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Abstract— In the era of global warming and fiercely 

competitive business world, it’s essential to increase 

awareness in incorporating environmental aspects into 

continuous quality improvement methodology for 

sustainable product development. These qualities 

improvement are based on the feedback of customer about 

new and existing product in the market and from 

benchmarking of competitors. This research applied Quality 

Function Deployment (QFD) to achieve the goal of green 

design efficiency. GQFD shows balance between product 

development and environmental protection. GQFD proposed 

consists of four phases. In Phase I and Phase II designers 

can find out which parts are most important parts to enhance 

environmental consciousness of their products. In Phase III 

and Phase IV evaluate the effects of design improvement on 

environmental quality requirements. This research used Air 

Conditioner as a case study for implementation of green 

design in product development. 
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I. INTRODUCTION 

Eco-friendly products are the most important issue for 

sustainable society that will not only reduce the impact on 

the environment, but also consider customer expectations 

and economic reality of the company. Some important terms 

such as eco-design, sustainable design, environmentally 

conscious process or products and green products or systems 

are new becoming most important. Furthermore, pressures 

of globalization have ushered in an era of intense 

competition, where eco-friendly products can go a long way 

in helping systems leverages their competition advantages. 

Consequently, manufacturers have to transit to 

environmentally conscious manufacturing strategy. 

Pusporini, Abhary and Luong [1] highlighted the 

introducing environmental aspects into continuous 

improvement methodology such as lean six sigma for 

sustainable product development. As a result, it is important 

to put environmental requirements into product design and 

process development. Karlsson and Luttropp [2] pointed out 

that the main concern for eco-design is integration of 

environmental consideration into product development 

process that would imply how to create smart products or 

methods, effective system solutions and attractive designs. 

Zhnag et al. [3] described that increasingly stringent 

environmental regulations, growing costs for waste disposal, 

and increasing threats of product liability litigation have 

accentuated the importance of developing environmentally 

friendly products. It is more effective than other traditional 

methods because it does not require detailed data on 

manufacturing processes of the product and it can handle 

attributes with uncertainty and incompleteness in nature. 

Quality Function Deployment initially develop in 

Japan in the late 1960s and early 1970s, especially since its 

rapidly spreading to the US in the 1980s and later to many 

industry in many nations, a vast literature on QFD has 

evolved . 

Environmental issues have been introduced in new 

product development especially from the 90s. Cristofari et 

al. (1996) combines QFD and LCA in GQFD-I; Zhang et at. 

(1999) further incorporates the LCC with LCA and QFD in 

GQFD-II; Mehta and Wang (2001) utilizes the Eco-

indicator’s 99 method (Goed koop and spriensma1999) for 

quantifying the environmental impact of the product in 

GQFD-III. Finally Dong et al. (2002) includes fuzzy multi-

attribute utility theory to estimate the life cycle cost in 

GQFD-IV. 

II. PAPER SURVEYS 

This research was focused in two major directions (1) Green 

design concept (2) Green Quality Function Deployment 

(GQFD). 

A. Green Design Concept 

To attain green design, the well-known concept of the 3 R’s 

(Reuse, Recycle and Reduction) has been expanded to 6 R’s, 

which now included (Redesign, Reprocess and Reconcept). 

The 6’R concept was deeply integrated into each stage of 

the product life cycle [4]. By subramaniyam [5] Recycling is 

the process of converting a used material into new product 

in order to prevent waste of potentially useful materials, 

including organic recycling but excluding energy recovery. 

From this process we obtain some benefits such as reduce 

the consumption of fresh raw materials, reduce energy 

usage, reduce air and water pollution by reducing the need 

for conventional waste disposal and lower green house gas 

emissions. Some terms of Recycled product, Recyclable 

product, Design for recycling, Green supply chain 

management, New Product Design with respect to 

environment, Eco-Design products.  

B. Green Quality Function Deployment 

GQFD is a powerful tool for developing environmentally 

friendly products. In GQFD, put environmental 

requirements into product design and process development. 

