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Performance and Economic Feasibility Assessment of a Small-Scale Updraft Gasifier for Domestic Applications in South-West Nigeria
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Nigeria needs alternatives to liquefied petroleum gas (LPG), whose growing price and scarcity have led to a greater reliance on firewood and charcoal, increasing pollution and carbon footprint. To provide sustainable and affordable cooking energy, this study examines the performance and economic viability of a small-scale updraft gasifier designed for home use in South-Western Nigeria. Investigation of the effects of temperature and feedstock size on gasifier performance revealed that higher operating temperatures improved the gas's higher heating value (HHV) and overall system efficiency. With a power output of 7.60 kW, thermal efficiency of 81.6%, and a char yield of 10%, the gasifier demonstrated efficient operation and acceptable gas quality. Economically, the system provided about 20,000 MJ of cooking energy annually at a Levelized Cost of Cooking (LCOC) of ₦0.82/MJ, which is substantially less than the ₦31.95/MJ for LPG. Its high viability was confirmed by the payback period of 0.37 years and the net present value (NPV) of ₦976,447, respectively. These results suggest that domestically produced biomass gasifiers can provide a low-cost, clean, and energy-efficient domestic cooking option, particularly in areas with an abundance of agricultural waste, thereby supporting Nigeria's clean energy transition and sustainability goals.
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1. Introduction
In every developing or developed country, a steady energy supply supports basic amenities, such as cooking, lighting, transportation, and healthcare. [1]. On a larger scale, it promotes major economic sectors, including manufacturing, agriculture, and commerce [2], [3]. When the energy sector works efficiently, the economy grows, the poverty rate declines, and the living standards of the people improve [4]. 
Nigeria is the most populous country in Africa, with an estimated 237 million people [5]. However, about 40% of the population does not have access to electricity [4], and even those connected to the grid cannot boast of a steady power supply in their homes or workplaces. Hence, liquefied petroleum gas (LPG) is the more reliable option for cooking. According to the World Bank, 30.9% of Nigerians live below the global extreme poverty line [6]. To put this into perspective, approximately 73 million Nigerians live on less than $2.15 per person per day. This means many Nigerians cannot afford to purchase LPG due to its high cost. Therefore, they resort to alternatives, such as kerosene, firewood, or charcoal. There are two major implications to this. First, the heavy reliance on fossil fuels poses health and environmental risks through the release of toxic fumes into the atmosphere [7], [8]. Second, the use of firewood and charcoal has increased deforestation rates, contributing to climate change [9], [10]. 
Renewable energy and effective waste management offer a possible solution to Nigeria’s energy crisis. Renewable energy sources, including solar, wind, and biomass, are posited to potentially replace fossil fuels (coal, oil, and natural gas) as the primary sources of energy [1]. Presently, the exploration of biomass as a renewable energy source has continued to gain momentum, contributing to 50% of renewable energy sources globally [1]. This is no surprise, as biomass is naturally abundant compared to other renewable energy sources. They can be grouped into forestry (woody biomass) and agricultural crops or wastes from agriculture, industries, animals, and sewage (non-woody biomass) [1], [11], [12]. Due to the high heating value of woody biomass, it is the most attractive resource, with an estimated worldwide energy supply of 56 EJ [11]. Gliricidia Sepium wood is chosen for this study due to its high gross calorific value (GCV) [13] and abundance in South-West Nigeria. Despite its potential as a renewable energy source, its conversion to useful energy is not widely reported.  
The performance of a biomass material for energy generation doesn’t rely solely on its inherent properties; the selected conversion route also plays a crucial role [14]. Biomass is typically converted into energy via thermochemical (e.g., pyrolysis, torrefaction, and gasification) or biochemical processes (e.g., enzymatic hydrolysis, fermentation, and aerobic/anaerobic digestion) [1], [15]. Owing to their rapid reaction times and excellent conversion efficiency, thermochemical methods are typically more effective than biochemical methods [1]. Among all types of thermochemical methods, gasification offers the highest efficiency, produces lower NOx and SOx emissions, requires a smaller amount of oxygen, and operates at lower temperatures [16]. Reports show that it is capable of producing 5 kW of power for small to medium-sized gasifiers [17]. Three types of gasifiers are entrained flow, fluidized bed, and fixed bed gasifiers [1]. Fixed-bed gasifiers are preferable for small-scale gasification and are further divided into updraft and downdraft gasifiers. In an updraft gasifier, also known as a counter-current gasifier, the gasifying agent is introduced at the bottom of the vertical reactor vessel, while the biomass feedstock is introduced from the top [1]. It offers lower operational temperatures (200 to 400 °C), high thermal efficiency (40 to 70%), compatibility with various particle sizes (5 to 100 mm), and tolerance to moisture content (up to 60%) [1], [18]. 
Owing to the aforementioned merits, this study involved the design and construction of a small-scale updraft gasifier to convert Gliricidia Sepium wood into a combustible gas, also known as syngas. The syngas generated from this study can be used for cooking, transportation, power generation, or the production of biochemicals, such as lubricants or solvents [1], [18]. In developed countries, biomass conversion technologies are already established at industrial scales. However, in developing countries like Nigeria, there is a need for small and affordable biomass conversion systems that can be deployed at the domestic level. An updraft gasifier is a great choice due to its low construction cost, ease of use, and compatibility with various locally available biomass feedstocks. This study is relevant in Nigeria, where the high cost of cooking gas continues to burden households. Moreover, it provides new insights into the feasibility of Gliricidia Sepium wood, an abundant but underreported woody biomass. In addition to providing clean energy for cooking, this study presents a techno-economic analysis that provides insights into the viability of updraft gasifiers for domestic use in South-Western Nigeria. 
2. Methodology
2.1 Materials and equipment
The primary materials used in this study were the biomass feedstock and the materials used for constructing the updraft gasifier. 5 kg of dry Gliricidia Sepium wood was obtained from Ile-Ife, South-Western Nigeria. The woods were further dried in an oven for 2 hours at 60 ℃ to remove the remaining moisture content. They were then cut into sizes ranging from 6 to 20 mm and weighed into five batches of 1 kg. Gliricidia Sepium was selected for its high volatile matter content, as shown in Table 1. Table 2 outlines the materials used in constructing the updraft gasifier, while Table 3 details the equipment used during the gasification process.
Table 1. Ultimate analysis of Gliricidia Sepium [19].
	Properties
	Average composition

