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ABSTRACT 

Nowadays, a laptop computer is one of the electronic devices that important for students to use as a learning aid 
during their studies. However, an existing laptop computer always has a problem in terms of hardware quality which may 
cause perishable and unfriendly hardware repairs. In this paper, an existing laptop computer towards sustainable 
development is investigated and propose a new design concept of laptop computer based on consideration of 
environmental, economic and societal aspects. Design for Six Sigma (DFSS) methodology and Design for Disassembly 
(DfD) approach are used along the process of investigation and improvement. The DFSS methodology uses six phases 
which each phase is integrated with a design tool; Define phase uses questionnaire for gathering information of customers’ 
needs, Measure phase uses Quality Function Deployment (QFD) method to measure customer satisfaction, Analyse phase 
uses Morphological Chart and Weighted Rating Method to generate new concepts and select the final concept, Design 
phase uses Computer-Aided-Design (CAD) software that involves in designing and assembly of laptop computer 
components, and Verify phase uses SolidWorks sustainability analysis to compare the proposed design concept of laptop 
computer with two existing products. DfD approach has been implemented during Analyse phase of DFSS in order to 
improve the design of laptop computer to be disassembled for easier maintenance, enhance serviceability and 
configurations that allow for cost-effective separation and other related processes including reuse, remanufacture and 
recycling concept of laptop computer components. As a summary, a new design of laptop computer has been illustrated to 
overcome the stated problem. This study is intentionally proposed for the future laptop computer design configurations in 
order to achieve sustainable development goals.  
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INTRODUCTION 

Sustainable products are those products that able 
to provide more benefits to environmental, social and 
economic development, simultaneously protecting public 
health and environment over their whole life cycle, from 
the extraction of raw materials until the final disposal [1]. 
Sustainable products have six characteristics, there are 
customer satisfaction, dual focus, life-cycle orientation, 
significant improvements, continuous improvement and 
competing offers [2]. As mentioned in [3], the one of 
characteristic for sustainable products are all the materials 
of product can be disassembled when its use life is over 
and returned to the Earth or ceaselessly recycled as raw 
materials after composting. Today, there are variety of 
sustainable products has been produced to provide social 
and economic benefits while protecting public health and 
environment.  

In the 21st new era, computers and the internet 
services are becoming a necessary part of people's daily, 
among these that portable computers or named as laptop 
computers are rapidly becoming the computer of choice 
nowadays. Laptop computer is a portable personal 
computer with a clamshell form factor, suitable for mobile 
use. Because of their portability, laptop computers are 
subject to more wear and physical damage than desktop 
computers. Most original internal components of laptop 

computers are expensive, and usually proprietary and non-
interchangeable, their replacement require extensive 
disassembled and reassembly of the laptop by technician. 
Since the repair costs of failed main part laptop computer 
such as laptop screen panel, motherboard and keyboard are 
often exceed the market value of used laptop. Therefore, 
most people will make a decision to purchase a new laptop 
computer when main parts of older laptop are damaged 
and out of warranty, that lead to produce large amounts of 
electronic waste.   

According to a study in [4], electronic waste 
volumes are predicted to peak at 73 million tons in 2015 
and crisis will worsen over the future years. This trend will 
place increasing pressure on industry, governments, and 
advocacy groups to find new ways to expand electronics 
recycling and reuse. Hence, due to those reasons, this 
paper is presented to investigate an existing laptop 
computer towards sustainable development and propose a 
new design of laptop computer using Design for Six 
Sigma methodology (DFSS). Design for Disassembly 
(DfD) approach is integrated in the DFSS methodology to 
facilitate the product improvement and its component to 
be better disassembled for reuse, recycling and 
remanufacturing so that to enable easy maintenance and 
enhance serviceability, which result in extending the 
service life of the products.  
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LITERATURE REVIEW 
The sustainable design concept outlines 

methodologies for making sustainable improvements for 
products by applying elements of life cycle thinking. 
Sustainable design is about rethinking how to meet the 
need for growth while at the same time reducing negative 
environmental and social impacts [5]. Modifying the 
product design and changing the material composition of a 
product are among the most common approaches to 
achieve sustainable products [6]. The intention of 
sustainable product design is through skilful and sensitive 
product design to eliminate negative environmental impact 
completely [7]. In this paper, two guidelines are referred to 
make a better improvement of an existing laptop computer 
towards sustainable development goals, as follows. 
 
