainly 

related to mineral transport processes, as minerals are predominantly deposited in the leaves [36]. 

 Regarding sorghum, in addition to its higher calorific value, it also presented a higher lignin 

content, which likely contributed to a greater fixed carbon content in the leaves. During combustion, lignin 

decomposes gradually over a wide temperature range, promoting the formation of condensed aromatic 

carbon structures, resulting in a higher fixed carbon content [37]. 

Furthermore, a lower ash content was observed in all sorghum compartments, particularly in the 

stems, when compared to elephant grass, as shown in Table 1. Ashes are composed of inorganic elements 

that do not contribute to the energy value of the fuel and, at high levels, cause fouling, corrosion, and a 

reduction in calorific value. Thus, biomass with lower ash content, such as sorghum, is preferable when the 

objective is energy generation [38][39]. 

 

Table 1 – Mean values of extractives, lignin, holocellulose, volatile matter, ash, fixed carbon, and 

calorific value for sorghum and elephant grass by compartment. Means followed by the same lowercase 

letters within each column do not differ between species at the P < 0.05 level, based on Tukey’s test 

 
Species Extractives (%)

 
Lignin (%)

 
Holocellulose (%)

 

Leaves 

Sorghum 19,63 a 16,39 a 64,45 a 

Elephant grass 15,70 b 12,63 b 62,18 b 

 Stems 

Sorghum 18,10 a 17,68 a 63,12 a 

Elephant grass 14,73 b 17,00 a 63,23 a 

  Whole plants  

Sorghum 17,00 a 15,60 a 65,72 a 

Elephant grass 13,52 b 14,85 a 64,88 a 

 
Volatile matter (%) Ash (%) Fixed carbon (%) 

 Leaves 

Sorghum 77,36 a 5,90 b 16,74 a 

Elephant grass 76,55 a 9,27 a 14,18 b 

 Stems 

Sorghum 79,93 a 2,81 b 17,26 a 

Elephant grass 78,80 a 4,18 a 17,01 a 

 Whole plants 

Sorghum 78,24 a 5,00 b 16,76 a 

Elephant grass 77,28 a 6,78 a 15,94 a 

 Calorific value 

(kcal/kg) 

 

 Leaves 

Sorghum 4.573 a 
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Elephant grass 4.210 b 

 Stems 

Sorghum 4.665 a 

Elephant grass 4.565 b 

 Whole plants 

Sorghum 4.533 a 

Elephant grass 4.402 b 
Source: Author (2026) 

 

Pearson’s correlation analysis allows the identification of possible associations between the 

chemical and energy properties of the agricultural biomasses studied, as shown in Table 2. A strong positive 

correlation was observed between lignin content and gross calorific value (r = 0.92), as well as between 

lignin content and fixed carbon content (r = 0.72). In addition, fixed carbon content also showed a direct 

correlation with calorific value (r = 0.76). These results indicate that higher lignin and fixed carbon contents 

contribute significantly to the energy content of sorghum and elephant grass biomasses. This relationship 

has already been reported in comparative analyses of plant biomass chemical composition, in which lignin 

showed a positive correlation with gross calorific value and fixed carbon, in contrast to the negative effect 

of ash content [31][40]. 

Table 2 – Pearson’s correlation between the chemical and energy properties of the agricultural crops 

studied 

 

Variable EXT HOLO PCS CF MV CZ 

LIG 0.33ns -0.41ns 0.92* 0.64* -0.63* -0.9* 

EXT  -0.65* 0.46ns 0.22ns 0.18ns -0.28ns 

HOLO   -0.47* -0.51* -0.27ns -0.54* 

PCS    0.72* -0.69* -0.95* 

CF     0.23ns -0.69* 

MV      -0.72* 

 
Source: Author (2026) 

 

Regarding extractives content, no significant correlation was observed with calorific value, 

indicating that in the sorghum and elephant grass cultivars analyzed, extractives do not influence the energy 

value of the biomass. 

