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ABSTRACT: This study addressed the urgent requirement for efficient and sustainable cooking solutions in rural regions with 

restricted access to modern energy, where conventional biomass cooking practices result in environmental and health challenges. 

It investigates designing and developing a multifunctional double-cylinder biomass burner that utilizes wood, pellets, and coconut 

shells. The stove’s modular architecture, improved airflow regulation, and optimized combustion chamber are designed to 

promote fuel efficiency and diminish harmful emissions. Laboratory analysis of wood pellets indicates an average calorific value 

of 3136.45 calories, with stove efficiency recorded at 47%, surpassing many traditional biomass stoves. Air quality assessments 

verified acceptable pollutant concentrations, signifying efficient combustion. The research underscores the stove’s capacity to 

decrease fuel usage, diminish interior air pollution, and alleviate environmental deterioration, positioning it as a viable alternative 

for rural energy requirements. Nonetheless, there is potential for enhanced efficiency relative to sophisticated liquid fuel stoves. 

Future research should optimize stove design and investigate novel materials to improve performance and support global 

sustainable energy efforts.  
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I. INTRODUCTION 

The rapid growth in global energy demand, particularly in rural areas with limited access to modern energy infrastructure, has 

increased the urgency of developing affordable and sustainable energy alternatives. According to Jiang et al. (2024), traditional 

biomass remains the dominant energy source for cooking in many developing countries despite its environmental consequences. 

Narnaware and Panwar (2022) further emphasized that biomass-based energy systems have significant potential to support 

climate change mitigation while improving rural energy access. Likewise, Yunusa et al. (2023) explained that biomass cookstoves 

have become an important technological solution for enhancing clean cooking practices through improved combustion efficiency. 

Although LPG is widely available in urban areas, Hollands and Daly (2023) reported that access to clean cooking fuels remains 

limited in many remote regions, making biomass-based cooking technologies an essential alternative. Similarly, Khavari et al. 

(2023) demonstrated that geographical disparities continue to hinder access to clean cooking technologies, particularly in Sub-

Saharan Africa. Biomass is considered one of the most promising renewable energy resources because of its widespread 

availability and compatibility with agricultural and forestry residues. Venkatraman et al. (2024) highlighted that agricultural 

residues and woody biomass can provide sustainable energy while reducing dependence on fossil fuels. Furthermore, Zhang 

(2022) argued that accelerating the transition toward clean cooking requires technological innovation supported by appropriate 

policies and community engagement. 

Traditional cooking systems commonly used in rural households still rely on open fires or inefficient stoves with poor 

combustion performance. Jiang et al. (2024) reported that incomplete biomass combustion produces substantial quantities of 

particulate matter and gaseous pollutants that degrade environmental quality. Similarly, Mir et al. (2024) found that black carbon 

emissions from biomass combustion significantly contribute to climate change and deteriorating air quality. Venkatraman et al. 

(2024) also explained that biomass combustion releases hazardous compounds, including polycyclic aromatic hydrocarbons 

(PAHs), which pose serious risks to human health. In addition, Onah et al. (2021) observed that households using traditional 

biomass stoves experience greater exposure to indoor air pollution than those adopting improved cookstoves. Supporting this 

finding, Abokyi et al. (2024) showed that the transition toward cleaner cooking fuels substantially improves household health 
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outcomes. Moreover, Islam et al. (2021) demonstrated through long-term field measurements that traditional biomass stoves 

generate considerably higher pollutant emissions than cleaner cooking technologies. 

Improved biomass cookstoves have been developed to overcome the limitations of traditional cooking systems by increasing 

combustion efficiency and reducing harmful emissions. Yunusa et al. (2023) explained that recent biomass cookstove designs 

incorporate advanced combustion chambers and improved air supply systems to maximize thermal efficiency. Field evaluations 

conducted by Wathore et al. (2023) confirmed that optimized biomass cookstoves significantly reduce fuel consumption while 

improving cooking performance under real household conditions. Likewise, Himanshu et al. (2022) demonstrated experimentally 

that gasifier biomass stoves fueled by biomass pellets achieve higher thermal efficiency than conventional biomass stoves. 