	Volatile matter
	73.14%

	Nitrogen
	0.48%

	Hydrogen
	2.85%

	Sulphur 
	0.03%

	Ash content
	1.28%

	Gross calorific value 
	19.55 MJ kg-1

	Density
	992.95 kg m-3



Table 2. Updraft gasifier construction materials.
	Material
	Gasifier component
	Rationale

	Mild steel
	Inner and outer fuel hoppers with an ash container
	Affordable, high tensile strength, and easy to fabricate [20].

	Galvanized iron
	Gas outlet pipe, air inlet pipe, grate, torus, and feeding/ignition ports.
	Affordable, durable, and anti-corrosive [20].

	Fiberglass 
	Insulator
	Poor thermal conductivity and non-flammable [21].



Table 3. Equipment employed for the gasification process. 
	Equipment
	Function

	Air blower
	Supplied airflow into the gasifier to support gasification and maintain the air-fuel ratio.

	Digital thermometer with thermocouples
	Measured the temperature at various gasifier zones.

	LCD digital anemometer
	Determined the flow rate of the air supplied by the blower into the gasifier.

	Kane 425 flue gas analyzer
	Provided the concentration of the syngas composition (CO and CO2 only)

	Weighing scale
	Measured the mass of the biomass feedstock and produced ash.

	Smart timer 
	Recorded the duration of the gasification process. 



