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ABSTRACT 

 

This paper presents the development of a cost-effective hot air coffee roaster tailored for home use, achieving 

a significant price reduction of approximately 50% compared to similar products in the Malaysian market. The 

design process, which includes conceptual design, embodiment design, detailed design, prototyping, and 

testing, was centered around cost-efficiency. As a result, a functional hot-air coffee roaster was developed at an 

affordable price for home coffee enthusiasts, enabling them to customize their coffee roasting process and 

achieve their preferred flavor profile at home. 
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1.0  INTRODUCTION 

 

Coffee roasting has traditionally been achieved using methods that employ a clay or steel pan over an open fire 

or other heat source [1]. While these methods offer a degree of simplicity, they are limited by inconsistencies 

in heat distribution, which can negatively impact the final flavor profile of the roasted coffee beans [2]. 

Additionally, traditional roasting methods often lack precise control over the process, making it challenging to 

achieve consistent results and replicate desired roast profiles. 

 

Hot air roasters represent an alternative solution to traditional roasting methods. This method utilizes forced 

convection, the movement of hot air, to efficiently transfer heat to the coffee beans [3]. This approach allows 

for precise temperature control throughout the roasting process, leading to consistent results and enabling the 

development of high-quality roasts with well-balanced flavor profiles [4]. Compared to traditional methods, 

hot air roasters offer greater control over roast time, temperature, and airflow, facilitating increased 

customization and experimentation with roast profiles. 

 

Despite the numerous advantages of hot air roasters, their widespread application, particularly for home 

use, faces a significant barrier, which is cost.  Commercially available hot-air coffee roasters are often 

expensive, limiting accessibility for many home coffee enthusiasts [5]. This high cost can be attributed to 

factors such as the use of expensive materials and the utilization of inefficient manufacturing processes. 

Consequently, a large coffee enthusiast market is excluded from experiencing the benefits of this superior 

roasting technology. 

 

This paper explores the development of a low-cost hot-air coffee roaster specifically designed for home 

application. The research focuses on identifying and implementing cost-effective solutions throughout the 

engineering process. Through the optimization of material selection, manufacturing techniques, and design 

complexity, the aim is to create a hot-air coffee roaster that is affordable and accessible to home brewers. This 

will ultimately empower them to explore the nuances of coffee roasting, experiment with various roast profiles, 

and craft their perfect cup of coffee at home. 
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2.0 METHODOLOGY 

 

Figure 1 below shows the flowchart of developing a hot-air coffee roaster for home applications.  

 

 
 

Figure 1: Flowchart of of Development of Hot Air Coffee Roaster for Home Application 

 

In this study, the focus of the design is to introduce a low-cost hot-air coffee roaster to the home market 

segment. However, the customer requirement (CR) of this product must be identified first. The interviews were 

conducted physically and online with people who had experience roasting coffee beans. This is to get feedback 

and information about what must be done to develop the hot-air coffee bean roaster. As a result, Table 1 shows 

the CR for developing hot-air coffee bean roasters for home applications. Eight CRs were identified: Safety, 

Capacity, Roasting Performance, Heating System, Airflow Control, Cooling Mechanism, Durability and Low 

Cost. Table 2 shows the engineering characteristics (EC) for developing hot-air coffee bean roasters for home 

applications. Seven ECs were identified: Heating Element, Weight, Cost of Production, Power Supply, 

Dimensions, Temperature Control, and Types of Blower Fan. These CRs and ECs will then be applied to 

develop the House of Quality (HOQ) diagram. 

 

The HOQ serves as a proven framework for product development centered around human needs, utilizing 

both customer attributes and product requirements as integral components in defining a product and its key 

characteristics [6]. Table 3 shows the HOQ of developing a hot-air coffee bean roaster for home application. 

Based on the HOQ table, the customer gives the highest weightage, resulting in 16.67% of the total, to the safety 

and low-cost factors, compared to others. Regarding engineering characteristics, the cost of production is valued 

at 20.23%. Therefore, the Product Design Specification (PDS) table emphasizes the following factors: safety 

and low cost of production.   