Regarding fuel characteristics, Ismail et al. (2025) reported that biomass pellets possess superior thermal properties because of 

their high density and low moisture content. Similarly, Kumar et al. (2022) found that biomass pellets manufactured from 

agricultural residues provide stable combustion and higher calorific values. Mencarelli et al. (2022) further concluded that biomass 

briquettes and pellets are suitable fuels for domestic heating and cooking applications because of their consistent energy 

performance. 

Beyond environmental improvements, biomass cookstoves also provide significant socioeconomic benefits. Manaye et al. 

(2022) found that improved biomass cookstoves substantially reduce fuelwood consumption and carbon emissions while 

decreasing the burden of fuel collection for rural households. Furthermore, Mperejekumana et al. (2024) emphasized that 

sustainable household cooking systems contribute not only to energy security but also to poverty reduction and rural 

development. From a climate perspective, Kavindi et al. (2025) demonstrated that biomass-based energy technologies can 

effectively reduce greenhouse gas emissions through sustainable biomass utilization. Likewise, Wang et al. (2022) concluded that 

biomass conversion technologies support environmental sustainability when evaluated using life-cycle assessment approaches. In 

addition, Hollands and Daly (2023) highlighted that expanding access to clean cooking technologies is essential for simultaneously 

achieving energy access and climate mitigation goals, while Khavari et al. (2023) and Zhang (2022) emphasized the importance of 

integrating technological innovation, public policy, and community participation to accelerate the transition toward clean cooking 

systems. 

This study therefore focuses on designing and evaluating a multi-fuel biomass cookstove capable of utilizing firewood, biomass 

pellets, and coconut shells efficiently. Irro et al. (2024) demonstrated that appropriate stove design, particularly thermal mass 

optimization, can significantly reduce biomass fuel consumption. Furthermore, Yu et al. (2022) recommended improving biomass 

conversion efficiency to maximize energy utilization while minimizing environmental impacts. The field evaluation conducted by 

Wathore et al. (2023) also confirmed that optimizing airflow and combustion conditions substantially enhances stove performance 

under actual operating conditions. In addition, Narnaware and Panwar (2022) argued that the development of efficient biomass 

technologies is essential for supporting sustainable rural energy systems and reducing dependence on conventional fossil fuels. 

 

II. METHOD 

This study was conducted at the Food Technology and Process Research Center, National Research and Innovation Agency, 

located at JL. Jogja-Wonosari, km 31, 5. Kec. Playen, 174 WNO, Gading II, Gading, Playen, Gunungkidul Regency, Special Region of 

Yogyakarta 55861. 

A. Design Procces 

As shown in Figure 1, the stove design prioritizes modularity and adaptability for many fuel types, including wood, pellets, and 

coconut shells. This modular design enables users to swap components or modify the stove based on the available fuel type, 

ensuring optimal efficiency across diverse conditions. A prominent characteristic of this stove is its meticulously engineered airflow 

management. The airflow control system allows users to modify combustion intensity as required, providing efficient and stable 

fuel combustion. The fuel delivery mechanism is engineered for ease of operation, facilitating the seamless fuel addition without 

interrupting the combustion process. The geometry of the combustion chamber is a crucial aspect of this design. A specially 

engineered combustion chamber facilitates even heat distribution, enhancing thermal efficiency and minimizing pollutants. This 

configuration facilitates excellent air movement, promoting the complete combustion of various fuel types employed. 

http://www.ijmra.in/
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Figure 1. Exploded View and 3D Representation of a Modular Stove Design 

 

(1. Ring stove, 2. Stove mount, 3. Blower DC, 4. Air vents for fire direction, 5. Blower funnel to stove, 6. Hinge locking bolts, 7. 

Large tubes, 8. Ring in tube, 9. Hinge mount, 10. Stove door cover circle, 11. Small tube pipe for container to large inner tube, 12. 

Door hinges, 13. Small Tube, 14. Stove opener, 15. Lower tube bottom loop ring, 16. Stove lock nature, 17. Large tube holder base, 

18. Stove hinge lock, 19. Stove stand legs, 20. Funnel for inserting fuel). 

B. Instrument utilized 

The equipment used in the design is a solid work application. The equipment used in the manufacturing process consists of 

Mitutoyo IP/67 Caliper, Lakoni Falcon 120E Interver 900 Watt Brand Electric Welding Machine, Gweike 3015 LN Laser Machine, 

Makita 4 inch Hand Grinding Machine, and KRISBOW/DRILL PRESS 13 x 350 mm DD1335CA 10063883. The instrument 

performance measurement apparatus comprises a Casio HS-3 (V) stopwatch and a Fluke 59 max infrared thermometer. Emission 

evaluation was measured using the Bosean TZ01 CO2 CO PM2.5 HCHO TVOC Monitor T-Z01 Air Quality Detector. 