2.2.1 Design calculations
Some assumptions were made in designing the updraft gasifier: the gasifier efficiency and rated power were taken to be 70% and 10 kW, respectively. Furthermore, the specific gasification rate (SGR) was chosen to be 84 . The fuel consumption rate (FCR) and reactor diameter were calculated using Equation (1) and (2) [22], [23]. The reactor height and gasifier operating time were computed via Equation (3) and (4) [22], [23]. 
                                                                                                                                (1)
                                                                                                                                      (2)
                                                                                                                                   (3)
                                                                                                                                      (4)
Where FCR is fuel consumption rate (), P is the rated power or thermal energy of the gasifier (), GCV represents the gross calorific value of Gliricidia Sepium (), and  stands for gasifier efficiency (%).  is the reactor diameter (), SGR equals specific gasification rate ), T is the gasifier operating time (), while  and  are the density of the fuel () and reactor volume (), respectively. 
The calculated value of the FCR was 2.63 , while it was 0.2  for the reactor diameter. The reactor height and gasifier operating time (from ignition to complete gasification of fuel in the reactor) were calculated to be 0.5  and 1.85 .
2.2.2 CAD Design
The design calculations obtained in the previous section were utilized to develop the CAD model of the updraft gasifier. This visual model aided the construction of the gasifier by ensuring the dimensional accuracy of the gasifier components and seamless assembly. Fig. 1 portrays the CAD models of the updraft gasifier. 
[image: ]
Figure 1. The updraft gasifier’s (a) Projection views, (b) Exploded view with part list, and (c) Isometric view.
2.2.3 Construction of the updraft gasifier
This process began with the cutting of two 2 mm-thick mild steel plates and folding them into the inner and outer fuel hoppers, which have diameters of 0.14 m and 0.2 m, respectively. To minimize energy loss during gasification, a 0.6 m-thick fiberglass layer was inserted between the inner and outer fuel hoppers. The height of the reactor is 0.5 m. The ash container was made from mild steel and had the same diameter as the reactor, with a height of 0.1 m, resulting in a total height of 0.6 m for the updraft gasifier. The grate was fabricated from 2 mm-thick galvanized iron with over twenty 11 mm holes for easy ash removal. It has the same diameter as the reactor, and one end is fixed to the bottom of the reactor with a hasp on the other end connecting to the side of the reactor. This helps facilitate the quick discharge of heavy ash into the removable ash container located below it. Similarly, the torus was fabricated from galvanized iron and welded to the inner fuel hopper around the grate. Twelve 2mm holes were drilled into it to enable the updraft of the compressed air into the inner fuel hopper. The feeding port at the top of the gasifier and the ignition port on the center side were both made from galvanized iron and have a diameter of 64 mm. The gas outlet and air inlet pipes were fabricated from galvanized iron. One end of the gas outlet pipe is welded to the lid of the fuel hopper. It is from this pipe that the syngas is obtained for further processing and application. The gas outlet pipe is shaped like a “7” with a height of 0.19 m and a width of 0.24 m. The gas flows through a diameter of 17 mm. The air inlet pipe is used to pass the compressed atmospheric air from the portable air blower to the torus. The diameter of the air inlet is 17 mm with a length of 0.137 m. The various stages of the updraft gasifier construction are depicted in Fig. 2. 
[image: A collage of several metal objects

AI-generated content may be incorrect.]
Figure 2. Stages of updraft gasifier construction showing (a) Reactor, (b) ignition port and vertical view of the reactor, (c) Reactor post insulation, (d) Welding of grate to reactor bottom, (e) Sealed reactor top with feedstock feeding port, drilled hole for gas outlet pipe, and ash container, and (f) completed updraft gasifier. 
2.3 Experimental procedure
The testing of the updraft gasifier was performed in a well-ventilated laboratory to ensure proper release of gases during operation and overall safety. Several test runs were conducted prior to the main test to evaluate the gasifier’s performance and identify areas requiring design modifications. Minor adjustments were then made to improve air distribution into the inner fuel hopper and minimize energy loss to the surroundings. 
The main tests were performed using 1 kg of Gliricidia Sepium wood split into two equal batches. The threaded feeding port was opened by turning anticlockwise, and 0.5 kg of feedstock was fed into the reactor. The port was then closed tightly. The thermocouples were then gently inserted into the gasifier zones, and the initial temperature was measured to ensure they were working correctly. Next, the air blower was connected to the gasifier air inlet via a nozzle. The reactor was lit via the ignition port, and the air blower was switched on after the feedstock in the reactor had been sufficiently ignited. The air velocities at the blower outlet and gasifier air inlet were measured using a digital anemometer and adjusted to the desired velocities. After approximately 10 minutes, the combustion zone temperature increased, indicating that the feedstock had fully ignited. The reactor was then opened, and the remaining 0.5 kg was introduced into the reactor and sealed air-tight using a wrench. 
Thick white smoke was observed emanating from the gas outlet pipe, and approximately 20 minutes later, combustible gases were released. A flexible hose was used to connect the gas outlet pipe to a cooling tank, lowering the temperature of the syngas. The syngas continued to burn with a steady blue flame for a long time, until no more combustible gases were emitted. Performance parameters, including operating time and temperature readings from the gasifier zones, were recorded throughout the process. After complete gasification, the char residue was released through the grate, left to cool, and then weighed to calculate the char yield and assess the efficiency of the fuel conversion. The gasifier was cleaned and allowed to cool completely before repeating the procedure for different feedstock sizes. Table 4 shows the operating parameters of the gasification process.
Table 4. Gasifier operating parameters.
	Parameters
	Values