 

A Product Design Specification (PDS) is an exhaustive document that outlines all aspects of a product’s 

design, functionality, and performance, acting as a standard and guide for all stakeholders in the product 

development process [7]. Table 4 shows the PDS of developing a low-cost hot-air coffee bean roaster for home 

application. Nine parameters have been considered in the PDS. These specifications are later used as the 

guidelines for generating and selecting the final concepts of hot-air coffee roasters.  
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Table 1: Identified Customer Requirements (CR) of Hot Air Coffee Roaster for Home Application 

 

Customer 

Requirements (CR) 
Description 

Safety 
The roaster should prioritize user safety by minimizing hazards like burns, 

fire risks, and electrical malfunctions.  

Capacity 
The roaster should be able to accommodate a sufficient amount of coffee 

beans for a single roast, catering to the typical needs of home users.  

Roasting Performance 

The roaster should deliver consistent and high-quality roasts, allowing 

users to achieve their desired roast level (light, medium, dark) with good 

control over temperature and roast time. 

Heating System 

The heating system should be efficient and cost-effective, ensuring even 

heat distribution throughout the roasting chamber to avoid unevenly roasted 

beans. 

Airflow Control 

The roaster should provide a mechanism for users to control airflow during 

the roasting process. This allows for adjustments based on the desired roast 

profile and optimizes heat transfer within the chamber. 

Cooling Mechanism 

The roaster should incorporate a cooling mechanism to quickly bring the 

roasted beans to a safe temperature after roasting. This prevents over-

roasting and preserves the flavor profile. 

Durability 
The roaster should be constructed with durable materials and components 

to ensure longevity and withstand regular use in a home environment. 

Low Cost 

The overall design and manufacturing process should prioritize cost-

effectiveness. This includes selecting affordable materials, optimizing 

production methods, and minimizing unnecessary features to achieve a 

price point accessible to home coffee enthusiasts. 

 

 

Table 2: Identified Engineering Characteristics (EC) of Hot Air Coffee Roaster for Home Application 

 

Engineering 

Characteristics (EC) 
Description 

Heating Element 

This refers to the component responsible for generating heat within the 

roaster. Factors to consider include: (i) Type: Radiant (e.g., infrared 

heating elements) or convective (e.g., heating coils) heating can be chosen 

based on efficiency, cost, and desired heat transfer properties. (ii) Wattage: 

This determines the heating power and should be sufficient to achieve 

desired roasting temperatures within a reasonable timeframe. 

Weight 
The overall weight of the roaster impacts factors like portability, 

countertop space requirements, and user convenience.  

Cost of Production 

This encompasses the total cost associated with manufacturing the roaster. 

Considerations include: (i) Material selection: Choosing cost-effective 

materials without compromising safety, durability, or roasting 

performance. (ii) Manufacturing processes: Exploring efficient and cost-

saving manufacturing techniques.  

Power Supply This refers to the electrical input required to operate the roaster.  

Dimensions 

The roaster size should be compact enough for comfortable home use 

without compromising roasting capacity. Factors to consider include: (i) 

Chamber size: This should accommodate the desired roasting capacity 

while allowing for proper airflow and heat distribution. (ii) Overall 

footprint: The roaster should fit comfortably on a countertop or designated 

space without being overly bulky. 
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Temperature Control 

This refers to the mechanism for regulating the roasting temperature within 

the chamber. A reliable and accurate temperature control system is 

essential for achieving consistent roasts.  (i) Sensor: A temperature sensor 

accurately monitors the roasting chamber's temperature. (ii) Control Panel: 

Users should be able to easily set and adjust the desired roasting 

temperature through an intuitive interface. 

Types of Blower Fans 

The blower fan type influences airflow within the roasting chamber, 

impacting heat distribution and roast quality. Factors to consider include: 

(i) Fan size and power: This should ensure adequate air circulation 

throughout the beans. (ii) Airflow control: The ability to adjust the airflow 

allows users to tailor it to different roast profiles.  

