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RESUMEN 

Este trabajo es parte de un análisis de métodos de diseño sustentable reportados en la literatura especializada. Cradle 

to Cradle se ha identificado como uno de los marcos de referencia más referenciados, robustos, y utilizados para 
desarrollar productos sustentables por diferentes empresas. Este artículo sintetiza un estudio realizado sobre Cradle 

to Cradle el cual consiste en un Análisis Taxonómico Conceptual en tres niveles: desarrollo sustentable, desarrollo 
sustentable del producto y tareas de diseño. También se aplican los conceptos, métodos y herramientas que se 
utilizan para su implementación en el rediseño de un producto. Finalmente se hace un análisis comparativo entre el 
diseño original y la propuesta de rediseño en términos de parámetros de sustentabilidad de un producto.  

 

ABSTRACT  

This paper is part of a research on sustainable development methods reported in the specialized literature. The 
research has identified Cradle to Cradle as one of the frameworks, more referenced, robust, and used by companies. 
This paper presents a synthesis of a study carry out on Cradle to Cradle by the authors. The study consists of a 
Conceptual Taxonomic Analysis at three levels: sustainable development, sustainable product development and 
design tasks. Also furthermore is showed the application of concepts, methods and tools necessaries for redesigning 
are showed using a product, e.g. Motorized Lenses. Finally a comparative analysis between the original design and 
the proposed redesign and the proposed redesign proposes in terms of sustainability parameters of a product is 
showed. 
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INTRODUCTION 
 

Nowadays there are different methods, tools and 
frameworks that are aimed at assisting designer in the 
process of designing sustainable products. Some of 
these are Biomimicry (Benyus 1997), Cradle to 
Cradle (McDonough 2002) and Total Beauty 
(Datschefki 2002). 
 

The design efforts on the Sustainable Product Design 
(SPD) looks for the integration of the triple bottom 
line for sustainability: society, economics and 
environment (Charter 2007). Sustainability is 
observed in each stage of the product lifecycle having 
as target to increase the value of the capital related in 
each stage. For sustainability the concept of capital 
has a more ample meaning [Hawken 1994]:  
 

• Human capital: labor and intelligence, culture and 
organization. 

 
• Financial capital: cash, investments and monetary 
instruments. 
 

• Manufactured capital: infrastructure, machines, 
tools and factories. 
 

• Natural capital: resources, living systems and 
ecosystem services. 
 

This paper presents an analysis of the Cradle to 
Cradle (C2C) framework. The analysis refers to the 
following structure: 1) ‘C2C theoretic framework’, 
which presents the principal key concepts of C2C; 2) 

‘Taxonomy of concepts’, which shows a taxonomy 
study of C2C at three levels of abstraction (e.i. 
sustainable development, sustainable product 
development and sustainable product design tasks. 3) 

‘C2C Design Process’, in which process based on 
C2C is used to redesign a motorized lenses. 4) 

‘Results’, which identifies the differences between the 
original and the proposed of redesign. In the end of 
the paper some conclusions are presented alone with 
future work.  
 

 

C2C THEORETIC FRAMEWORK 

 
In the context of sustainable product development, a 
framework can be defined as (Flores 2008): The 
cluster of concepts and methods that a company 
defines to organize the procedure of decisions taking 

in the economic, social and environment for the 
development of a product or service.  
 
The C2C design framework was developed by 
MBDC that is a consultancy firm founded in 1995 by 
William McDonough and Michael Braungart (MBDC 
2008).  
 
They proposed the philosophy, principles and 
concepts of C2C that are used to improve companies´ 
practices to make them sustainable (McDonough 
2002). In specific, this paper is focused in one 
particular C2C practice, the product redesign process.  
 
MBDC has defined three basic principles (also the 
authors refer to these principles as “tenets”) based on 
the observation of the natural systems. These 
principles are: 
 
Waste equals food: It refers to the processes of by 
which of each organism engaged in a living system 
contribute to the health of the whole. The concept of 
waste virtually does not exist in nature because each 
organism’s processes contribute to the health of the 
whole ecosystem. Designers can recognize that all 
materials can be designed as nutrients that flow 
through natural or designed metabolisms.  
 
