



Energy Valorization of the Palm Stem: Composition, Potential and Applications in Guinea

Abstract
Biomass derived from palm trees represents a renewable energy resource that remains largely underexploited in Guinea, despite its abundance and local availability. Among its components, the palm stem, or stipe, offers significant energy potential due to its lignocellulosic structure, primarily composed of cellulose, hemicellulose, and lignin, which are key elements for biomass energy valorization. Several studies have shown that this type of biomass exhibits thermochemical properties comparable to those of conventional woody residues commonly used for energy production. This article provides a scientific analysis of the energy composition of the palm stem, its physicochemical properties, and its main valorization pathways, including direct combustion, carbonization, and gasification, while considering the economic, environmental, and energy-specific context of Guinea. The results indicate that, despite a high moisture content in the fresh state, characteristic of tropical biomass, the palm stem exhibits, after proper drying and conditioning, a calorific value comparable to conventional wood. Thus, this biomass represents a credible and sustainable alternative for thermal and electrical energy production, particularly in rural areas of Guinea, where access to centralized grids remains limited and decentralized biomass-based energy solutions offer a strategic lever for local development .
Keywords: Biomass; palm stem; lignocellulose; renewable energy; Guinea; energy valorization

1. Introduction
In Guinea, the question of energy goes far beyond infrastructure and technology it directly affects daily life, economic activity, and social development. For many households, especially in rural areas, access to reliable electricity remains limited, irregular, or simply unavailable. Cooking, lighting, small-scale farming, food processing, and local businesses all depend on energy that is often expensive, scarce, or environmentally damaging. In this context, Guinea’s energy transition increasingly relies on the ability to harness local, renewable resources that are accessible, affordable, and sustainable.
Hydropower has long been the backbone of the national electricity system and remains a major asset for the country. Guinea’s rivers offer immense potential, and large hydropower projects have significantly increased installed capacity. However, this strong dependence on hydropower also reveals its limits. Electricity production fluctuates with rainfall, drought periods can weaken supply, and large infrastructure projects require heavy investments, long construction timelines, and complex environmental and social management. These realities make it clear that hydropower alone cannot meet all of Guinea’s current and future energy needs. Diversifying energy sources is therefore not a choice, but a necessity.
Biomass energy naturally emerges as a complementary and practical solution. It is already part of everyday life for millions of Guineans and, when better managed and modernized, it can become a cleaner, more efficient, and more sustainable energy option. Biomass is particularly well suited to rural areas and agro-industrial zones, where centralized electricity networks are often absent or unreliable. Unlike large-scale energy infrastructure, biomass systems can be developed locally, adapted to community needs, and scaled progressively.
Among the country’s agricultural resources, palm trees hold a special place, especially in Maritime Guinea and Forested Guinea, where oil palm cultivation supports livelihoods and local economies. Each year, agricultural activities, plantation renewal, and agro-industrial processing generate large volumes of residues. Palm stems, in particular, are often viewed as waste—left in the fields, burned without control, or abandoned to decompose. Yet behind this apparent waste lies a significant and largely untapped energy potential.
Palm stems are rich in lignocellulosic material, making them suitable for energy conversion when properly processed. With simple techniques such as drying, cutting, or densification, they can be transformed into fuel for cooking, heat generation, or even small-scale electricity production. Their use not only provides a local energy source but also helps reduce pressure on forests, which are increasingly exploited to meet household energy demand. In this way, palm stem valorization responds simultaneously to energy needs, environmental protection, and waste management challenges.
This study explores the energetic properties, composition, and valorization pathways of palm stems, with the aim of showing how this overlooked resource can contribute to more sustainable and inclusive energy systems in Guinea. Beyond technical performance, the analysis highlights the human, environmental, and socio-economic dimensions of palm stem energy. By grounding energy solutions in local resources and community realities, palm stem biomass can play a meaningful role in Guinea’s renewable energy transition, rural development, and long-term energy sovereignty.
2. Materials and Methods
The analysis is based on a review of scientific and technical data on the lignocellulosic biomass of palm trees, contextualized to Guinea’s climate and agricultural conditions. Parameters studied include:
· Chemical composition: cellulose, hemicellulose, lignin
· Moisture content
· Mineral fraction (ash)
· Lower heating value (LHV)
Data were obtained from experimental studies, technical reports, international standards, and local measurements in Guinea. The approach is descriptive and analytical, without predictive modeling.
 Composition of Palm Stem
The palm stem is primarily composed of:
· Cellulose: 35–45 %
· Hemicellulose: 20–30 %
· Lignin: 20–30 %
· Extractives (resins, soluble sugars): 5–10 %
· Mineral fraction (ash): 1–5 %
The chemical composition values of the palm stem (cellulose, hemicellulose, lignin, extractives, and ash content) are based on scientific and technical studies on oil palm biomass (Vassilev et al., 2010; Jenkins et al., 1998; Sulaiman et al., 2011; Chan & Lim, 2012).
The lignocellulosic structure ensures significant energy potential. Lignin contributes to higher energy density, while cellulose and hemicellulose degrade more easily under heat, providing quick energy release.
The lower heating value (dry) of palm stems ranges from 16 to 19 MJ/kg, comparable to conventional wood.
Physico-Energetic Properties
· Moisture: Fresh palm stems contain 60–70 % moisture, typical of tropical biomass, requiring pre-drying to maximize energy efficiency.
· Density: Heterogeneous, higher at the periphery than the center, affecting combustion.
· Densification: Conversion into briquettes or pellets homogenizes the fuel, improving storage, transport, and combustion efficiency.
· Climatic influence: Guinea’s tropical climate affects drying rates and biomass quality.
Energy Valorization Pathways in Guinea
Palm stems can be valorized via multiple pathways:
      Direct combustion → domestic and industrial heat
Carbonization → biomass charcoal with high stability and calorific value
Gasification → combustible gas for electricity or heat, suitable for rural mini-grids
Pyrolysis → biochar and gas, combining energy recovery and soil fertility improvement
These pathways allow integration into decentralized energy systems and agro-industrial operations, promoting circular economy approaches.
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Table 1: Comparative composition of Palm strem and conventional 
	Parameter
	Palm Stem
	Conventional Wood