	Start-up time ()
	1h 21mins

	Operating time ()
	0.5h

	Total operating time ()
	1hr 51mins

	Weight of wood
	1 kg

	Weight of char produced
	0.1 kg

	Air velocity at the gasifier air inlet
	1 

	Air velocity at blower outlet
	4.6 





3. Results and discussion
3.1. Updraft gasifier performance evaluation 
The results obtained were used to evaluate the performance of the gasifier, including gasifier efficiency, energy input, and power output. The performance results of the updraft gasifier are presented in Table 5. It is observed that the FCR is 
. Akhator et al. achieved an FCR of 1.25  when a downdraft gasifier was run on wood chips [24]. The FCR influences the power input/output of a gasifier. If it increases, the power input/output will increase and vice versa. The calculated power input and output were 
, respectively. Typically, the power output is less than the power input due to energy losses as the temperature increases; however, these losses were minimized by proper insulation of the reactor. In this study, the SGR was found to be 63.69 . Kumararaja et al. achieved an SGR of 75  using a downdraft gasifier and wood as feedstock [25]. Generally, wood has a lower SGR compared with other biomass [26]. For instance, in the study by Yin et al., rice husk gasification yielded an SGR of 960  in a circulating fluidized bed gasifier and 127  in a downdraft fixed bed gasifier [27]. The combustion zone rate is the ratio of the reactor length to operation time and was calculated to be . Heat energy input was determined to be 19.55 The thermal efficiency was assumed to be 70% based on design calculations and subsequently confirmed by the ratio of power input to power output. Gasifier efficiency was 81.6% as confirmed by previous studies, which reported gasifier efficiencies ranging between 70 to 90% [28], [29], [30]. The percentage char produced was 10%, suggesting the biomass feedstock was efficiently converted into gaseous products. Typically, a lower char yield indicates a higher degree of gasification and a more complete thermal breakdown of the fuel [31], [32].
Table 5. Performance summary of the constructed updraft gasifier.
	Parameters
	Values

	FCR
	

	SGR
	

	Combustion Zone Rate (CZR)
	 

	Heat Energy Input ()
	19.55 

	Power Input ()
	

	Power Output ()
	

	Thermal Efficiency ()  
	70%  

	Gasifier Efficiency (
	

	Percentage Char Produced
	10%




3.2 Updraft gasifier temperature profile
The temperature of the four reactor zones was measured using thermocouples for four different time frames: before and after ignition, when combustible gas was produced, and when it was depleted. The temperatures at the different zones (combustion, reduction, pyrolysis, and drying) of the gasifier were recorded and presented in Table 6. Fig. 3 shows the relationship between the temperatures of the four reactor zones with time. From the graph, it can be observed that the temperature of each reactor zone increased with time. In the drying zone, the moisture content of the wood samples dropped significantly due to the large amount of heat generated from the combustion zone. The temperature of the drying zone is typically about 100 to 200 °C [33], [34], but the drying zone temperature was as high as 256 °C because it took a longer time to remove the remaining moisture content of the dry wood.
From when combustible gases were produced, the temperature of the pyrolysis zone increased from 227 °C in the drying zone to 278 °C (and later 256 to 371 °C). This increase in temperature led to the breakdown of wood particles into volatile gases, char, and tar. The highest temperature recorded in the pyrolysis zone was 371 °C, aligning with the 200-500 °C range reported in literature [35], [36]. The reduction zone is located just above the combustion zone, with a temperature range of 26 to 436 °C. The char produced in the pyrolysis zone moved down to the reduction zone, where the unconverted carbon in the char reacted with carbon dioxide () produced by the combustion zone to give off combustible gas, carbon monoxide (CO). Tar cracking occurs in the reduction zone to reduce the tar content of the syngas. Hence, the reduction zone is important in producing combustible gases and improving the quality of syngas.
The combustion zone is where oxidation of the wood fuel occurs, and it has a temperature range of between 26 and 539 °C. In the combustion zone, the remaining char burnt fiercely under uniform air distribution, which led to the release of  and a large amount of heat. Hence, the temperature increased rapidly to 539 °C. The combustion zone plays a vital role in the gasification process as the heat released aids the reduction, pyrolysis, and drying processes.