Use current solar income: It refer to the use of 
sunlight to “manufacture food”. Designers can use 
this principle to ensure that energy is renewable 
rather than depleting.  
 
Celebrate diversity: Healthy ecosystems are complex 
communities of living things. Designers might profit 
from this principle by considering the maxim “all 
sustainability is local”. It means optimal sustainable 
design solutions draw information from and 
ultimately “fit” within local natural systems. 
Others two relevant concepts related to the first 
principle are:  
 
Biological Metabolism: It refers to the natural 
processes of the ecosystems. This metabolism needs 
biological nutrients that consist in biodegradable 
material posing no immediate or eventual hazard to 
living systems that can be used for human purposes 
and can safely return to the environment to feed 
environmental processes. 
 
Technical Metabolism: It is modeled on natural 
systems. It is a term used for the processes of human 
industry that maintain and perpetually reuse valuable 
synthetic and mineral materials in closed loops. This 
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metabolism needs materials that remain in a closed-
loop system of manufacture, reuse, and recovery, 
maintaining its value through many product life 
cycles. 

 

C2C makes a difference between two concepts, ‘Eco-
efficiency and Eco-effectiveness’. The difference is 
explained in the context of the sustainability of a 
product (a representation of this is showed in figure 
1). 
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Figure 1. Eco-effective vs. Eco-efficient 

 

Eco-efficiency: Refers to the strategies for 
“sustainability” of minimizing harm to natural 
systems by reducing the amount of waste and 
pollution that human activities generate. In this 
context sustainable design is the process that defines 
objectives that pretend to increase the economic value 
of a product, and simultaneously decrease the 
negative effects to the environment and to the society.    

 

Eco-effectiveness: Refers to the strategy for designing 
human industry that is safe, profitable, and 
regenerative; producing economic, ecological, and 
social value. To achieve this kind of industry, C2C 
proposes to keep the quality and the productivity of 
materials through subsequent life cycles. 

 

The philosophy of C2C design can be expressed 
saying that in an ideal design a 100% of the materials 
are nourishment into a biological metabolism or a 
technical metabolism. 

 

In order to achieve an ideal design McDonough, et al. 
(2002), defined a strategy for an eco-effective product 
(re)-design.  This can be summarized as: 

 

1. Get “free of” known culprits. It refers to turn away 
the substances that are widely recognized as 
harmful. These harmful substances are called as "X" 
substances. The decision to create products that are 
"free of", form a kind of a "design filter"; a filter 
that is in the designer's head instead of on the ends 
of pipes. The goal of this stage of the process is 
positively selecting the ingredients of which a 
product is made, and how they are combined, is the 
goal. 
 

2. Follow informed personal preferences. In any 
design process decisions are taken under the best 
available information, but considering the lack of 
data and experience on sustainable issues. But there 
are ways to make better choices or preferences for 
sustainable product design, for example:  
a. Prefer ecological intelligence: choose products 

or substances that does not contain or support 
substances and practices that are blatantly 
harmful to human and environmental health. 

b. Prefer respect: respect to those who make the 
product, for the communities near where it is 
made, for those who handle it, and ultimately for 
the customers. 

c. Prefer delight, celebration, and fun: for 
ecological intelligent products to be at the 
forefront, they should express the best of design 
creativity, adding pleasure and delight to life.  

 

3. Create a “passive positive” list (P). The list is made 
by systematically evaluating the materials of a 
product and classifying them according to its 
toxicity to human and ecosystems. The "P" list 
includes substances defined as healthy and safe for 
use. This step is target to rethink what the product is 
made of, not what it fundamentally is--or how it is 
marketed and used. 
 

4. Activate the positive list. It refers to optimize the 
“P” list until the point of each material is truly 
defined as biological or technical nutrient.  It is 
necessary to encode information about all of the 
ingredients in the materials themselves, in a kind of 
"upcycling passport" that can be read and used 
productively by the future generations. 

 
5. Reinvent. This concept gives to designer to reinvent 
the relationship whit the end user, as for example 
create business models based on the service of the 
product and not necessary on the product by itself. 
 

