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Abstract— In recent years, many industries are looking into sustainability aspects for the future product development. Although 

a number of studies have been conducted on considering sustainability during the product development process, an approach to 

assist product designers in making final decision of designed products has not been comprehensively investigated. Due to that reason, 

a new methodology has been proposed in the previous work by Hassan et al. (2015). Basically, the purpose of the previous work was 

to evaluate sustainability level of designed part configurations taking into consideration various factors needed for enabling 

sustainability. During the previous work, a sustainability evaluation model was developed where the sustainability score was 

calculated. However, manual calculation of sustainability score consumes more time and requires knowledgeable person in charge. 

Thus, in order to avoid such inadequacies, this paper presents a computer-based decision support system named Product 

Sustainability Evaluation Tool (ProSET). The system uses weighted decision matrix as the platform and calculates the Weighted 

Sustainability Score (WSS) by quantifying 26 sustainability metrics throughout the total product’s life-cycle using neural network 

model. This developed DSS of ProSET will assist product designers to analyze various aspects of sustainability within product 

development process toward further improvement of it.     
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I. INTRODUCTION

The sustainable products are defined as products that are produced following sustainability principles and are sustainability-
compliant throughout their entire life-cycle, from conception to end-of-life [1]. Producing a sustainable product may benefits 
win-win situations between industry and customer where in general, industry utilizes minimum raw materials and energy, safe 
and clean production, and use of recyclable materials at an affordable cost while customer uses non-hazardous product, more 
satisfaction of product functions and appearances at a reasonable cost, valuable product during end-of-life. So, there exists a 
vital need for the industries to redesign their product design towards sustainable development. The effective ways in order to 
achieve those needs is by implementing sustainability consideration during the product development process [2, 3]. However, 
only the proper sustainability tools are required to implement sustainable development in industries since they are critical to 
make decisions during the development process [4].  

Sustainability is defined generally in many ways and has different meanings to different people which the term is more 
recognized as sustainable development. The sustainable development which was introduced by the Brundtland Commission 
[5] is defined as ‘development that meets the needs of the present without compromising the ability of future generations to
meet their own needs’. Sustainable product design is the integration of sustainability in product design and development which
as it integrates societal aspect of the product’s life-cycle alongside environmental and economic consideration, so-called as
triple bottom line (TBL) [6]. Fiksel et al. [7] in their early work presented a set of product sustainability indicators for evaluating
products under environmental, societal and economic considerations. In the very recent years, Jawahir et al. [8] presented that
these major considerations of sustainability needs to be considered throughout the total product’s life-cycle of four stages from
pre-manufacturing, manufacturing, use to post-use in order to develop sustainable products and measuring the sustainability
content, as well. Furthermore, to be a more comprehensive and complete depiction, Joshi et al. [9] introduced the 6R concept
(reduce, reuse, recycle, recover, redesign, and remanufacturing) instead of the 3R concept (Reduce, Reuse, and Recycle) to be
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included as end-of-life processing strategies, so that a perpetual product/material flow can be achieved and product’s ecological 
footprint can be minimized. 

Recently, there exist numerous tools that may be useful in sustainability assessment but the decisions that have been made 
based on the selection of the appropriate tools depends on the goal and scope of the problem, the limitations of the analysis, 
and the circle of influence of the stakeholders [10]. Hence, the analysis of sustainability in the product development process 
should be pertinent with the available data so that quick decision can be made. The integration of appropriate tools with the 
sustainability elements in the selected stage of the product development process is much more importance and useful. Therefore, 
a new methodology has been proposed in the previous work by Hassan et al. [11]. However, further improvement has been 
made to the previous work since manual calculation of sustainability score consumes more time and requires knowledgeable 
person in charge to completely make a decision. This paper presents a development of computer-based decision support system 
(DSS) for sustainability evaluation named Product Sustainability Evaluation Tool (ProSET). The system calculates the 
Weighted Sustainability Score (WSS) of alternate part configurations by quantifying 26 sustainability metrics throughout the 
total product’s life-cycle using neural network model and weighted decision matrix as the platform. The developed DSS of 
ProSET structure will be presented in section IV. 