Design for six sigma (DFSS) 

DFSS approach complements the Six Sigma 
improvement methodology but takes it one step further 
ferreting out the flaws of the product and the process 
during the design stage [8]. It is a systematic and rigorous 
method, within which tools, training and data are used to 
create new products and processes that exceed 
expectations and perform at a Six Sigma quality level [9]. 
DFSS is based on Six Sigma methodologies, but focuses 
on design new products and processes that meet customer 
needs. While Six Sigma focuses on improving existing 
designs, DFSS concentrates its efforts on creating new and 
better ones. DFSS uses DMADV approach as a mainly 
methodology where it provides the phases of guidance to 
ensure that product design is executed on the right track. 
The DMADV approach are referred to Define, Measure, 
Analyze, Design and Verify [10, 11]. 
 
Design for disassembly (DfD) 

DfD is an approach to design a product to be 
disassembled for easier maintenance, repair, recovery and 
reuse of component in order to reduce the environmental 
impact and increase the value of end-of-life products [12]. 
This approach has been implemented for future design 
improvement of laptop computer as a strategy that helps 
reducing environmental impact where if a product is easy 
to disassemble, it will be possible to repair it more easily 
and therefore its service life will be increased [13]. 

As stated in [14], successful DfD entails the 
application of three critical disciplines; the selection and 
use of materials, the design of components and the product 
architecture, and the selection and use of joints, connectors 
and fasteners. These important disciplines are considered 
for product design improvement by integrating in the 
DFSS methodology. 
 
METHODOLOGY 
 
Approach for investigating a laptop computer towards 
sustainable development  

The proposed approach for investigating an 
existing laptop computer towards sustainable development 
using DFSS is outlined in Figure-1. The DFSS 
methodology uses six phases which each phase is 

integrated with a design tool; Define phase uses 
questionnaire for gathering information of customers’ 
needs, Measure phase uses Quality Function Deployment 
(QFD) method to measure customer satisfaction, Analyse 
phase uses Morphological Chart and Weighted Rating 
Method to generate new concepts and select the final 
concept, Design phase uses Computer-Aided-Design 
(CAD) software that involves in designing and assembly 
of laptop computer components, and Verify phase uses 
SolidWorks sustainability analysis to compare the 
proposed design concept of laptop computer with two 
existing products. 
 

 
 

Figure-1. Proposed approach for investigating an existing 
laptop computer using DFSS. 

 
DfD approach has been implemented during 

Analyse phase of DFSS in order to improve the design of 
laptop computer to be disassembled for easier 
maintenance, enhance serviceability and configurations 
that allow for cost-effective separation and other related 
processes including reuse, remanufacture and recycling 
concept of laptop computer components. 
 
CASE STUDY 

In this section, a case study is conducted to 
illustrate the proposed approach. An existing laptop 
computer that available nowadays in the market has been 
used as the case study. 
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Define customers’ requirement of sustainable 
development on laptop computer  

Define is the first phase of DFSS approach. The 
tool that will be used in this phase is questionnaire survey 
to determine the respondents’ needs on sustainable 
development for a laptop computer. Gathering such 
information from relevant respondents directly is very 
important because their responses are accepted as the 
parameters for designing the product. Table-1 shows the 
sum of features fraction from feedback of respondents, 
there are total of the scores from respondents for each 
features in this survey. From the data obtained, the 
conceptual design for easy to disassemble and reassemble 
the main components gained the highest scores compared 
to other features. Meanwhile, more replacement hardware 
in market is ranked in the second place and the third place 
is feasibility for hardware upgraded. This result may be 
concluded that most of the respondents were expecting 
that the main components of a laptop computer can be 
easier to disassemble and reassemble for upgrading, 
repairing or replacement purpose.   
 