 

 

Table 3: House of Quality of Hot Air Coffee Roaster for Home Application 

 

 
 

Table 4: Product Design Specification of Low-Cost Hot Air Coffee Roaster for Home Application 

 

No. Parameter Specification 

1 Performance 

This coffee bean roaster can determine the desired level of roasting, for example, 

light, medium, and dark levels of coffee beans with consistent and even heat 

distribution. It can also precisely control the temperature to achieve optimal 

roasting results. The roasting time can be adjusted to accommodate different types 

of coffee beans and the desired roast profile. 

2 Capacity 

This coffee bean roaster will determine the maximum and minimum rate of coffee 

beans that can be roasted in a time so that the coffee beans can be produced 

perfectly and according to the customer's taste. 

3 Circulation 
This product will ensure that the hot air circulation system for my products is in 

good condition and efficient to ensure even roasting and flavor development. 

4 Safety 

This product would prioritize overheating protection by adding an automatic shut-

off feature to prevent accidents with the product, coffee beans, and users. The heat-

resistant exterior will also be prioritized to prevent burns and ensure user safety. 
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5 Construction 

This product will use durable stainless steel for durability and heat resistance. It will 

also be designed with a compact and lightweight design for easy storage and 

portability. 

6 Cleaning 
This product will make sure the parts of this coffee bean roaster are easily 

removable for easy cleaning and maintenance. 

7 Dimension 
This product will make sure the dimensions of my product are suitable for an 

unseated home. 

8 Cost This product will minimize the expenditure cost for the coffee lover can effort it. 

9 
Target 

market 

The target market for this product is coffee lovers of all ages, and it is affordable 

for all levels. My product needs to be consistent and creative to fit my target 

market. This product will make it original and bold to attract the attention of 

coffee lovers. 

 

 

3.0 RESULT AND DISCUSSION 

 

Physical decomposition, the process of splitting a product or subassembly into its individual parts and smaller 

assemblies while describing their functional relationships, is a critical step toward comprehending product 

functionality [8]. This approach can be demonstrably applied to hot-air coffee roasters. A hot air coffee roaster 

can be broken down through physical decomposition into its main components, including the heating element, 

roasting chamber, blower fan, control panel, and chaff collector (Figure 2). This breakdown then lays the 

foundation for functional decomposition, which focuses on identifying each component's specific functions 

within the roaster. 

 

 
 

Figure 2: Physical Decomposition of Hot Air Coffee Roaster for Home Application 

 

The function structure shown in Figure 3 is a graphical illustration of a functional model. It shows the function 

as an entire system comprising interconnected sub-functions that operate on specific flows [8]. The three types 

of flow, material flow, signal flow, and energy flow, are easily understood.  

 

Hot Air Coffee Roaster 

Roasting 

Chamber 

Heating 

Element 

Blower 

Fan 
Control 

Panel 

Chaff 

Collector 

Wire Motor Propeller 



 

 

VOL 15, NO. 1, 2024 MARINE FRONTIER@UNIKL MIMET ISSN: 2180-4907 

 

74 

 

 
 

Figure 3: Function Structure of Hot Air Coffee Roaster for Home Application 

 

 

The systematic study of potential forms and shapes is conducted through morphological analysis [9]. Table 

5 shows the morphological table for the hot-air coffee roaster. The table, characterized by its list of identified 

device sub-functions on the left side, presents potential solution options for each sub-function on the right. With 

seven sub-functions, each having a five solution options, five concepts are subsequently derived. These concepts 

are formed through the potential combinations of solution options for each sub-function. The possible 

combinations of option solutions for each sub-function are described as in table 6.  

 

A weighted decision matrix is a commonly used design technique for evaluating alternative concepts. It 

assigns scores to each concept based on how well it aligns with the design criteria, considering the weighting 

factors associated with those criteria [10]. The Weighted Decision Matrix is applied to five concepts from Table 

6. The outcomes are displayed in Table 7. Table 7 shows net scores for Concepts 1 to 5 as 10, 16, 0, 4 and 10 

respectively.  

