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ABSTRACT 

The eco-design approach for new product development 
is becoming progressively more and more important for 
market and legislative reasons especially in advanced markets 
(EU USA, East Asia, etc.). 

This paper analyzes through Axiomatic Design (AD) the 
potential capability of  the meta-product approach connected 
with the use of  a tailored Smart Eco-design Platform, for the 
improvement of  the eco-sustainability of  products. The 
approach, proposed by the authors to eco-design, introduces 
the meta-product level (or Functional System level) as the 
reference level for detecting and developing the optimal 
design through the use of  AD. The first axiom aims to define 
the Design Matrix of  the Functional System in order to detect 
its best configuration. The purpose is to avoid an optimization 
without appropriate knowledge in terms of  interaction meta-
product-resources. Then the Functional Requirements 
definition, used in AD, could represent the ideal index for the 
ease of  sharing information and knowledge on a wide scale  
among different industrial sectors. 

The development of  the Smart Eco-design Platform 
could encourage the use of  this approach in real product 
development. In this way it could be possible to develop a 
system of  products with an overall higher level of  eco-
sustainability optimization, i.e. a system that needs less 
consumption of  energy and material during all the products 
life cycles.  

A case study about the improvement of a functional 
system composed of a refrigerator and a kitchen cabinet is 
included in the present paper to explain clearly the proposed 
approach. 

Keywords: eco-design, Functional System, design approach, 
product development, meta-product. 

1 INTRODUCTION 

Scientific research and industrial results have been 
developing with a focus on effective eco-design approaches 
for new product development [Cappelli et al,. 2006; Collado-
Ruiza, et al., 2010; Roche et al., 1999; Waage, 2006]. Through 
these activities, good technical knowledge about the science 

and the characteristics of  different materials and their level of  
environmental impact has been developed and collected in 
many commercial databases (e.g. Ecoinvent, Idemat, ETH-
ESU, ELCD, etc.). In addition, many indices, measurement 
methods and technological guidelines have been introduced to 
measure and manage the environmental impact performances 
of  a large set of  industrial products [Riess et al., 1999 and Le 
Pochat et al., 2007]. All of  these skills are strongly connected 
with a smart use of  raw materials (reduction of  weight, 
recyclability and management of  hazardous materials), of  
energy (CO2 emission reduction and energy efficiency) and 
the reduction of  waste (scrap and hazardous materials). 

An analysis of  the current state  of  the art shows that the 
impact of  eco-design activities for the development of  new 
product are mainly limited by the following two main critical 
issues. On one hand, a single product point of  view is used 
for eco-design analysis and considerations. In fact, traditional 
approaches obtain a first level of  optimization through the 
progressive extension of  the use of  the knowledge 
(transformed in useful information for designers and process 
managers) in the overall supply chain of  each product [Zhu, et 
al., 2010]. In this way it could be possible to obtain design 
solutions for each product which is able to optimize the 
environmental impact of  a supply chain with different levels 
of  complexity. The potential result is of  undoubted value but 
it could be considered as a first level of  optimization for the 
Eco-design Approach. As a matter of  fact, the usual Eco-
design Approach optimizes the single product independently 
of  the system synergies related to the products that belong to 
the same meta-product during their life cycle. On the other 
hand, the sharing and the use of  eco-design knowledge and 
experience in a large set of  the industrial sector results in 
complexities for industrial users. Consequently, only a few 
industrial sectors (for instance the automotive one) have 
successfully introduced eco-design activities in their new 
product development processes with different levels of  
effectiveness [Johansson, 2002]. One of  the most important 
root causes of  this aspect is that all of  the information is 
organized in a database based on the Technical Characteristics 
of  the products that are often very different (per sector) from 
each other. 
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