In this section were presented the elements that 
defines the C2C framework for the redesign of a 
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product, i.e.: a) the ‘general concepts’ and b) the 
‘strategy’ for the redesign of a product. These 
elements will be analyzed whit detail in the next two 
sections, the ‘general concepts’ with a taxonomy 
study and the ‘strategy’ whit the redesign of the ML. 
 
 
TAXONOMY OF C2C CONCEPTS  

 
The ‘taxonomy’ concept refers to the study of the 
general principles of scientific classification (EB 
2008).  Also the taxonomy studies are commonly 
used to add order and clarity to large bodies of 
information (Gershenson 1999).  
 
The present taxonomic study began with the analysis 
of publications written by the MBDC authors. Other 
references where not considered at this point, this is 
to ensure that the definitions, methods and use way of 
concepts are obtained from the original sources. 
 
As a result of this study a table with relevant concepts 
and their description was made. It was identified 44 

concepts. A fragment of this table can be observed in 
table 1. 

 

Gershenson (et.al. 1999) points out three interrelated 
issues that characterize a taxonomy study; these 
issues are: parallel structure, completeness and 
perceptual orthogonality. These issues applied to the 
C2C taxonomy study can be explained as: 

 

1. Parallel structure: This issue helps to define the 
frontiers and gives structure to the study. For C2C, 
it was carried out in three levels of abstraction (see 
table 1):  

a. ‘Sustainable Development’: It refers to concepts 
with a high level of abstraction or too generic, that 
justifies the conceptual framework of the C2C 
Sustainable Product Development method. The 
relevant concepts were classified according to its 
sustainability focus (environment, social and 
economy) (Parris 2003). 

 

 
Table 1. Relevant concepts in C2C. 
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ΧΟΝΧΕΠΤΧΟΝΧΕΠΤΧΟΝΧΕΠΤΧΟΝΧΕΠΤ ∆  Ε Φ Ι Ν Ι Τ Ι Ο Ν∆  Ε Φ Ι Ν Ι Τ Ι Ο Ν∆  Ε Φ Ι Ν Ι Τ Ι Ο Ν∆  Ε Φ Ι Ν Ι Τ Ι Ο Ν ∆  Ε Σ Χ Ρ  Ι Π Τ Ι Ο Ν∆  Ε Σ Χ Ρ  Ι Π Τ Ι Ο Ν∆  Ε Σ Χ Ρ  Ι Π Τ Ι Ο Ν∆  Ε Σ Χ Ρ  Ι Π Τ Ι Ο Ν

1111

Χ2Χ Ιτισασχιενχε−−ανδ ϖαλυεσβασεδ

ϖισιον οφ συσταιναβιλιτψ

συχχεσσφυλλψ τηατ ενυνχιατεσ α

ποσιτιϖε, λονγ−τερµ γοαλ φορ

ενγινεερσ [(3) πεγ 435] .

Χ2Χ δεσιγνσ ινδυστριαλσψστεµσ το βε χοµµερχιαλλψ προδυχτιϖε, σοχιαλλψβενεφιχιαλ, ανδ εχολογιχαλλψ

ιντελλιγεντ. Χ2Χ ισ α φραµεωορκ τηατ ποσιτσ α νεω ωαψ οφ δεσιγνινγ ηυµαν σψστεµσ το ελιµινατε

χονφλιχτσβετωεεν εχονοµιχ γροωτη ανδ ενϖιρονµενταληεαλτη ρεσυλτινγ φροµ ποορδεσιγν ανδ µαρκετ

στρυχτυρε. Ιτ ισβασεδ ον τηε µανιφεστεδ ρυλεσοφνατυρε ανδ ρεδεφινεσατηανδ, εχο−εφφιχιεντ στρατεγιεσ

χαν σερϖε α λαργε πυρποσε [ (3) πεγ 436].

2222

Χ2Χ 

∆ΕΣΙΓΝ

Ισ αν ιννοϖατιϖε αππροαχη το

συσταιναβιλιτψ τηατ µοδελσ ηυµαν

ινδυστρψ ον τηε ιντεγρατεδ

προχεσσεσ οφ νατυρε�σ βιολογιχαλ

µεταβολισµ� ιτσ προδυχτιϖε

εχοσψστεµσ� βψ δεϖελοπινγ αν

εθυαλλψ εφφεχτιϖε τεχηνιχαλ

µεταβολισµ, ιν ωηιχη τηε

µατεριαλσ οφ ηυµαν ινδυστρψ

σαφελψ ανδ προδυχτιϖελψ φλοω

[(5) πεγ 3 ] .