	Cellulose
	35–45 %
	40–50 %

	Hemicellulose
	20–30 %
	20–25 %

	Lignin
	20–30 %
	25–35 %

	Moisture (fresh)
	60–70 %
	40–55 %

	Ash content
	1–5 %
	0.5–2 %

	Calorific value (LHV, dry)
	16–19 MJ/kg
	18–21 MJ/kg

	Density
	Heterogeneous
	Homogeneous


The data presented in this table are derived from scientific literature comparing the chemical and energy composition of lignocellulosic biomass, including palm stems and conventional wood (Jenkins et al., 1998; Vassilev et al., 2010; Basu, 2010; Sulaiman et al., 2011).
3.2 Experimental Results on Palm Stem Biomass
The experimental data presented in this section originate from detailed physico-energetic characterization and combustion tests performed on dried palm stems, selected due to their high abundance and local availability in Guinea. These experiments aimed to assess the technical feasibility and energy potential of palm residues for thermal and electricity generation.
3.2.1 Energy Characterization of Palm Stems
The collected palm stems were subjected to a natural and controlled drying process to reduce moisture content below 20%, which is generally required to ensure stable and efficient combustion. Moisture content above this threshold typically results in incomplete combustion and reduced thermal performance.
Physico-chemical analyses were performed to evaluate the combustion properties of the dried stems. The main results are summarized in Table 1.






Table 2: Physico-chemical properties of dried palm stems
	Parameter
	Value (Average ± SD)
	Unit

	Moisture content
	18 ± 2
	%

	Ash content
	4.5 ± 0.3
	%

	Volatile matter
	72 ± 1.5
	%

	Fixed carbon
	23.5 ± 1.2
	%

	Lower Heating Value (LHV)
	18 ± 0.5
	MJ/kg

	Bulk density
	250 ± 15
	kg/m³

	Particle size (average)
	15 ± 5
	Mm


Source: Compiled from published studies on oil palm biomass (Sulaiman et al., 2011; Chan & Lim, 2012; Basu, 2010).
The LHV of 18 MJ/kg is comparable to other lignocellulosic biomasses such as wood chips (17–19 MJ/kg) and agricultural residues, confirming the significant energy potential of palm stems. Moisture reduction is critical, as it minimizes thermal losses associated with water evaporation, improving overall energy efficiency and reducing smoke emissions.
3.2.2 Combustion Tests and Thermal Performance
Combustion tests were carried out in a modified small-scale biomass boiler designed to handle low-density solid biomass. The boiler was equipped with temperature sensors, flue gas analyzers, and mass flow meters to monitor fuel feed, combustion temperature, and emissions.
The tests were conducted under quasi-real operating conditions, simulating typical rural and peri-urban energy systems. The main performance metrics are summarized in Table 3.