C. Materials Selection 

The primary components of this stove consist of two utilized freon tubes, R410A and R32, with diameters of 245 mm and 193 

mm, respectively. After its formation, the little tube sits within the giant tube. To ensure adequate airflow in the combustion 

chamber, the wall of the tiny tube features 42 uniformly distributed apertures, each with a diameter of 3 mm. This appliance 

features a Fan Stove Deck WGFJ-G006 220V AC to control the combustion chamber fire size, with specifications of Voltage: 220V 

± 10%, 50Hz, Rated Power 25W, Current 0.14A, Rotation Speed 2850 r/min, and Insulation Grade B. The additional components 

include a 2 mm iron plate measuring 1000x1000 cm for the bottom stove ring, a 3-inch iron pipe, a 4-inch iron pipe, two M13 bolts 

and nuts, 15 cm long M12 bolts, and a 4 mm iron plate measuring 1000 x 1000 cm for door handles, hinges, stove holders, stove 

legs, and stove front washers. The materials used for the performance evaluation of the stove consist of wood pellets, water, and 

benzoic acid (for calibration and titration solution). 

 

III. PERFORMANCE EVALUATION 

A. Measuring the calorific value of wood pellets 

The calorific value of wood pellets is determined using a bomb calorimeter. The combustion occurs in an enclosed space filled 

with pure oxygen. As the pellets combust, the adjacent water will absorb the generated heat. The released heat signifies the 

energy per unit mass contained in the pellet, computed using the subsequent empirical formula: Q = m x c x ΔT, where Q represents 

the energy released, m denotes the mass of water, c signifies the specific heat capacity of water, and ΔT indicates the temperature 

change. The test was carried out three times. 

B. Measuring the performance of the designed stove 

The furnace performance testing emphasises several critical parameters: stove efficiency, steam production, heat requirements 

for steam generation, fuel consumption rate, and emissions produced. Comparing the energy that the fuel provides to the energy 

that the working fluid absorbs as steam yields an efficiency rating. The steam production rate is calculated by dividing the quantity 

of steam generated by the duration under defined operating circumstances. The energy necessary to raise the water’s 

temperature to its boiling point and the energy required for its evaporation determine the heat required to produce steam. The 

fuel consumption rate is established by quantifying the fuel utilised per unit of time throughout the combustion process. The 

examination was conducted three times. 

http://www.ijmra.in/
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C. Emission evaluation 

Emissions generated are analyzed using Air Quality Detector, to detect Temperature (oC), relative humidity (%RH), 

formaldehyde concentration, (HCHO, mg/m³), the concentration of fine particulate matter with a diameter of 2.5 micrometers or 

smaller (PM2.5 (µg/m3), Total Volatile Organic Compounds (TVOC, mg/m3), Carbon monoxide concentration (CO (ppm), Carbon 

dioxide concentration (CO2 (ppm) and Air Quality Index (AQI) which gives an overall assessment of air quality. 

 

IV. RESULTS AND DISCUSSION 

This section presents the research results that include the design stages up to the fabrication of the dual-cylinder biomass 

stove prototype, as well as its performance evaluation through tests of fuel calorific value, stove thermal efficiency, fuel 

consumption, steam production rate, and emission quality. 

                                    
Figure 2. Double Cylinder Biomass Stove Manufacturing Stages: From Technical Design to Prototype. 