Holocellulose content showed a negative correlation with calorific value (r = −0.47), as did volatile 

matter content (r = −0.69). Lower holocellulose values are desirable when biomass is intended for energy 

generation, since this component exhibits an unstable and weak profile under thermal degradation 

processes; therefore, it does not contribute positively to biomass use for energy purposes [34]. Volatile 
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matter, in turn, is beneficial in facilitating biomass ignition at lower temperatures; however, its high content 

makes combustion control difficult, causing the fuel to be consumed too rapidly in the combustion chamber 

and thus reducing process efficiency [41][42]. 

Ash content showed a strong negative correlation with calorific value (r = −0.95), highlighting the 

importance of species selection to identify those with lower levels of this component, which negatively 

affects the combustion process. 

 
 
 
4. FINAL CONSIDERATIONS 

 

The results obtained in the present study highlight the potential of agricultural biomass as an 

alternative source of renewable energy, particularly in agricultural systems that require supplementary 

energy sources while forest plantations are being established. Sorghum exhibited higher energy value and 

lower ash content, indicating greater suitability for direct combustion. Elephant grass, despite its 

considerable calorific value, presents leaves with high ash contents, which may cause operational problems 

during combustion and reduce process efficiency, requiring careful forest management and processing of 

this biomass. 

The choice of material, species, and compartment should consider the intended application 

(combustion, gasification, among others) as well as the operational limitations of the equipment. The use 

of stems is recommended for thermal energy generation due to their higher calorific value and lower ash 

content; however, plant fractionation may not always be a feasible option. In this sense, alternatives such 

as blending agricultural biomass with wood could be explored, since wood generally presents lower ash 

content, which may help reduce operational issues. 

In this context, detailed chemical characterization is essential to guide technological and economic 

decisions in the implementation of bioenergy supply chains. Short-cycle crops, such as sorghum and 

elephant grass, offer a viable and efficient solution when properly managed, contributing to the reduction 

of pressure on other natural resources while promoting greater flexibility and energy security. 

 

5. CONCLUSIONS 

The chemical and energy characterization of the compartments of Sorghum bicolor and 

Pennisetum purpureum reveals that both biomasses have potential for the rural energy matrix, although 

they exhibit distinct behaviors that influence their thermal efficiency. Sorghum biomass stands out due to 

its superior energy performance across all compartments, driven by higher lignin contents combined with 

lower mineral content. These properties confer greater combustion stability to sorghum, positioning it as a 

high-performance fuel for processes requiring rapid temperature rise and lower ash residue. 

In the context of South–South cooperation, these results validate sorghum as a strategic crop for 

technological transfer between Brazil and African nations, where the species is already well adapted to 

agricultural conditions. 
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On the other hand, the use of elephant grass for bioenergy purposes requires strategic management 

of its compartments. Although it presents a competitive and viable calorific value, its high ash content acts 

as a severe technical limitation, capable of inducing corrosion and clogging in thermal systems. Therefore, 

to enable the use of this crop, the segregation of fractions or the adoption of blending techniques with low-

mineral-content forest biomass is recommended, aiming to balance inorganic load and preserve the service 

life of conversion equipment. 

Ultimately, the integration of these short-cycle grasses into the energy planning of family-based 

farms represents a solution of high socioeconomic relevance. In addition to diversifying the renewable 

energy matrix, the strategic cultivation of sorghum and elephant grass ensures immediate energy security 

by meeting thermal demands for agricultural product drying during the maturation period of forest stands. 

In this way, detailed knowledge of the chemical properties of these materials ceases to be merely a 

laboratory parameter and becomes a tool for autonomy and economic resilience for rural producers. 

Thus, the application of these technical results in African and Brazilian contexts promotes rural 

energy autonomy and reduces pressure on native forests, transforming chemical knowledge into economic 

resilience for producers. 
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