Table-1. The sum of features fraction from feedback 
of respondents. 

 

 
 
Measure the respondents’ satisfaction and identify the 
design specification of a new design 

Measure is the second phase of DFSS approach. 
Quality Function Deployment (QFD) is used to measure 
the respondents’ needs by transforming voice of customer 
(VOC) on sustainable development into quantitative 
parameters. In the QFD, there have provided competitive 
benchmarking as one of the steps that needs to be 
completed. Competitive benchmarking is the strategy of 
comparing the products of competitors. In this study, three 
existing laptop computer models from different brands in 
market were chosen as competitive benchmarking. The 
assigned three competitors are CL A, CL B and CL C.  

From the QFD achieved, the highest total 
importance goes to weight product with raw scope value 
of 5.51 and relative weight is 19.6%. Therefore, the weight 

of new target product must be in range from 2 kg to 2.4 kg 
for easy to carry and portable. Next, the second high in 
importance is the casing material with raw scope value of 
4.3 and relative weight is 15.3%.  For the casing material 
of new target product, will be using metal material to 
replacing plastic casing of the typical laptop computer. 
Actually, metal material makes more sense than plastic 
because it sustainable while being tough and richly 
beautiful. The third high impotency is life cycle of product 
where the raw scope value of 3.86 and relative weight is 
13.7%. So, the target of this product must be designed for 
easier disassembled and reassembled the main components 
and feasibility for hardware upgrade to elongate lifetime 
of products.     
 
Analyse a new design concept of laptop computer 
based on design for disassembly (DfD) 

Analyze is the third phase of DFSS approach. In 
this phase, two design tools are used; morphological chart 
and weighted rating method. Morphological chart is used 
to generate new alternative concepts and assembly the new 
alternative laptop computer components in to a complete 
product. Meanwhile, weighted rating method is applied to 
select the best combination that based on customers’ needs 
including the material used of selected main components. 
Selection of low-impact material for a new design laptop 
computer is to ensure it will constantly environmental-
friendly during its entire lifetime. Table-2 shows the 
alternative combinations and list of parameters of new 
concept design laptop computer. The parameters for a new 
laptop computer design includes a monitor casing 
material, upper and bottom casing materials, casing 
joining method, keyboard material, touchpad material, 
screw material, screw head types, power button shape, and 
optical drive thickness.  

Based on the result of the weighted rating method 
in Table-2, combination 4 gained highest total score where 
the obtained score value is 3.65. This result indicated that 
combination 4 is the best design concept compared to the 
other four combinations.  Hence, combination 4 is selected 
for a new design of laptop computer.   
 
Design and modeling a new design concept of laptop 
computer using 3D CAD modeling software 

The next phase in DFSS is Design. Based on the 
information from the previous phases, a 3D modeling of 
new design concept of laptop computer is drawn using 
SolidWorks software, as shown in Figure-2. 
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Table-2. Selection of new design laptop computer. 
 

 
 

 
 

Figure-2. Generated conceptual design laptop computer 
by using SolidWorks software. 

 
Figure-3 shows the 15 primary components of 

designed laptop computer that consists of a monitor, upper 
casing, bottom casing, keyboard, touchpad, optical disk 
drive and other. Those components are designed to be easy 
disassembled and reassembled where each component is 
connected to each other using USB concept. Table-3 
shows the comparison of new design laptop computer and 
existing laptop computer. 

 
 

Figure-3. 15 primary components of laptop computer. 
 
Verify the new design of laptop computer using 
solidworks sustainability analysis  

Verify is the final phase in DFSS approach where 
SolidWorks sustainability analysis is used to conduct the 
verification in terms of sustainability improvement. 
Besides, this analysis determines the environmental impact 
for a designed product such as carbon footprint, air 
acidification, total energy consumed and water 
eutrophication. Based on this analysis, comparison has 
been made between the new design laptop computer and 
two existing laptop computer models. Two selected 
existing laptop computer models are CL A and CL B, 
where both models have 15.6 inch actual screen size.   