Table 6. Gasifier temperature profile
                                                                              Temperature (
Time                Combustion zone        Reduction zone        Pyrolysis zone             Drying zone  
Start                               26                                26                            26                                 26
Ignition                          29	                                55                            109                              121
Combustible gas            353	                            320                           278                              227
Stop                               539                              436                           371                              256
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Fig. 3. Temperature variations of reactor zones with gasification time. 

3.2.1 Effect of temperature on syngas concentration
In this study, only the CO and  concentration of the syngas were measured. Fig. 4 shows the variation of CO and  concentration with temperature. The  concentration of the syngas remained at 3.7% throughout the gasification process, while the CO concentration increased with temperature. At 306 °C, the CO concentration increased to 12.32% but dropped to 9.08% at 320 °C. The additional air required to raise the gasification temperature after the pyrolysis reaction is essentially finished consumes the syngas’ combustible components and lowers their concentration [37]. This explains the decrease in CO concentration at 320 °C. However, as the temperature increased further, the concentration increased, reaching a peak value of 20.2% at 453 °C, which agrees well with the study by Amin et al. [38]. Large amounts of hydrogen, carbon monoxide, and small molecular hydrocarbons are produced during the secondary cracking of tar, increasing the concentration of combustible components in the syngas [39]. 
[image: ]
Fig. 4. Chart of CO and CO2 concentration at increasing temperature.
3.2.2 Effect of temperature on gasifier efficiency
Temperature plays a vital role in biomass gasification. The effect of temperature is evident on the system's efficiency. As the temperature increases, the higher heating value of the gas and subsequently the system efficiency increase. Besides, the temperature increase in the reactor increases the endothermic reaction of the gasification process. The total energy of the syngas then increases, resulting in an improvement in efficiency. Fig. 5 shows the relationship between gasifier efficiency and temperature. 
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Fig. 5. A graph of gasifier efficiency at rising temperatures. 
3.3 Effect of feedstock size
The first obvious effect of feedstock size on the gasification process is the start-up time. Gliricidia sepium wood samples with small sizes ranging from 6-8 mm gasified faster and produced combustible gas at about 19 minutes from ignition time. This test, however, used larger samples with sizes ranging from 16 to 20 mm. These samples took a longer time to gasify, with a start-up time of 81 minutes. The immediate effect of this on the gasification process is that, as the start-up time increases, the total operating time increases. Additionally, as the particle size increases, the temperature increases as the larger wood sizes release more heat. Fig. 6 shows the temperature profile of the varied wood sizes. It can be observed that the larger particle size had higher temperatures in all four zones. Fig. 7 shows the relationship between efficiency and particle sizes. The feedstock size did not appear to have any effect on the syngas composition. 
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Fig. 6. A plot of average feedstock size vs. temperature.
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Fig. 7. A plot of average feedstock size vs. thermal and gasifier efficiencies.
3.4 Char and tar composition
The char produced was measured, and the percentage char was calculated mathematically. The results of the experiment showed that the percentage char produced from gasification was 10% as confirmed by Qian et al. [40]. The tar content of syngas had high concentrations at lower temperatures, approximately 200 °C. As the temperature increased to above 350 °C, the concentration of tar decreased. The tertiary formation reactions are probably the main cause of the drop in tar concentration. Between 300 and 500 °C, the primary and secondary tars both break down, but the tertiary tar formation rises, leading to a slight overall drop in the concentration of total tar [40].
3.5 Techno-economic analysis of the updraft gasifier 
Due to the high cost of cooking gas in Nigeria, many homes are unable to afford electric cookers or hotplates because of the unstable electricity supply, resulting in an increased reliance on alternatives, such as firewood and charcoal. In 2018, these solid fuels accounted for 67.8% of primary energy consumption in Nigeria's cities and rural areas [41], [42], [43]. A rise in deforestation, greenhouse gas emissions, and indoor air pollution has all been caused by this circumstance. More than 83% of Nigerians did not have access to clean cooking fuels and technologies in 2021 [44], [45]. This rate is marginally higher than the 81.5% regional average for Sub-Saharan Africa [46]. Biomass gasifiers offer a viable alternative, converting abundant agricultural waste into a clean gas suitable for domestic use. However, obtaining both technical feasibility and economic viability is necessary for their broad adoption. Hence, the techno-economic prospects of small-scale gasifiers for Nigerian households, especially in the South-West, are assessed in this subsection. Table 7 and Table 8 provide the technical and economic viability of biomass gasifiers compared to liquified petroleum gas (LPG) cookers, respectively. The updraft gasifier uses agricultural residues to eliminate recurring fuel expenses, whereas the LPG cooker has high annual fuel and maintenance costs (₦210,000 and ₦7,000, respectively). As a result, the gasifier generates huge yearly savings of ₦210,000 and a quick payback period of roughly 0.37 years. Compared to LPG's ₦31.95/MJ, its significantly lower levelized cost of cooking (LCOC) of ₦0.82/MJ and net present value (NPV) of ₦976,447 over a seven-year period demonstrate strong economic viability. Furthermore, the gasifier offers more cooking energy (~20,000 MJ) per year, which makes it a more economical and environmentally friendly choice for urban and rural households with high LPG prices.