 

 

Table 5: Morphological Table for Hot Air Coffee Roaster 

 

Sub-

function 

Option-

solution 1 

Option-

solution 2 

Option-

solution 3 

Option-

solution 4 

Option-

solution 5 

Roasting 

chamber 
A1  

Top 

cover 

A

2 
 

Front 

cover 

A3  
Top twist 

A4  
Chamber 

twist 

A5  
Side cover 

Power 

Source 
BI  

3-pin 

plug 

B2  
2-pin plug 

B3  
USB 

B4  
Battery 

9-Volt 

B5  
Battery 

2A 

Chaff 

collector 
C1  

Filter 

basket 

C2  
Flat filter 

C3  
Side filter 

C4  
Top filter 

C5  
Half filter 

Roasting 

chamber 
Filter 

Rotate 

blowing fan 

Export chaff 

Export coffee 

bean 

Coffee bean 

Motor 

Convert 

electrical 

energy to 

thermal 

Operation 

button 
Import signal 

Voltage 

regulator 

Import 

electrical 

eneegy 
Display 

Flow of signal 

Flow of energy 

Legend 

Flow of material 



 

 

VOL 15, NO. 1, 2024 MARINE FRONTIER@UNIKL MIMET ISSN: 2180-4907 

 

75 

 

 

Table 6: The Combinations of Option-Solutions for each Sub-Function 

 

 Concept 1 Concept 2 Concept 3 Concept 4 Concept 5 

S
k
ec

th
es

 

     

D
es

cr
ip

ti
o
n
 

Precise and easy 

operation, clean 

roasting 

experience. 

Precise and 

intuitive 

adjustments for 

desired roast 

profiles, stable 

and durable. 

Easy access for 

loading/unloading, 

precise and 

intuitive 

adjustments for 

desired roast 

profiles, efficient 

chaff removal, 

comfortable grip 

for manoeuvring. 

Convenient and 

efficient 

operation, 

effective chaff 

removal, easy 

function 

selection for 

precise control, 

stable operation. 

Roasting nuts 

and coffee beans, 

user-friendly 

operation with 

multiple settings. 

O
p
ti

o
n
- 

S
o
lu

ti
o
n
 

A1, B1, C2, D1, 

E1, F1, G1 

A1, B1, C1, D3, 

E2, F1, G2, G3 

A3, B2, C3, D1, 

E4, F3, G3 

A3, B3, C1, D2, 

E3, F3, G4 

A5, B2, C1, D3, 

E5, F5, G2 

 

 

With a score of 16, Concept 2 outperforms the other concept. It excels in safety, affordability, roasting 

efficiency, and aesthetics, making it the top choice for the final concept. This concept, aimed at developing a 

hot air coffee bean roaster for home use, shows promise in enhancing the home coffee roasting experience while 

being cost-effective and safe. Its superior performance in key areas establishes it as the preferred choice. 
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Table 7: Weighted Decision Matrix of Hot Air Coffee Roaster 

 

  
Datum 

Concept 

Parameter Weightage 1 2 3 4 5 

Safety 5 0 + + 0 0 + 

Capacity 1 0 0 0 - - 0 

Power supply 3 0 0 0 - 0 - 

Low cost 5 0 + + + + + 

Roasting 

Performance 
5 0 0 + 0 0 0 

Appearance 1 0 0 + - 0 0 

Reliable 3 0 0 0 0 0 + 

+ 10 16 5 5 13 

- 0 0 5 1 3 

Net Score 10 16 0 4 10 

 

Next, embodiment design is done on the design process which involve product architecture, configuration 

design and parametric design. Product Architecture is the process of organizing a product’s functional 

elements, linking them to physical components, and defining how these components interact [11]. 

Configuration design is a phase where the designer provides definition, dimension, or shape to each 

component or function of a product, which strongly depends on the selection of materials and its 

manufacturing techniques [12]. Parametric design is a process where the designer manipulates and optimizes 

the parameters of a design model, such as material properties, fabrication methods, and shape attributes, to 

achieve desired performance and aesthetic outcomes [13].  

