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ABSTRACT 
 
Aluminum waste is a challenging material to manage due to its high production rate from 
households and industries. This study aims to repurpose aluminum waste into hydrogen gas, 
which can serve as an alternative fuel for gas stoves. Direct disposal of aluminum waste can lead 
to environmental damage; hence, this project focuses on developing a system that dissolves 
aluminum using sodium hydroxide (NaOH) to produce hydrogen gas in a tube reactor. This 
hydrogen is then used as stove fuel. The comparison between aluminum-fueled hydrogen and 
conventional fuels, such as Pertalite and LPG, suggests that aluminum waste has potential as a 
cost-effective fuel source. For instance, one liter of Pertalite at Rp. 10,000 powers a motorbike for 
approximately 30 km, translating to Rp. 1,428 for a similar distance with aluminum-derived fuel. 
A 3 kg LPG cylinder costs around Rp. 24,000 and provides 10 hours of fuel, whereas hydrogen 
produced from aluminum can be cheaper if sourced from waste. Additionally, this design 
incorporates a refillable reactor that sustains hydrogen supply during combustion, ensuring 
consistent stove operation. The system is portable, safe, and offers high mobility, making it 
practical for various applications. This approach not only reduces aluminum waste but also 
presents an affordable alternative fuel solution, enhancing environmental sustainability. 
 

Keywords: Aluminum Waste Management, Hydrogen Production, Alternative Fuel, Portable Hydrogen 

Reactor, Renewable Energi 
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INTRODUCTION 

Currently, the primary global energy 

sources are fossil fuels, specifically natural 

gas, petroleum, and coal [1]. These fossil 

fuels originate from the decomposition of 

organic remains of plants and animals, a 

process that takes thousands to millions of 

years [2]. As such, fossil fuels are non-

renewable and vulnerable to depletion [3]. In 

Indonesia, the demand for liquefied 

petroleum gas (LPG) continues to increase, 

thereby driving overall fuel demand 

upwards [4]. With economic growth across 

various sectors, such as industry, 

households, commerce, and transportation, 

as well as population growth, the country’s 

energy needs are steadily rising [5].  

According to Indonesia’s Ministry of 

Energy and Mineral Resources (ESDM), 

national oil reserves are projected to last 

only about 9.5 more years, with natural gas 

reserves estimated to be depleted in the next 

19.9 years if no new reserves are discovered 

[6]. Additionally, fossil fuel consumption 

results in significant carbon dioxide 

emissions, which have been a major 

contributor to climate change [7]. Data 

indicates that carbon dioxide emissions have 

driven climate change significantly from 

1750 to 2005 [8]. In response to these 

challenges, the Indonesian government has 

set a target to increase renewable energy use 

to 23% by 2025 and 31% by 2050, as 

outlined in Government Regulation No. 79 of 

2014 concerning the National Energy Policy 

(KEN) [9].  However, the country’s 

renewable energy utilization remains slow, 

with only around 11.31% realized in 2020 

[10]. Consequently, developing renewable 

energy solutions has become crucial to 

ensure a sustainable energy future for 

Indonesia. 

Aluminum waste presents a promising 

opportunity as an alternative energy source 

due to its unique properties: it is easily 

molded, has excellent thermal conductivity, 

is lighter than steel, and can be recycled into 

renewable energy [11][12]. In this context, 

aluminum waste demonstrates significant 

potential as an alternative energy source 

[13]. When processed with a base catalyst 

(NaOH) and mixed with water, aluminum 

waste can produce hydrogen gas, a 

renewable and environmentally friendly 

energy source [14]. This hydrogen gas can be 

used for various applications, including as 

fuel for stoves [15]. This hydrogen gas can be 

harnessed as fuel, including for gas stoves 

[15]. Studies also estimate that the global 

surplus of aluminum waste will reach 5.4 

million tons by 2030 and 8.7 million tons by 

2040 if current sorting and recycling 

methods are not improved [16]. This 

emphasizes the need for innovative 

approaches to aluminum waste management 

to both mitigate the surplus and harness its 

potential as a renewable energy source. 