 

Figure 2. illustrates the stages involved in manufacturing a double cylinder biomass stove, starting from the technical design 

and progressing to the creation of a physical prototype. The designed double cylinder biomass stove has overall dimensions, height 

460.99 mm, width 648.47 mm, and weight 16 kg. The process begins with presenting an exploded view of the technical drawing, 

detailing individual components such as the combustion chamber, ventilation systems, doors, and other mechanical parts. This 

stage involves designing and specifying the parts that will later be assembled. In the next stage, the 3D assembly of the double 

cylinder biomass stove brings the components together into a complete 3D model. This step ensures that all parts fit correctly and 

allows for the identification of any potential issues in the assembly process before proceeding to production. Finally, the physical 

prototype represents the entirely manufactured stove based on the earlier designs. This prototype is used for practical testing to 

assess the stove’s functionality and to make any necessary adjustments before moving into full-scale production. The image 

highlights the seamless transition from conceptual design to a tangible product, emphasizing the importance of each phase in 

ensuring the double cylinder biomass stove's effectiveness and durability. 

 

Table 1. Calorific Value of Wood Pellets 

Parameters Trial Unit 

1 2 3 

Sample Weight 1.0244 1.0343 1.0265 g 

Titration Settings 1.0000 1.0000 1.0000 Cal/ml 

Wire settings 2.3000 2.3000 2.3000 Cal/cm 

Titration Volume 4.5000 4.5000 5.1000 ml 

Length of Burnt Wire 6.4000 7.1000 10.0000 cm 

(W) Benzoic Acid 2443.9900 2443.9900 2443.9900 Cal 

r1   0.0200 0.0640 0.0280 oC/min 

T 1.3160 1.3232 1.3492 oC 

tx60% 0.7896 0.7939 0.8095 oC 

Horizontal Line 26.7696 26.3539 26.0495 oC 

e1 4.5000 4.5000 5.1000 Cal 

e2 0.0000 0.0000 0.0000 Cal 

e3 14.7200 16.3300 23.0000 Cal 

Calorie Value Sample 3119.9204 3105.5045 3183.9306 Cal 
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Table 1. presents the results of a laboratory experiment to determine the calorific value of wood pellets using a bomb 

calorimeter. The experiment involved multiple trials, each with different sample weights and titration settings. The data collected 

in each trial includes the sample weight, titration settings, wire settings, titration volume, length of burnt wire, calorific value of 

benzoic acid, cooling rate (r), temperature rise (t), temperature at 60% of rise (tx60%), horizontal line, and heat absorbed by the 

calorimeter (e1), heat lost to the surroundings (e2), and heat released by the sample (e3). 

By analyzing these data, the calorific value of the wood pellet samples can be calculated. The results show that the calorific value 

of the wood pellets varies slightly between trials, ranging from 3105.5045 to 3183.9306 calories. The average calorific value of the 

wood pellets is 3136.4532 calories. The variation in the calorific values of the wood pellet samples is primarily due to differences 

in moisture content. Even small variations in moisture content can significantly impact the measured calorific value, as higher 

moisture levels reduce the energy output. This happens because some of the energy is consumed to evaporate the moisture 

during combustion (Islam et al., 2021; Irro et al., 2024). Consequently, when the moisture content varies slightly between samples, 

the measured calorific values also differ. Additionally, the inhomogeneity of the wood pellets can play a role in this variation. 

Wood pellets may not always have a uniform composition, with differences in the type and proportion of wood species, binder 

materials, or pellet density influencing the energy output; samples with denser wood particles may produce higher energy output 

(Manave et al., 2022). Furthermore, variations in the efficiency of the combustion process across trials can contribute to 

differences in results. Factors such as oxygen flow and temperature control during testing can impact how completely the pellets 

burn, thereby affecting the measured energy release (Kavindi et al., 2025; Wang et al., 2022). Together, these factors contribute 

to the observed variation in calorific values between trials. 

 

Table 2. Double cylinder biomass stove test measurement and analysis data 

 
 

Table 2. presents the measurement data from the stove test performance, together with the calculated results for stove 

efficiency, steam output, the heat required for steam generation, and the determination of fuel consumption rate. The stove test 

results indicate an efficiency of 47%, meaning that less than half of the energy from the fuel is effectively utilized to produce 

steam, with the remainder lost due to inefficiencies. The steam production rate is 3.05 kg/h, a key factor in determining the stove’s 

capability to convert fuel energy into usable steam for industrial or residential purposes. The heat output associated with steam 

production is 7,352 kcal/h, reflecting the amount of energy transferred into generating steam. The fuel consumption, at 6.21 kg/h, 

is relatively high given the efficiency, suggesting that a large amount of fuel is being used without converting most of it into usable 

energy. 