II. LITERATURE REVIEW ON DECISION SUPPORT SYSTEM 

In the current literature, many researchers have presented different approaches that integrate design tools with sustainability 
requirements for improving the initial product designs with more sustainable options before selecting the final design [12] 
rather than developing a comprehensive tool for readily to be used by users. The decision support system (DSS) is developed 
to be comprehensive, yet simple enough for being applied by any user even without a technical background [13]. In this section, 
the literature has been reviewed on available DSS application for sustainability evaluation. 

Sliogeriene et al. [14] developed a DSS for sustainability evaluation of power generation technologies. Shin et al. [15] 
developed a DSS to improve sustainability performance of manufacturing process. Do et al. [13] programmed a DSS to select 
food drying technologies. Vinodh et al. [16] implemented a DSS linked fuzzy logic-based sustainability evaluation to measure 
the sustainability level of a manufacturing organization. Pediaditi et al. [17] presented a web-based DSS named Protected Area 
Sustainability Evaluation and Monitoring (PASEM) to monitor and evaluate the sustainability of Mediterranean protected 
areas. Rosen et al. [18] developed SCORE (Sustainable Choice Of Remediation) to provide a transparent assessment of the 
sustainability of possible remediation alternatives relative to a reference alternative. Hassan et al. [19] developed a decision 
tool using analytic hierarchy process (AHP) for sustainability performance evaluation in configuring product design. In a 
summary, based on the literature review, it was found that although many researchers have developed the DSS on sustainability 
evaluation but the DSS that developed for making decisions in the product development process is very scarce. 

 

 

Fig. 1. The use of ProSET in the configuration design activity 
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III. METHODOLOGY 

Based on the previous work by Hassan et al. [11], a methodology to evaluate sustainability in configuration design using 
weighted decision matrix and artificial neural network has been successfully presented. The methodology involved the 
following steps: 

Step 1: Identify a product to be configured 

Step 2: Decompose product: Standard/special-purpose part 

Step 3: Generate alternate part configurations 

Step 4: Sustainability analysis 

Step 5: Arrange the selected part configuration into a complete product 

 

 

 

Fig. 2. DSS architecture of ProSET 
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The most important stages in the methodology are the evaluation and selection processes of several alternate part 
configurations in the sustainability analysis. Thus, ProSET is developed accordingly and plays an important role in both 
processes in order to come out with the best solution. Fig. 1 shows the use of ProSET in the configuration design activity from 
product decomposition, generating alternate part configurations, and evaluating the generated alternate parts to select the most 
sustainable part configuration based on WSS. 

IV. PRODUCT SUSTAINABILITY EVALUATION TOOL (PROSET) DEVELOPMENT 

The DSS architecture of ProSET as shown in Fig. 2 has been developed using MATLAB7.10. First of all, the user needs to 
determine the weight factors of sustainability performance for a target product by setting the weights for the TBL aspect. 
Consequently, the environmental, economic and societal performances are displayed. If the displayed sustainability performance 
is accepted, the evaluation process can be proceeded into the next phase; otherwise, the process needs to be repeated by setting 
the weights for the TBL aspect at the beginning. To start the evaluation process, the target product and a part are identified. 
Based on the generated alternate part configurations, required information, including the shapes, material types and production 
methods are entered. Afterwards, specific data of the alternate part configurations are entered regarding the environmental, 
economic and societal criteria. After the required data are entered, evaluation on the alternate part configurations are performed 
by comparing them with regards to sustainability criteria. In the final step, the WSS is calculated and visual representations of 
the alternate part configurations with regards to sustainability performance can be displayed to enable analysis of improvement. 