This study aims to develop an aluminum 

waste-fueled stove, comprising several 

components: a hydrogen-generating reactor, 

a storage tank, and a stove unit compatible 

with conventional LPG stoves. Through this 
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development, the goal is to provide a 

practical solution for reducing dependency 

on fossil fuels while supporting Indonesia’s 

renewable energy targets in line with 

national energy policies. Thus, this 

innovation is expected to contribute to the 

provision of a more environmentally friendly 

and sustainable energy alternative. 

 

RESEARCH METHOD 

Research Methodology 

This research employs a design and 

build research framework, focusing on 

developing an aluminum waste-fueled stove 

prototype. The design process utilizes the 

approach outlined by Pahl and Beitz, aiming 

to create a functional product that meets 

user needs, as described in Engineering 

Design: A Systematic Approach [17]. This 

method involves four main stages: 

The Pahl and Beitz design method 

consists of 4 activities or phases, each 

consisting of several steps. The four phases 

are: 

1. Planning and Task Clarification: 

Identifying design requirements and 

defining tasks for developing the 

aluminum waste-fueled stove. This 

phase includes analyzing the problem, 

with a primary focus on fuel efficiency 

and user safety. 

2. Product Concept Design: Developing 

and evaluating multiple conceptual 

alternatives. This phase establishes 

desired specifications by selecting the 

design that best fulfills functional and 

safety requirements. 

3. Embodiment Design: Detailing the 

physical form and main components, 

including material selection and 

structural optimization. Initial 

sketches, both manual and CAD-based, 

are created to visualize the prototype. 

4. Detailed Design: Creating technical 

drawings and specifications, with 

specific attention to calculations, 

material selection, and technical details 

that ensure functionality and safety. 

The final prototype is then tested to 

verify its performance aligns with the 

established standards. 

These four stages are further illustrated 

in the Research Methodology Flowchart

 

Figure 1. Research methodology flowchart 

(Source: Created by Pahl and Beitz [17]). 

 

Research Sample 

The aluminum waste-fueled stove 

prototype serves as the primary test object 

in this research. The testing focuses on 

product characteristics, particularly 

combustion performance and operational 

safety. Aluminum waste, used as the primary 
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fuel, serves as the main variable to test the 

stove’s combustion efficiency and durability. 

Data Collection 

Collected data includes: 

1. Fuel Composition: Aluminum waste is 

combined with other substances to 

enhance combustion performance. 

2. Combustion Duration: Burn time is 

measured using a stopwatch to 

evaluate fuel efficiency. 

3. Operating Pressure: Pressure is 

monitored using a gauge to ensure the 

system operates at safe and optimal 

levels. 

4. Flame Characteristics: The intensity 

and stability of the flame are observed 

and recorded under working 

conditions. 

Data is gathered through a series of 

trials in a laboratory setting and is analyzed 

quantitatively to assess product 

performance. 

Tools and Instruments 

The primary tools in this research 

include: 

1. Welded Reactor: Reactor components 

are welded to prevent leakage, given 

hydrogen’s light and volatile 

properties. 

2. Pressure Gauge: Equipped with a 

manometer to monitor pressure within 

the reactor. 

3. Storage Tank: Designed with an outlet 

to safely contain fuel. 

4. Burner: The burner component is 

designed to ensure a stable flame, with 

ignition performed after optimal 

pressure is achieved by adding water 

and NaOH to the reactor. 

To ensure safety, all joints are 

thoroughly inspected to confirm there are no 

gaps or leaks that could affect operating 

pressure. 

Research Flowchart 

Figure 3 shows the research flowchart, 

detailing the process from design to final 

testing. This process includes: 

1. Initial Design – Creating design 

sketches, either manually or with CAD 

software. 

2. Assembly of Tools and Materials – 

Preparing materials and welding 

reactor components to avoid leaks. 

3. System Testing – Connecting the 

prototype to the burner and activating 

the aluminum fuel in the reactor with a 

mixture of water and NaOH until 

optimal pressure is reached. 

4. Data Collection – Systematically 

recording data on fuel composition, 

burn duration, pressure, and flame 

output. 