From the sustainability analysis as shown in 
Table-4, the new design laptop computer has least impact 
on environmental compared to the other two existing 
laptop computer models in the market. The carbon 
footprint of new conceptual design laptop is 170kg CO2e, 
total energy consumed is 2100MJ, air acidification is 
1.2kg SO2e and water eutrophication is 0.053kg PO4e, 
that is ranked as number 1 from comparison of three 
concept designs.  Therefore, the conceptual design of new 
laptop computer has been verified more sustainable design 
compared to the existing laptop computer models.   

From the results obtained, the new design laptop 
computer able to bring long-term benefits to environment 
because it can minimize the negative impact on 
environmental. The main components of new design 
laptop computer used low-impact materials such as 
aluminium alloy, stainless steel and natural rubber, thus 
most materials of new concept design laptop can be 
recycled after entire lifetime. 

 
 
 
 
 
 
 
 
 
 
 



                               VOL. 11, NO. 12, JUNE 2016                                                                                                                  ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               7687 

Table-3. Comparison of new design laptop computer and existing laptop computer. 
 

Existing laptop computer New design laptop computer 

 
Most of the monitors on existing laptop 
need extensive disassembly and 
reassembly for replacement, required 
professional technician to taking this 
work. 

 
The monitors of new design laptop 
computer can easy disassembly and 
reassembly for replacement and upgrade. 
Turn the both sides monitor screw to lock 
or unlock the monitor.

 
Most of the replacement the damaged 
speaker. That need a lot of time to 
disassembly and reassembly the laptop. 

 
The speaker of laptop computer can 
disassembly and reassembly without 
disassemble the upper casing. Turn the 
screw in bottom casing to lock or unlock 
the speaker tray. 

 
Some of the existing laptop computer 
must disassemble the upper casing to 
replacement the keyboard. Almost 
touchpad of existing laptop are fixed in 
upper casing, difficult to replace. 

 
The joint of keyboard and touchpad has 
designed by applying concept tongue and 
groove, thus both component can easy 
disassembly and reassembly by using flat-
head screwdriver. 

 
CONCLUSIONS 

In this paper, investigation of existing laptop 
computer towards sustainable development using Design 
for Six Sigma (DFSS) is presented. DFSS methodology is 
based on five phases that consists of Define, Measure, 

Analysis, Design and Verify. Each phase of DFSS is 
integrated with relevant design tool during the 
investigation. For the design improvement of existing 
laptop computer, Design for Disassembly (DfD) approach 

 
Table-4. Sustainability analysis of laptop computer design. 

 

Sustainability analysis New design CL A CL B 

Environmental Impact 

Carbon Footprint 
(kg CO2e) 

170 260 250 

Total Energy Consumed 
(MJ) 

2100 3200 3100 

Air Acidification 
(kg SO2e) 

1.2 1.8 1.8 

Water Eutrophication 
(kg PO4e) 

0.053 0.076 0.068 

The least impact on the environment 1 3 2 
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has been referred by implementing in Analysis phase of 
DFSS. This study is conducted to solve several problems 
by which customer always have the problems with 
computer laptop in terms of repairing and upgrading the 
components. Normally, customer needs to submit the 
whole laptop computer to the shop for more than one 
week, even only one component have a problem. With the 
proposed new design concept, customer only needs to 
disassemble the component and replace with the new 
component easily. Besides, this proposed new design 
concept may reduce the environmental waste problems by 
achieving reuse, remanufacture and recycle concept for 
their end-of-life.  

A case study has been conducted on an existing 
laptop computer that available in the market nowadays, so 
that the proposed approach can be illustrated. In a 
summary, a new design of laptop computer has been 
selected as the final design to overcome the stated 
problem. This study is intentionally proposed for the 
future laptop computer design configurations in order to 
achieve sustainable development goals. 
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