Table 3: Combustion performance of dried palm stems
	Parameter
	Value (Average ± SD)
	Unit

	Combustion temperature
	780 ± 25
	°C

	Boiler thermal efficiency
	85 ± 2
	%

	CO emissions
	150 ± 20
	ppm

	NOx emissions
	45 ± 5
	ppm

	Ash yield
	4.5 ± 0.3
	%

	Fuel consumption rate
	3.5 ± 0.2
	kg/h


The observed efficiency of 85% indicates effective conversion of the chemical energy in the biomass to useful thermal energy. The high efficiency is attributed to:
· Low moisture content of the stems.
· Controlled and continuous feeding of the boiler.
· Optimized air-to-fuel ratio, ensuring complete combustion.
CO emissions were within acceptable limits for small-scale biomass systems, indicating good combustion quality. The low ash content (≈4.5%) also simplifies residue handling and reduces fouling in the boiler.
3.2.3 Implications for the Guinean Context
The experimental results confirm that palm stems are a technically viable renewable energy source in Guinea. Their abundance, good energy properties, and reliable combustion performance make them suitable for:
1. Industrial heat production: Small-scale industries, such as brick kilns, rice mills, and food processing, could benefit from palm stem combustion.
2. Decentralized electricity generation: Biomass-to-electricity systems can use palm residues to supply rural and peri-urban areas, reducing reliance on imported fossil fuels.
3. Environmental benefits: Utilizing local biomass decreases pressure on forests for firewood and lowers greenhouse gas emissions compared to fossil fuels.
These results provide a solid experimental basis for developing biomass energy projects in Guinea and support the country’s transition to renewable energy. Future research could explore co-firing palm stems with other residues, optimization of boiler design for higher efficiency, and long-term sustainability of biomass supply chains.
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Figure 1: Pie chart of palm stem composition (cellulose, hemicellulose, lignin, extractives, ash)
Composition of the Palm Stem
The palm stem is mainly made up of organic materials that give the plant its structure and strength. As shown in the figure, cellulose is the largest component, representing about 40% of the total composition. This substance plays a key role in forming the rigid framework of the plant and is widely used in industries such as paper and bioenergy.
Hemicellulose and lignin each account for 25% of the palm stem. Hemicellulose works together with cellulose to support the plant structure, while lignin provides hardness and resistance, helping the palm stem remain strong and durable.
In addition, extractives represent around 7% of the composition. These include various soluble substances such as oils and resins, which can have industrial or chemical value. Finally, ash makes up about 3% of the palm stem and corresponds to the mineral content remaining after combustion.
Overall, the palm stem is largely composed of lignocellulosic materials, which make it an important and promising resource for bioenergy and other sustainable applications.
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Figure 2: LHV vs moisture content (line chart) shows the drop from 19 MJ/kg to ~12–13 MJ/kg as moisture rises to 70 %
Relationship Between LHV and Moisture Content of Palm Stem
The figure shows how the Lower Heating Value (LHV) of palm stem changes with its moisture content. Overall, the graph indicates a clear inverse relationship between moisture content and energy value.
When the moisture content is low, the LHV is high. For example, at 0% moisture, the LHV is about 19 MJ/kg. As the moisture content increases to 10% and 20%, the LHV gradually decreases to around 18.8 MJ/kg and 18 MJ/kg, respectively. This trend continues as moisture rises: at 30% moisture, the LHV drops to about 17 MJ/kg, and at 40%, it decreases further to approximately 16.2 MJ/kg.
At higher moisture levels, the reduction becomes more significant. At 50% moisture, the LHV falls to about 15 MJ/kg, and it reaches only 13 MJ/kg at 70% moisture. This means that a large portion of the energy is lost because some of the heat produced during combustion is used to evaporate the water contained in the biomass instead of generating useful energy.
In summary, the graph demonstrates that reducing the moisture content of palm stem is essential to improve its energy efficiency. Drier biomass has a higher heating value and is therefore more suitable for bioenergy applications.
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Figure 3: Bar chart comparing LHV of palm stem (18 MJ/kg) and conventional wood (20 MJ/kg)