Input & Output Flow Diagram 

Figure 4 illustrates the input-output 

process, detailing the transformation of 

aluminum waste into hydrogen gas for 

practical applications. 
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Concept Design 

 

 

 

 

 

 

 

 

 

Figure 2. Input and output diagram 

(Source: Created by author) 

 

Research Tools and Materials 

This research utilized the following 

equipment: welding machine, drilling 

machine, hand grinder, mechanical caddy 

tool, aluminum waste material, water, NaOH, 

iron pipe, angle iron (4x4 cm), pipe cap, 

elbow, hose, empty refrigerant tube, stop 

valve, one-way valve, stainless steel clamp, 

burner, pressure gauge, and regulator. 

 

RESULT AND DISCUSSION 

Previous Tool Specifications 

From the previous researcher's design 

[18], entitled "Design of an aluminum foil 

reactor for hydrogen gas as an alternative 

energy source". 

The following are the specifications of 

the previous equipment: 

1. Reactor 

2. Storage tube 

3. Burner/stove 

 

 

Identify Previous Equipment Problems 

From the specifications of previous tools 

or tools that have been designed previously, 

the following problems were found: 

1. From previous research only designed a 

reactor that is large and not easy to carry 

and requires a large area [19]. 

Dimensions of 70 cm x 60 cm indicate 

less portable or not easy to move or 

carry. 

2. The reactor design is less able to refill 

and dispose of the remaining residue of 

the chemical reaction process, Thus, the 

product is less environmentally friendly 

[20]. 

3. Installations that are not easy to refill, or 

are difficult to fill or make gas Thus, the 

product becomes inefficient [21]. 

4. The chemical process uses KOH, which is 

sometimes rarely available on the 

market compared to NaOH. According to 

[22], the availability of raw materials is a 

preventive measure against shortages 

that could disrupt the production 

process.   

5. There are no pressure gauges on the 

reactor and tubes, as a control and safety. 

Whereas safety is one of the main factors 

of consumer trust in the product [23]. 

From the existing design, the next step is 

to determine the solution principles to be 

used next. 

 

Input waste 
alumunium 

STOVE 
ASSY 

Output Utilization 
of Heat Energy 

utilization of 
aluminum waste 

into hydrogen 

Renewable 
energy 

Reduce exhaust 
emissions and 
air pollution 

ALUMINIUM WASTE FUEL STOVE 

Tool innovation plan/ 
Product Engineering 
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Figure 3. Design drawings of the tool and 

its installation (Sources: Created by author) 

Design of aluminum fuel stove 

component parts: 

1. Reactor 

2. Drain 

3. Top cover 

4. Pressure gauge 

5. Stop valve 

6. One-way valve 

7. Hose 

8. Stop valve on storage tank 

9. Pressure gauge on storage tank 

10. Hose 

11. Storage tube 

12. Stove regulator 

13. Burner/Furnace 

Table 1. Image caption 3 components and 

materials 

No Name Amount Material Note 

1 Reaktor 1 
Iron pipe and 

iron flange 
 

2 Drain 1 

Galvanized 

iron elbow & 

cap 

 

3 
Top 

cover 
1 

Galvanized 

iron cap 
 

4 
Pressur

e gauge 
2 Iron 

0-6 

bar 

5 
Stop 

valve 
2 Brass  

6 

One-

way 

valve 

1 Iron  

No Name Amount Material Note 

7 Hose 1 Rubber 
20 

bar 

8 

Stop 

valve 

on 

storage 

tank 

1 Brass  

9 

Pressu

re 

gauge 

storag

e tube 

2 Iron 
0-6 

bar 

10 Hose 1 Rubber 
20 

bar 

11 
Storage 

tube 
1 Iron plate  

12 

Stove 

regulat

or 

1 Iron  

13 
Burner/

furnace 
1 Brass  

14 Klem 12 
Stainless 

steel 
 

 

Table 2. Stove specifications 

No Name Note 

1 Stove Making Materials   
 Reaktor stpg iron pipe 
 Drain Iron 
 Top Cover Iron 
 Pressure gauge Iron 
 Stop Valve Brass 
 One-way valve Brass 