Χραδλε το Χραδλε ∆εσιγν ισΜΒ∆Χ∋σδεσιγν παραδιγµ, βασεδ ον πρινχιπλεσ ανδ αν υνδερστανδινγ οφ

τηε πυρσυιτ οφ ϖαλυε, ασ ωελλ ασ ΜΒ∆Χ∋σ προχεσσεσ φορ προδυχτ ανδ µατεριαλ ρεσεαρχη ανδ

δεϖελοπµεντ, ανδ φορεδυχατινγ ανδ τραινινγ. Αταφυνδαµενταλλεϖελ, τηε νεω παραδιγµ προποσεστηατ

ηυµαν δεσιγν χαν λεαρν φροµ νατυρε το βε εφφεχτιϖε, σαφε, ενριχηινγ, ανδ δελιγητφυλ. Χραδλε το Χραδλε

∆εσιγν µοδελσ ηυµαν ινδυστρψ ον νατυρε∋σ προχεσσεσ, ιν ωηιχη µατεριαλσ αρε ϖιεωεδ ασ νυτριεντσ

χιρχυλατινγ ιν ηεαλτηψ, σαφε µεταβολισµσ. Ινδυστρψ µυστ προτεχτ ανδ ενριχη εχοσψστεµσ� νατυρε∋σ

βιολογιχαλµεταβολισµ� ωηιλε αλσο µαινταινινγ σαφε, προδυχτιϖε τεχηνιχαλµεταβολισµ φορ τηε ηιγη−

θυαλιτψ υσε ανδ χιρχυλατιον οφ µινεραλ, σψντηετιχ, ανδ οτηερ µατεριαλσ [6].

3333

Τεναντσ οφ

Χ2Χ δεσιγν

Χ2Χ ιδεντιφιεστηρεε κεψτεναντσ

ιν τηε ιντελλιγενχε οφ νατυραλ

σψστεµσ τηατ χαν ινφορµ ηυµαν

δεσιγν [(3) πεγ 436] :

1.− Ωαστε εθυαλσ φοοδ: Ω αστε ϖιρτυαλλψδοεσ νοτ εξιστ ιν νατυρε βεχαυσε εαχη οργανισµ∋σπροχεσσ

χοντριβυτε το τηε ηεαλτη οφ τηε ωηολε εχοσψστεµ (τηινκ βιολογιχαλ µεταβολισµ). Τηε τεχηνιχαλ

µεταβολισµ ισδεσιγνεδ το µιρρορτηε βιολογιχαλµεταβολισµ; ιτισαχλοσεδ λοοπ σψστεµ ιν ωηιχηβενιγν,

ϖαλυαβλε, ηιγη−τεχη σψντηετιχσ ανδ µινεραλρεσουρχεσχιρχυλατε ιν χψχλεσ οφπροδυχτιον, υσε, ρεχοϖερψ

ανδ ρεµανυφαχτυρε.

2.− Υσε χυρρεντ σολαρ ινχοµ ε: τρεεσ ανδ πλαντσ υσε συν λιγητ το µανυφαχτυρε φοοδ. Ηυµαν ενεργψ

σψστεµσ χαν βε νεαρλψ ασ εφφεχτιϖε.

3−Χελεβρατε διϖερσιτψ: Ηεαλτηψεχοσψστεµσαρε χοµπλεξ χοµµυνιτιεσοφλιϖινγ τηινγσ, εαχη οφωηιχη

ηασ δεϖελοπεδ α υνιθυε ρεσπονσε το ιτσ συρρουνδινγσ τηατ ωορκσ ιν χονχερτ ωιτη τηοσε οφ οτηερ

οργανισµσ το συσταιν τηε σψστεµ . Ω ηεν δεσιγνερχελεβρατε διϖερσιτψ, τηεψ ταιλορδεσιγνσ το µαξιµιζε

τηειρ ποσιτιϖε εφφεχτσ ον τηε παρτιχυλαρ νιχηε ιν ωηιχη τηεψ ωιλλβε ιµπλεµεντεδ−−αλλσυσταιναβιλιτψ ισ

λοχαλ. 
 