Table 7. Technical Assessment of LPG Cooker vs. Updraft Gasifier
	Parameter
	LPG
	Updraft gasifier
	Ref.

	Cost
	High
	Low
	[47]
	Energy efficiency
	70-90%
	60-80%
	[48][49]

	Emissions
	Low
	Low to moderate (depends on char/tar handling)
	
[50]

	Maintenance
	Low
	Moderate
	-



Table 8. Economic Feasibility of LPG Cooker vs. Updraft Gasifier 
	Fuel source
	Capital 
(₦)
	Annual maintenance (₦)
	Annual fuel cost (₦)
	Annual savings (₦)
	Payback (years)
	NPV 
(₦)
	LCOC (₦/MJ)
	Annual cooking energy (MJ)

	LPG cooker
	86,000
	7,000
	210,000
	0
	0
	0
	31.95
	7,344

	Updraft gasifier
	80,000
	0
	0
	210,000
	0.37
	976,447
	0.82
	~20,000



The following estimations/assumptions were made:
i. Average LPG refill price for a 12.5 kg cylinder - ₦14,000/kg (October 2025) [51]
ii. Average household LPG refills yearly – 12 
iii. Average cooking energy per kg for LPG – 13.6 kWh [52]
iv. Average cooking energy per kg for Gliricidia Sepium – 19.8 MJ/kg [53]
v. Average household wood gasified yearly – 1,000 kg
vi. Discount rate, r – 10%
vii. Economic lifetime, n – 7 years
Equations 5-8 [54] were used in calculating the following: 
Annual saving = (LPG Fuel + maintenance costs) – (Gasifier Fuel + maintenance costs)                  (5)
                                                                                                                  (6)
                                                                                            (7)
                                                  (8)
Where 

4. Conclusion
This study assessed the performance and economic feasibility of a small-scale updraft biomass gasifier for domestic use in South-West Nigeria. The gasifier achieved an impressive efficiency of 81.6% and a power output of 7.60 kW, sufficient for household cooking needs. The effect of temperature and feedstock size on the gasifier efficiency was investigated. It was observed that increasing the temperature increased the higher heating value of the gas and consequently its efficiency. Furthermore, the larger feedstock sizes (16-20 mm) took longer times to gasify and released more heat, resulting in higher temperature profiles across the four reactor zones and increased gasifier efficiency. The percentage char produced was 10%, indicating acceptable gas quality for domestic use. 
Economically, the updraft gasifier demonstrated strong viability with a deliverable cooking energy of ~20,000 MJ/year compared to 7,344 MJ/year for LPG cookers. Besides, its extremely low LCOC of ₦0.82/MJ, compared to ₦31.95/MJ for LPG cookers, showcases its cost efficiency. Based on these findings, locally made updraft gasifiers can offer Nigerians an affordable, eco-friendly, and energy-efficient alternative for cooking at home, particularly in the southwestern region, where there is an abundance of agricultural waste. 
Nevertheless, before this technology can be adopted on a large scale, tar mitigation, standardized fabrication, and user training should be prioritized to guarantee reliable operation and safety. Its adoption would be further improved by government clean energy policies, subsidies on gasifier prices, and awareness campaigns on clean and affordable energy. All things considered, the results of this study suggest that small-scale biomass gasifiers are a viable technology for achieving Nigeria's objectives in the clean energy transition.
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