  Hose Fibrous rubber 

  Storage tube 1 mm iron plate 

  Regulator stove Iron 

  Burnner/Furnace Brass 

  Clamp Stainless steel 

  
Brackets to hold the 

reactor and tubes 

4cmx4cm angle 

iron 

2 Dimension Stove  

  Reaktor 
ø 8 cm , h = 21 

cm 

  Drain 2,5 cm 

  Top cover 5 cm 

  Pressure gauge 4 cm 

  Stop Valve 1/4" /0,63 cm 

  One-way valve 1/4" /0,63 cm 

  Hose/Hose asetilin in 0,6-1,3 cm 

  Storage tube 
ø 23 cm, h = 32 

cm 

  Regulator Stove ø 6cm x 6 cm 

  Burner/Furnace ø 6cm x 10 cm 

  Clamp 
0, 63 cm - 2,54 

cm 
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Brackets to hold the 

reactor and tubes 

30cmx44cmx42c

m 

 

3 Fuel  

 Aluminium  Waste al 

 Water 300 ml 

 NaoH Customized 

4 Flame   

  The resulting flame white 

  Maximum pressure 4,88 bar 

  

Maximum temperature 

(°C) 1050°C 

 

Finding Solution Principles 

After finding the shortcomings of the 

previous tool, the next step is to look for 

solutions to existing problems so that 

further development can be carried out. 

CONCEPT DESIGN 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Flowchart of design concept for 

stove using aluminum waste fuel 

(Sources: Created by author) 

Tool Development and Design 

1. The dimensions are designed to be 

smaller so that it is easy to carry, while 

still being safe to use. With a portable 

design, production costs can be reduced 

[24]. 

2. The reactor design is designed so that it 

can be opened and closed and disposed 

of when the process is complete but can 

be refilled so that the hydrogen gas 

production process can continue, Thus, it 

can make the consumers more 

comfortable in using it [25]. 

3. The installation is made so that the flow 

entering the tube can be removed or 

closed so that it can create a reaction or 

reprocess the gas without disrupting the 

ongoing process of filling or making gas. 

4. The chemical process uses NaOH which 

is widely available on the market. 

5. The cylinder design in figure 3 is 

equipped with a pressure gauge (4), stop 

valve (5), and one-way valve (6).  

The dimensions of the reactor and 

storage tube are combined in one bracket 

measuring 30 cm x 44 cm x 42 cm. while the 

burner is outside the bracket for easy use. 

The reactor when separated has a diameter 

of 8 cm, a total height of 21 cm, a cover of 5 

cm, and a drain of 2.5 cm. Hydrogen storage 

tank diameter 23 cm, height 32 cm, equipped 

with pressure gauge, ¼” stop valve. The hose 

or hose uses an acetylene welding hose that 

has a pressure size of 20 bar/2 Mpa, 6-13 

mm, ISO 3821. 
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Evaluation of Technical and Economic 

Sides 

 Technical Review: 

1. It is hoped that the designed device 

will produce hydrogen gas faster due 

to the addition of a cap, drain, and 

valve, along with a portable design 

that increases its flexibility [26]. 

2. The tool designed is expected to allow 

the reactor tube to be removed or 

separated from other components 

when the pressure has been met and 

you want to refill or close some parts 

of the system. 

3. It is hoped that tools with a simpler 

installation design will be able to 

reduce production time, thus making 

the production process smoother [27]. 

4. The designed tool is expected to meet 

safety and environmentally friendly 

aspects, thereby increasing its market 

value [28]. 

5. The manufacturing materials can 

use reusable materials as an 

implementation of 

environmentally friendly products 

[29], such as pipes used in reactors, 

and storage tubes can be made 

from modified refrigerant tubes 

using a drill and welded by adding 

nipples . 

Study from an economic perspective: 

1. By using the new equipment, it is 

hoped that production costs can be 

reduced. By reducing production costs, 

the product can be sold at a lower price 

and reach a wider audience [30]. 

2. The tool has been modified and is 

expected to be able to provide gas for 

burning the stove 

3. The new tool is expected to increase 

hydrogen gas production 

4. The burner or stove part can be used 

from an LPG gas stove so it is 

compatible with pliers already on the 

market so it makes it more economical, 

just make a reactor and storage tube 

and the installation can be used. 

Product Development 

The development of the aluminum 

waste fuel stove employs two fundamental 

approaches, namely: Fundamental approach 

and Reverse engineering. 