In this research GQFD, first used to establish a relationship 

between the developer, customer and product itself. GQFD 

was used to analyse products based on criteria that the 

customer value the most along with green design guidelines 

in product development [6]. In GQFD projects involving 

designing existing products, the WHAT’s are collected and 

processed just as though the product were new. However, 

the HOW’s are the realization mechanisms. Target values 

are connected to the house of quality. The relation matrix is 

filled in, and the HOQ is analyzed. Reference [7] used the 

QFD technique to successfully integrate green energy and 

green environment ideas into the product production process 
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as part of consumer demand. After multiple expansions of 

the development plan, consumer demands were transformed 

into criteria for quality improvement in order to find out the 

key module that affects product development the most. This 

approach is based only from the customer requirements 

(voice of customers) that would be transformed into high 

characteristics of products. 

1) Environmental Voice of Customer (VOC) and 

Environmental Technical Characteristics (TC) 

When designers improve their products environmentally, 

they will listen to the voice of green consumers. There were 

some researches on green marketing (Stevels, 2000) [8], 

however, the requirements for the environment from the 

consumers are not strong so far. Many companies are 

extending their responsibility to consider the upstream 

environmental impact of manufacturing and the downstream 

impacts of consumer use and disposal of products. Eagan et 

al. (2001) [9] identified two categories of customers who 

might represent the environment. The first category includes 

the customers who speak directly for the environment like 

environment like environmental regulators and green 

consumers. The second category includes the customers 

whose behaviour and actions support the environment such 

as recyclers and end-of-disposal plants. Masui et al. [10] 

proposed what kind of requirements and attributes should be 

considered from the environmental point of view through a 

whole product life cycle, and then integrated those 

environmental items into a set of feasible green VOC and 

TC, and their correlation factors. The environmental VOC 

and TC items are as follow: 

2) Environmental VOC’s (Adopted from Masui et al.) 

 Less material usage 

 Easy to transport and retain 

 Easy to process and assemble 

 Less energy consumption 

 High durability 

 Easy to reuse 

 Easy to dissemble 

 Easy to clean 

 Easy to smash 

 Easy to sort 

 Safe to incinerate 

 Safe to landfill 

 Harmless to living environment 

 Safe emission 

 Possible to disposed at ease 

3) Environmental TC’s (Adopted from Masui et al.) 

 The weight of product 

 The volume of product 

 Number of parts 

 Number of types of materials 

 Likelihood to get dirt 

 Hardness  

 Physical lifetime 

 Amount of energy consumption 

 Rate of recycled materials 

 Mass of air pollutant 

 Mass of water pollutant 

 Mass of soil pollutant 

 Biodegradability  

 Toxicity  

 
Fig. 1 GQFD flow and design support tool 

Reference: K. Masui, T. Sakao, A. Inaba [11] 

III. METHODOLOGY 

In this figure, a methodology of GQFD is introducing for 

design a product. As outlined figure 1, Conceptual design, 

qualitative design review, detail design and quantitative 

design review are following to product concept making 

using GQFD. GQFD Methodology has four phases. The 

outcome of GQFD phase I and phase II is identification of 

components that should be focused in product design when 

environmental as well as traditional items are considered. 

After identifying the important parts and components, 

design engineers will try to improve the design of their 

products at the view points of environment. It is helpful for 

design engineer to evaluate the effect of their design 

changes on environmental aspects of the product 

beforehand. And GQFD Phase III and phase IV, design 

engineers would examine the possibility of design 

improvements for each component and find out the 

improvement effects of their design changes.   

IV. IDENTIFYING THE TARGET OF DESIGN IMPROVEMENT  

A. GQFD Phase I 

Table 1 and 2 shows examples where GQFD is applied to 

the design of an Air Conditioner. Table 1 shows the 

deployment of Environmental VOC to Technical 

Characteristics (TC’s) (Phase I). VOC items in the table 

include the environmental VOC items such as “less 

material usage” as well as requirements items from 

customers such as “cools quickly” and “quiet.” Usually 

VOC items are based on market survey to show the 

“Customer Weights.” “9” shows that it is very important, 

“3” shows it is important, and “1” shows it is relatively 

important. The degree of importance of environmental 

VOC is dependent on the concept of developed product or 

the context of product life cycle. Further, they might be 

decided based on the result of LCA, which is the 

quantitative evaluation method, applied to a similar 

product. On the other hand, TC’s items include new items 

such as “amount of energy consumption” as well as 

traditional items such as “air circulation.” At crossing 
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points between VOC items and TC items are shown 