A. ProSET Front Page 

The entry of the ProSET displays the Main Menu page and provides the user with five key options; Introduction, 
Methodology, Sustainability consideration, Help and Evaluation, as illustrated in Fig. 3. Basically, an introduction plays an 
important role in introducing a product or system for a first-time user. In this page, the Introduction menu links to the Introduction 
page of ProSET. This page provides a lot of information about the developed system including product descriptions, product 
features and capabilities, approaches used in the system, and applications. The Methodology menu links with the Methodology 
page for ProSET, which can assist the user to understand in more detail a step-by-step approach to conduct the ProSET. The link 
that concerns about sustainability consideration has been placed under the Sustainability Consideration menu to provide 
information directly to the user for better understanding the sustainability factors that have been considered in the ProSET. Help 
menu is to provide guidelines to a user when using the ProSET. It presents a detailed explanation of how to run the system and 
understand how the ProSET works, which aims to help any level of user. This page provides a step-by-step process from the 
analysis of sustainability performance, and the sustainability performance evaluation on the alternate part configurations to the 
selection of the most sustainable part configuration based on the generated WSS on each of them. Start Evaluation menu will 
link to the page of sustainability evaluation once the user has ready to begin the activity.  

 

Fig. 3.  Front page of ProSET architecture 

B. Sustainability Evaluation 

The sustainability evaluation of ProSET links with two main pages where the first page has to determine the weight factors 
for sustainability performance and then proceed to the second page where sustainability evaluation on a selected part of a 
product is performed. The detail of conducting the sustainability evaluation in ProSET as follows: 

1) Determine Weight Factors for Sustainability Performance 
The page to determine the weight factors is depicted in Fig. 4. There are two main steps in this page: 
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a) Step 1: Set the weights for the TBL aspect, and  

b) Step 2: Set the weight factors for sustainability criteria throughout the entire product life cycle.  

In Step 1, the user needs to fill in the weights for the TBL aspect based on their demand. Once the weights for the 
TBL aspect are confirmed, the weight factors for the sustainability criteria in Step 2 are automatically generated. 
Afterwards, the weight factors can be visualized by plotting charts that represent the environmental, economic and societal 
performances. 

 

Fig. 4. Sustainability Performance page of ProSET 

2) Sustainability Evaluation of Alternate Part Configurations 
After the sustainability performance is confirmed, the next page begins with the sustainability evaluation process as shown 

in Fig. 5. This system uses a weighted decision matrix as the platform. The alternate part configurations need to be clarified 
in terms of forms/shapes, material types and production methods. After entering the magnitude of the alternate part 
configurations with regards to the sustainability metrics, a score is given based on comparison of the magnitude for alternate 
part configurations. When all required data are entered, this system calculates the WSS by quantifying 26 sustainability 
metrics throughout the total product’s life-cycle using neural network model. To generate the WSS, the user needs to click 
the Calculate button on the right side of the page. Furthermore, Plot graph button shows a visual representation of the 
evaluation so that better understanding and modification of the evaluated alternate part configurations can be achieved for 
further improvement. 

V. CONCLUSIONS 

As the importance of sustainability issues and concerns that have been reported in the field of product development are 
increasing in industries and society, sustainability evaluation is very much needed for product designers in making final decisions 
of the product design. In this paper, a DSS named ProSET was developed for evaluating sustainability performance of alternate 
part configurations. The developed DSS architecture of ProSET is based on the previous work by Hassan et al. [11]. The purpose 
of the previous work was to evaluate sustainability level of designed part configurations taking into consideration various factors 
needed for enabling sustainability. The DSS of ProSET uses weighted decision matrix as the platform and calculates the 
sustainability score of each alternate part configuration called WSS by quantifying 26 sustainability metrics throughout the total 
product’s life-cycle using neural network model. Based on the generated WSS, improvement can be made on the designed part 
configuration to be more sustainable in the future. This software provides a new and comprehensive basis for evaluating 
sustainability performance in the product development process. In the future, an application of using ProSET in industry will be 
conducted in order to validate the effectiveness of this decision tool in the product designer working environment.  
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Fig. 5. Sustainability Evaluation page of ProSET 
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