 

Figure 5.  Product development approach 

(Sources: Created by author) 

1. Fundamental approach 
 

2. Reverse engineering 

Development 
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This approach to innovative aluminum 

waste fuel stoves uses Fundamental 

Approach. According to [31] product 

development, it is important to pay attention 

to the needs and fundamental problems of 

the consumers. 

Testing Aluminum Fuel Stoves 

Table 3. Test results for stove materials 

Test Waste 

AL 

Na

OH 
Water 

(ml) 

Pressure 

(bar) 

Price 

(Rp) 

Time 

(minu 

te) 

Max 

Tem

p 

1 10 gr 20 

gr 

300 2,54 660 8 525 

°C 

2 10,5 gr 3- 

gr 

300 2,98 945 8,53 529 

°C 

3 11 gr 35 

gr 

300 3,44 109

0 

9,02 534 

°C 

4 11,5 gr 40 

gr 

300 3,90 123

5 

9,45 539 

°C 

5 12 gr 45 

gr 

300 3,38 138

0 

10,03 543 

°C 

6 12,5 gr 50 

gr 

300 4,88 152

5 

10,5 548 

°C 

 

Effect of Temperature/Temperature on 

Time 

 

Figure 6. Graph of temperature against Test 

time 1 (Sources: Created by author) 

From the results of the first test, the heat 

transfer rate was compared with the time, 

the data was 60.71 °C/minute, the ignition 

time was 8 minutes, the max was 525 °C. The 

calculation of the heat transfer rate is as 

follows: 

Heat transfer rate = ΔT/Dt 

Where 

ΔT = Temperature 
Changes 

Δt = Time changes 

ΔT = T2-T1 

Δt = x2-x1 

ΔT = 525 – 100 = 425 °C 

Δt = 8 – 1 = 7 minutes 

Heat transfer rate = 425/7 = 60,71 

°C/min 

Effect of Pressure on 

Temperature/Temperature 

 

Figure 7. Pressure versus temperature 

graph (Sources: Created by author) 

To find the ratio between pressure and 

temperature in this situation, we can use the 

ideal gas law, expressed by the equation: 

PV = nRT 

Where: 

P  is the absolute pressure (in pascals) 

V  is the volume of the gas 
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160,71

221,42
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342,84
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N  is the number of moles of gas 

R  is a universal gas setting 

T  is the absolute temperature in kelvin 

We want to find the ratio of pressure to 

temperature, so we can use another form of 

the ideal gas law: 

T1P1=T2P2 

Where 1P1 and 1T1 are the first 

pressure and temperature, and 2P2 and 2T2 

are the second pressure and temperature. 

If we use the appropriate units, we can 

structure this equation as follows: 

T1P1=T2P2 

Then we can construct this equation 

with the given values. Keep in mind that the 

temperature should be in kelvin. So, we need 

to convert the temperature from degrees 

Celsius to kelvin by adding 273.15: 

T1 = 525+273.15=798.15 

P2 = 2.54bar×100,000Pa/bar=254,00

0Pa 

Then we determine the given value: 

P2 =      ?Pa 

T2 =      ?K 

Using the equation: 

T1P1=T2P2 

we can find the values of P2 and T2. 

From the equation T1P1=T2P2, we can solve 

for P2 and T2: 

P2=T1T2⋅P1 

Using the given values: 

P2 = 798.15T2⋅254,000 

To find the value of T2, we can 

construct the ideal gas equation: 

P1V1/T1 = P2V2/T2 

Since we have no information about the 

volume, we cannot solve this equation 

without additional information. However, 

we can construct the equation for T2 as 

follows: 

T2 = P1P2T1 

Substitute the P2 value from the previous 

equation: 

T2 = 254,000(T2/798.15)⋅254,000⋅798.15 

Next, we can solve these equations for P2 and 

T2. Let's do the math: 

The results are P2≈254,000Pa and 

T2≈798.15K. 