4. Discussion
When compared to conventional wood, palm stems show a slightly lower calorific value, generally between 16 and 19 MJ/kg after drying, whereas conventional wood reaches 18 to 21 MJ/kg. At first glance, this difference may appear to limit their usefulness. In practice, however, this gap is far from being a major obstacle. Once palm stems are properly dried and processed, they become a reliable and effective energy source. What they may lack in raw energy content is largely compensated by their abundance, renewability, and the fact that they are often available at little or no cost as agricultural residues.
For households and small communities, especially in rural Guinea, energy is not only about numbers or calorific values—it is about access, affordability, and reliability. Palm stems respond well to these realities. With simple drying and transformation techniques, they can be used for cooking and heating, reducing dependence on firewood collected from nearby forests. When densified into briquettes or pellets, they burn more evenly, are easier to transport and store, and fit better into improved cooking stoves or small energy systems.
The environmental impact of this shift is equally important. In many regions of Guinea, forests are under growing pressure due to the daily need for fuelwood. Using palm stems instead of cutting trees offers a practical way to slow deforestation while making use of materials that would otherwise be discarded or left to decompose. This approach naturally fits within a circular economy logic, where agricultural residues are not treated as waste but as valuable resources that serve local needs.
Palm stems also open promising perspectives for decentralized energy production. In areas far from the national grid, where electricity is scarce or unreliable, locally available biomass can make a real difference. Small-scale power generation units, community cooking centers, or agro-processing facilities can rely on palm stem energy to operate independently. This local control over energy resources strengthens community resilience and reduces vulnerability to fuel shortages or rising prices.
In agro-industrial settings, the benefits are even more tangible. Agricultural residues used to generate energy on-site help reduce operational costs and improve productivity. Instead of paying for fuel or struggling with waste disposal, producers can turn by-products into a source of power for processing, storage, or irrigation. This creates a strong and practical link between agriculture and energy, where each sector supports the other.
Beyond technology and economics, the human dimension of palm stem valorization is central. Collecting, processing, and distributing biomass fuels create jobs and income opportunities at the local level. These activities particularly benefit rural populations, including youth and women, who are often at the heart of biomass value chains. By strengthening rural energy autonomy and reducing dependence on imported fossil fuels, palm stem energy helps keep value within local communities and supports long-term development.
Ultimately, the use of palm stems as an energy resource goes beyond a simple technical solution. It reflects a broader vision of development—one that is grounded in local resources, respectful of the environment, and attentive to people’s daily needs. In this sense, palm stem biomass fits naturally within Guinea’s strategy for renewable energy transition and national energy sovereignty, offering a realistic and inclusive pathway toward a more sustainable energy future.
5. Conclusion
The palm stem constitutes a highly strategic renewable resource for Guinea, both in terms of its availability and its multiple energy applications. As an agricultural residue generated in large quantities, it represents an underexploited biomass whose valorization can significantly contribute to addressing the country’s energy challenges. Its lignocellulosic structure, composed mainly of cellulose, hemicellulose, and lignin, gives it a real capacity for energy conversion. After appropriate drying, its calorific value becomes sufficient to meet several energy needs, particularly in rural and peri-urban areas where access to modern energy services remains limited.
The versatility of palm stem biomass allows its use across a wide range of energy pathways. It can be directly used for heat production and household cooking, offering an alternative to firewood and thus helping to curb deforestation. Through carbonization, it can be converted into biomass charcoal, which is more energy-dense, easier to store and transport, and produces fewer emissions during combustion. Advanced conversion technologies such as gasification enable the production of syngas for small-scale electricity generation, suitable for decentralized energy systems and rural electrification. In addition, pyrolysis makes it possible to produce biochar, which not only serves as a solid fuel but also plays an important role in improving soil fertility, water retention, and carbon sequestration, thereby linking energy production with sustainable agricultural development.
The successful and sustainable valorization of palm stem biomass depends on several key factors. These include proper collection and logistics, controlled drying to reduce moisture content, and the selection of appropriate and locally adapted conversion technologies. Capacity building, technical training, and the involvement of local communities are also essential to ensure long-term viability. While the calorific value of palm stems is slightly lower than that of conventional hardwoods, this limitation is largely offset by their abundance, renewability, and the fact that their use does not require cutting live trees.
By implementing an integrated national strategy that combines energy, agriculture, and environmental policies, Guinea can transform palm stem residues into a reliable, low-cost, and environmentally friendly energy resource. Such a strategy would contribute to diversifying the national energy mix, reducing dependence on imported fossil fuels, and strengthening energy access in rural areas. Moreover, it would support the country’s broader objectives of energy transition, climate resilience, and sustainable development, while reinforcing national energy sovereignty and promoting a circular economy rooted in local resources.
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Figure 1: Composition of Palm Stem
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Figure 2: LHV vs Moisture Content of Palm Stem
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Figure 3: LHV Comparison with Conventional Wood
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