numbers indicating magnitude of both factors called 

“Relational Strength” determined by 

“Relative Weight” for each item is obtained by the 

Raw Score / Sum of the Raw Score. From table 1 shows 

that “air circulation” , “air temperature” , “amount of 

energy consumption” and “noise & vibration” are relatively 

important as TC items to satisfy customer requirements 

such as “less energy consumption,” “high durability,” “high 

performance” and “harmless to living environment” as well 

as traditionally required quality items such as “cools 

quickly,”  “easy to repair” and “operates easily.” 

B. GQFD Phase II 

In Phase II “Deployment of TC items to Components of 

Products,” relative importance for each components of the 

product is obtained in the same way as Phase I. From Table 

2 found that “Motor” is the most important and then 

“housing” and “compressor” is important. To 

environmentally improve existing systems, compare the 

results obtained here with the QFD results without the 

green VOC and environmental TC items. 

V. EVALUATION METHOD OF DESIGN IMPROVEMENT 

When design engineers improve their product from a 

viewpoint of the environment, evaluating effects of 

candidates of design changes on environmental aspects is 

an effective process after identifying the improvement 

components. 

A. GQFD Phase III 

In Phase III, the effect of a set of a design changes on TC’s 

items are estimated. There are two approaches when design 

engineers will decide where they should first focus on. One 

approach is originated from target of “less energy 

consumption” VOC for example, they should seek the parts 

which can be suppressed in terms of “amount of energy 

consumption.” The other one is examining the most 

important components identified in Phase II. Table 3 shows 

an example of Phase III for an Air Conditioner. Here, we 

gave priority to the environmental aspects, and the design 

improvement plan was mainly set from the viewpoint of 

amount of energy consumption. This improvement rate to 

each TC item MRj is obtained from the equation [11]. 

 
Table 1 GQFD Phase II of an Air Conditioner 

MRj = { ∑            
   } / ∑      

    

Where j= 1,2,3………J 

MR= improvement rate 

K= index no. of components   &  J= Index no. of TC’s 

Bj,k = relational strength between TC items and 

Components 

Cj,k = improvement rate of TC items to CC items, and 

originally allowed to take the real number from 0.0 to 1.0. 

In this paper Cj,k can take the binary digit. 

B. GQFD Phase IV 

In Phase IV, translate the effect of design changes on TC 

into green VOC’s. This table shows that the numbers of 

customer weight and relational strength between VOC 

items and TC items are same as shown in Phase I. The 

improvement rate for TC items obtained in the Phase III are 

at the bottom of the table. The improvement rate for each 

environmental VOC VRi is obtained from the following 

equations [11]. 

VRi = { ∑          
 
   } / ∑     

 
    

Where  i= 1,2,3………I 

MR= improvement rate 

I= index no. of VOC items   &  J= Index no. of TC’s items 

Ai,j= relational strength between VOC items and TC items 

VRi = improvement effect of Customer Requirements 
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Table 2 GQFD Phase III of an Air Conditioner 

 

Table 3 GQFD Phase IV of an Air Conditioner 

VI. CONCLUSION 

In this paper apply GQFD to develop a design and 

development procedure for a product like an Air 

Conditioner. To determine the importance of various Air 

Conditioner parameter to users and then subsequently design 

both a lower cost alternative as well as a high performance 

model with GQFD technique. Customer requirements are 

recorded in the rows of HOQ matrix and the design 

characteristics are placed in the columns of matrix. Empty 

row in the relation matrix identify the unmet customer 

expectation and empty columns identify the mechanisms 

that meet no customer need. From previous paper, four most 

important parameters are consider to modification for 

improvement in design, these parameter are Air Circulation, 

air temperature, amount of energy consumption & noise and 

vibration. From Phase II  three most important components 

for modification & they are motor, compressor & housing 

green design parameter & In  Phase III  give priority to 

green design parameter such as  physical lifetime, amount of 

energy consumption, noise & vibration and toxicity of 

materials. From Phase IV, get improvement rate of technical 
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characteristics, improvement rate of customer requirements 

and also improvement effects of customer requirements. 
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