Effect of Time on Fuel Consumption

 

Figure 8. Time versus fuel consumption 
graph (Sources: Created by author) 

 
Table 4. Price table for Aluminum and 

NaOH waste 
Material Quantity (gr) Price (Rp) 

Aluminium 1 10 

NaOH 1 28 

 

Rp660,00 

0

Rp945,00 

0

Rp1.090,00 

0

Rp1.235,00 

0

Rp1.380,00 

0

Rp1.525,00 

0

 Rp-

 Rp200,00

 Rp400,00

 Rp600,00

 Rp800,00

 Rp1.000,00

 Rp1.200,00

 Rp1.400,00

 Rp1.600,00

 Rp1.800,00

Price Time

Time to fuel consumption

1 10 gr 20 gr 300 ml 2 10,5 gr 30 gr 300 ml

3 11 gr 35 gr 300 ml 4 11,5 gr 40 gr 300 ml

5 12 gr 45 gr 300 ml 6 12,5 gr 50 gr 300 ml
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From the graph and table above, it can 

be seen that the longer or longer the duration 

of use, the more fuel will be used. From table 

3, it can be seen from the first test reaction 

that 10 grams of Al mixed with 20 grams of 

Naoh and 300 ml of water produces a 

pressure of 2.54 bar and a duration of 8. 

minutes with a maximum temperature of 

525⁰C with a price of Rp. 660. And the 6th 

test with 12.5 gr Al, 50 gr NaOh, 300 ml 

Water, produces a hydrogen pressure of 4.88 

bar, duration 10.5 minutes, price Rp. 1,525 

Chemical Reactions in Reactors 

In the reactor room temperature, 

aluminum reacts with water to form 

aluminum hydroxide and hydrogen as 

follows: 

2Al₍ₛ₎+6H₂O₍₁₎ 
 

2Al(OH)₃₍ₛ₎+3H₂₍g₎ 

The reaction between aluminum and 

water with Sodium Hydroxide (NaOh) for 

hydrogen production can be shown in the 

following reaction: 

2Al + 6H₂O + 2NaOH 
 

2NaAl(OH)4 

NaAl(OH)₄ 
 

NaOH + Al(OH)₃ 

The reaction that takes place is: 

2Al + 6H₂O 
 

2Al(OH)₃ + 3H₂ 
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Figure 9. Morphology Chart (Sources: 

Created by author) 

Note: the one chosen is colored brown to 

design this stove, you need a morphology 

chart to make it easier to select the 

materials and design to be used. 
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Figure 10. Objective tree 

(Sources: Created by author) 
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The Objective Tree in this tool is used to 

trace from the beginning of the concept so 

that in the end you can see the reasons for 

choosing materials/specifications in 

developing the tool that has been designed. 

Weighting the Impact of Development on 

Tools 

Next, determine the weighting value for the 

impact of tool development as follows: 

Table 5. Weighting 

Hydrogen Portable Refillable Robust 

Quality 80% 80% 80% 

Quantity 80% 90% 80% 

Mobility 90% 90% 70% 

Production 
time 

80% 90% 80% 

Safety 80% 80% 80% 

  410% 430% 390% 

 

 

Figure 11. Weighting Chart 

(Sources: Created by author) 

 

Based on the weighting percentage of 

the design, the stove is designed to be easy to 

refill and reprocess in the reactor, ensuring a 

continuous supply of gas. Its size is not too 

large, making it portable and easy to place 

without taking up too much space. 

Additionally, the stove is designed for good 

mobility and portability. Most importantly, 

safety for the user and workplace safety for 

others are prioritized. 

  

CONCLUSION 

Based on the comparative analysis, the 

stove powered by aluminum waste has a cost 

that is nearly equivalent to using pertalite in 

vehicles. In 10 minutes, a vehicle can cover a 

distance of approximately 5-7 km, with a cost 

of pertalite around Rp 1,428 per kilometer. 

Regarding the use of LPG, assuming a 3 kg 

gas cylinder is used continuously for 10 

hours, it incurs a cost of about Rp 400 in 10 

minutes. Although the cost of hydrogen fuel 

from aluminum is slightly cheaper, at around 

Rp 50, subsidized LPG remains more 

economical. However, if unused aluminum 

waste is utilized, the fuel cost can be 

significantly lower. This reactor design is 

created to be easily refillable, possesses high 

mobility, and, most importantly, ensures 

safety for the user. The primary focus of this 

design is to guarantee a continuous supply of 

hydrogen during the combustion process, 

with a storage tank and stove installation 

that are simple, portable, and safe. 
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