  

Figure 4 and Figure 5 shows the schematic diagram of the product architecture and the rough geometry 

layout of the coffee roaster. In the design of the hot air coffee roaster, the control panel is strategically 

positioned at the front for enhanced visibility and ease of option selection. The motor and blower fan, essential 

for initiating the roasting process, are located at the bottom to facilitate the movement of coffee beans within 

the chamber. A filter container is incorporated at the bottom of the chamber to collect coffee chaff. The power 

supply connection is situated at the rear of the roaster. Table 8 show the list of part that need to buy or 

fabricate. Table 9 shows the part that need to fabricate in house with its identified material, manufacturing 

process and its final shape. 

 

Figure 6 shows the assembly drawings of the hot air coffee roaster. The final design is consist of ten parts, 

which are; body, control panel, function, chamber, bottom cover, switch, base, upper cover, filter and handle. 

Figure 7 shows the successfully contructed of low cost hot air coffee bean roaster for home application 

prototype. Table 10 shows the bill of materials and costing of the hot air coffee roaster. It was found that, the 

total cost of the prototype is at only RM 226.57. This value is half of the price of the same product available 

in the Malaysia market. An evaluation of a hot air coffee roaster's performance is shown in table 11. The 

assessment focuses on achieving roasting accuracy and efficiency through careful monitoring of temperature 

control, roasting time, and the final color of the roasted coffee beans. 
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Figure 4: Schematic Diagram of the Product Architecture of the Hot Air Coffee Roaster 

 

 
Figure 5: Rough Geometry Layout of the Hot Air Coffee Roaster 
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Table 8: Identification of Buy Make Hot Air Coffee Roaster 

 

Component Motor Chamber 
Nichrome 

wire 

Blower 

fan 

Control 

panel 
Frame Filter Plug 

Buy/Make Buy Fabricate Buy Buy Buy Fabricate Fabricate Buy 

 

 

Table 9: Part to Fabricate in House with its Identified Material, Manufacturing Process and its Final Shape. 

 

Part Name Chamber Frame Filter 

Function 
To place the coffee 

beans 

Housing of the heating 

and fan elements 
To collect the chaff 

Material Stainless steel Stainless steel Stainless steel 

Manufacturing Process Drill / Screw joints 
Bending / Drill /Screw 

joints 
Drill / Screw joints 

Shape 

   
 

 
Figure 6: Assembly Drawing of Hot Air Coffee Roaster 
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Figure 7: Prototype of Hot Air Coffee Roaster for Home Appliaction 

 

Table 10: Bill of Material and Costing of Prototyping Hot Air Coffee Roaster for Home Application 

 

No 1 2 3 4 5 

Item 
Temperature 

Gauge 
Hair Dryer Heat Gun Wire 

Stainless 

Steel 

Quantity 1 1 1 1 2 

Figure 

     

Price per unit 

(RM) 
6.44 15.50 42.63 2.00 80.00 

Total price (RM) 6.44 15.50 42.63 2.00 160.00 

Total  (RM) 226.57 

 

 

 

Table 11: Performance Testing of Hot Air Coffee Roaster for Home Application 

 

Temperature (°C) Time (Minutes) Coffee Bean Colour 

200 10 Light  

220 14 Medium  

240 20 Dark  

 

 

4.0 CONCLUSION 

 

In conclusion, this study has successfully developed the low-cost hot air coffee bean roaster for home use. 

The customer requirements, collected from the collected data, were involved in identifying the engineering 

characteristics that were subsequently incorporated into the House of Quality (HOQ) diagram. As a result, a 

product design specification (PDS) for the coffee bean roaster was developed based on the HOQ, serving as 

a guideline for concept generation and selection. The weighted decision matrix is use to generate and select 

the final concepts. It was found that concept 2 is selected for the final concept of the coffee bean roasted, 

excelling in safety, affordability, roasting efficiency, and aesthetics. The embodiment design has been carried 

out and is followed by the detail design and prototyping. A simple prototyping test has also been conducted, 

indicating that the prototype is capable of roasting coffee beans within a specific range of bean roast. 
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As for the future work, improving on the roasting process based on user feedback and investigating the 

integration of smart technologies for enhanced user experience can be done. This could potentially lead to a 

more personalized and efficient coffee roasting experience at home. 
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