 

b. ‘Sustainable Product Development’: It refers to 
the generic product development process and its 
sub-classification (Woy 2007). This means in pre, 

during and post- product development. The 
advantage of sub-classified in this way is to 
identify the methods and tools according to its 
purpose.  

c. ‘Sustainable Product Design Tasks’. This is the 
lowest of abstraction and includes specific 
concepts in terms of design activities. This level 
of abstraction is divided into four classifications 
of design tasks (Wenzel 2000): Focusing 
(referring to point out the most significant), 
Specification (referring to characterize the 
purpose of the product), Synthesis (referring to 

integrate the systems in a functional product) and 
Verification (referring to compliance with the 
product objectives).  

 
2. Completeness: This issue of the taxonomy study 
allows it to be receptive to any concept of its 
domain and permits that each of its parts can be 
appreciated as a complete unit and at the same time 
being part of a major unit. The completeness can be 
observed in two complementary ways: 
a. The first one refers to the integration of the three 
levels of abstraction. This means that Sustainable 
Development contains Sustainable Product 
Development and this contains Sustainable 
Product Design Tasks. 

Table 2. Taxonomy study of C2C product design framework. 
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Complementary information

Biotic factors 

Abiotic factors

2 Social 
Relationships between individuals 

and groups
* Improve the quality of life 

3 Economy Efficient use of  resources * Use and create industrial systems into regenerative forces

Idea generation
* Product of consumption: It is safe and complete return to the environment,
* Product of service: It is used by the customer, but owned by the manufacturer

Concept development * Eco-effectiveness 

5
Product 

Development

Prototype, development and 

testing
* Assess materials for human and ecological health

6
Post-Product 

Development
Commercialization * Reinvent the relationship between product and customer

7 Focusing The most significant * Avoid the use of toxic materials

8 Specification The target for the new product * 100% biological and/or technical nutrient

9 Synthesis The product and its systems * The materials are part of a closed-loop 

10 Verification Compliance with the objectives * Create value throughout the economy, ecology and equity (social)

THE TASK OF THE 

DESIGNER

* Waste does not exist in nature
* All the organisms sustain the system.
* Sun light to manufacture food

SUSTAINABILITY

1
Environment

ABSTRACTION  

LEVELS

SUSTAINABLE 

PRODUCT 

DEVELOPMENT

4
Pre-Product 

Development

C R A D L E   T O   C R A D L E 

Dominant concepts

CONCEPTUAL FACTOR

Sub-clasification

 

 

b. The second one refers to the integrity of each one 
of the abstraction levels. E.g., the complements of 
‘Sustainable Development’ are the environment, 
economic and social aspects (Parris 2003).  

 
3. Perceptual Orthogonality: This issue ensures that 
each taxon can be classified in one and just one 
option. This is done by the ‘sub-classification’ 
definition or by its complementary information. 
E.g., in the abstraction level of Sustainable 
Development one of its elements or sub-
classification is the environment, and its 
complementary information are the ‘biotic and 
abiotic factors’ (EB 2008); elements which are part 
of the environment (complementary information). 
Perceptual orthogonality allows being very specific 
and provides a better judgment for the concept 
classification. 

 
The results of the taxonomy study are exhibit in table 
2. An interpretation of these results can be expressed 
as the follows:  

C2C consider the Sustainability as a dynamic 
interaction between the environment, society and 
economy. The dynamism, as is expressed in the 
‘economy’ issue, is motivated by look for new forms 
of businesses that add up the intentions of the three 
bottom lines. These forms resolve antagonisms as for 
e.g. the one between the environment and economy 
issues. Also is observed that the ‘environment’ is the 
dominant one, because it defines the relations 
between the ‘social’ and ‘economy’ issues.   
 