The stove test result of 47% efficiency compares favorably with several previous studies on stove efficiencies. Conventional 

stoves using Eucalyptus wood as fuel showed a thermal efficiency of 15.17%, which is significantly lower than the 47% reported. 

In contrast, improved biomass stoves, such as an integrated rice parboiling stove (IRPS), initially had an efficiency of 29%, which 

increased to 46% after the addition of a heat exchanger extension. This is very close to the 47% efficiency mentioned, suggesting 

similar performance levels. Biomass cookstoves designed for community cooking exhibited a thermal efficiency of approximately 

36.38%, which is lower than the stove’s efficiency reported, indicating that the tested stove outperforms these community designs 

(Suresh et al., 2016). 
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 Charcoal stoves tested had thermal efficiencies ranging from 38.7% to 47.5%, with the 47% efficiency falling within this range, 

showing that the stove in question performs comparably to the best-performing charcoal stoves. In comparison, natural-draft 

semi-gasifier stoves had a maximum measured efficiency of 42%, slightly lower than the 47%, indicating the tested stove has 

better performance. However, kerosene pressure stoves with porous radiant inserts exhibited higher efficiencies, ranging from 

55% to 62%, which outperforms the 47% efficiency. This suggests that while the stove in question performs well compared to 

many biomass and charcoal stove designs, it is still outmatched by certain liquid fuel stoves with specialized efficiency-boosting 

features. Referring to the rate of fuel utilization, stoves using wood pellet fuel at 6.21 kg/hour will be most effective in several 

applications, including hybrid heating systems (Martinez-Gomez et al., 2016). 

 
Figure 3. Air Quality Measurement Using BOSEAN Detection Equipment 

 

Figure 3. shows results of an air quality measurement. The formaldehyde (HCHO) level is at 0.042 mg/m3, which is well within 

the safe limit for indoor spaces, generally considered safe under 0.1 mg/m3. The PM2.5 concentration is 26 µg/m3, indicating a 

good air quality level, as it falls below the typical threshold of 50 µg/m3, which marks the transition to moderate air quality. For 

TVOC (Total Volatile Organic Compounds), the reading is 0.286 mg/m3, suggesting that the level of organic chemical vapors is low 

and within safe limits, as values under 0.3 mg/m3 are generally considered good. 

The carbon monoxide (CO) concentration is 4 ppm, a safe level well below the indoor safety threshold of around 9 ppm for 

prolonged exposure. Additionally, the CO2 reading is at 487 ppm, indicating proper ventilation as it falls within the ideal indoor 

range of 400-1.000 ppm. The overall Air Quality Index (AQI) stands at 18, categorized as “Good”, which means the air is clean and 

suitable for breathing for most individuals. 

The device also records a temperature of 26oC, providing a comfortable indoor climate, along with a relative humidity of 67%, 

which, though slightly high, still lies within a range that many people find comfortable (ideally between 40% and 60%). Overall, 

the measurements suggest that the indoor environment is healthy and conducive for regular activities. 

 

V. CONCLUSIONS 

The comprehensive examination of the double cylinder biomass stove manufacturing process, from design to prototype, 

reveals a meticulous approach ensuring functionality and durability in the final product. The stages illustrated in the technical 

drawings and 3D models are critical in addressing potential issues early in the design phase, thereby streamlining the transition to 

production. Laboratory experiments on the calorific value of wood pellets further underscore the importance of material 

characteristics such as moisture content and pellet density on energy output. These findings are crucial for optimizing stove design 

to enhance energy efficiency. 

The stove test results highlight a moderate efficiency of 47%, which, although superior to several conventional and community 

stove models, still lags behind more advanced liquid fuel stoves. This suggests potential areas for improvement in design and 

material utilization to enhance efficiency. Additionally, the air quality measurements from the stove’s use confirm its 

environmental safety, with all pollutants within safe limits, indicating effective combustion and ventilation systems. 

This study not only advances our understanding of double cylinder biomass stove manufacturing and performance but also 

demonstrates the critical role of precise material and design choices in achieving high efficiency and environmental compliance. 

Future efforts should focus on refining stove designs and exploring innovative materials that could further elevate efficiency and 

reduce emissions, aligning with sustainable energy goals. 
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