For the Sustainable Product Development, there is an 
important concept, ‘eco-effectiveness’ (it was 
described in the second section), that was classified in 
the ‘concept development’ stage. This is important 
because it means that from the beginning stages of the 
product development is defined how will be the 
relation between the product and its context, 
especially at its end of life. Another characteristic that 
C2C treat to introduce in the product development 
process is to consider the possibility of change the 
relationship between the product and customer. 
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Collect chemical constituent 
data

Color code material based 
upon MBDC Protocol

“Contextual filter” adjust 
color code based upon how 

chemicals are used

If green or 
yellow (or no 

suitable alternative 
to red / orange)

Weigt the component

Calculate “material 
chemistry weight” for each 
component = weight * 
material chemistry credit

Calculate “material 
chemistry score” for entire 
product = add material 

chemistry weights for all 
components / total product 

weight

Search for safer
alternative

If red or
orange

1

2

3

4

5

6

7

Figure 2. Motorized Lenses (ML)
Figure 3. Material chemistry evaluation process 

used for the Mirra Chair (Rossy et. al. 2006).
 

 

This means, for example, sale to the customer the 
service that the product gives and not the product by 
itself.  A reason for C2C to say this is that in this way, 
the producers will tend to design products (which 
property is from the producers) that keep its value on 
the time, at least the materials value of its parts and 
components. 

 

Regarding the designer´s tasks, the selection of 
materials is the relevant activity and the tasks are 
oriented to: 1) Use materials that are not toxics for 
humans or the environment; 2) Use materials that are 
bio or techno nutrients for other process. The 
challenge for the designers is to identify or develop 
the best material. This means materials that are 100%, 
or close, biological or technical nutrients.  

 

 

C2C DESIGN PROCESS 

 

In a strict sense C2C is not a design process, it is a 
framework that can be used or adapted in specific 
product design processes. An example of this is the 
‘product design process’ defined and implemented by 
Herman Miller, Inc. (HM) for its Mirra Chair (Rossi 
2006). 

The authors of this paper used the process defined for 
the Mirra Chair product, because it use in specific the 
C2C framework and because one of the authors is 
Senior Project Manager at MBDC, the company 
founded by the authors of C2C.  
 

C2C has established as a “goal-driven” that products 
have to be made entirely 100% biological and/or 
technical nutrients. For this HM define a Design for 
Environment (DfE) product assessment tool that 
make possible to evaluate the progress toward C2C 
goal. This process is used in this paper to redesign the 
study case, the ML.  
 
The ML was selected as the study case, because the 
facility of has access to the ML design information, 
especially to the design process and the design 
decisions taken.  
 
Going to the design process (see figure 3) we have: 
 

FIRST STAGE: Collect chemical constituent data 

 
At this stage the ML was disassembled and its parts 
were analyzed obtaining the following:  
 
• 30 Components 
•   9 Different materials 
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• 51 Different chemicals 
 

Table 3, presents the materials proportions of its total 
weight.  
 

Table 3. Materials proportions of the ML 

Materials by weight 
Metal  Alloys 6.8 %  

Plastics 19  %  
Aluminum 27.6  %  

 
The difference to complete the 100% of the weight 
corresponds to the lenses and to the motors, which 
material characterization was not effectuated and they 
were not considered for the redesign. 
 

SECOND STAGE: Color code material based upon 

MBDC Protocol 

 

MBDC defines a material assessment protocol 
(Mcdonough 2003) based upon a hazard assessment 
of each of the chemical constituents to manufacture 
material and it rates them as follow: 
 

• A green rating indicates that a chemical presents 
little or no risk and is acceptable for the desired 
application. 

 
• A yellow rating indicates low to moderate risk, and 
this chemical can be used acceptably until a green 
alternative is found.  

 
• An orange rating means that the chemical is not 
necessarily high risk, but a lack of information 
prevents a complete assessment. 

 
• A red rating means high risk. Chemicals with a red 
rating include all known or suspected carcinogens, 
endocrine disrupters, mutagens, reproductive toxins, 
teratogens, and chemicals that do not meet other 
human health or environmental relevance criteria. 

 
The classification system for the chemicals is based 
on the human and ecological health end points listed 
in table 4.  
 
HM consulted the MBDC specialist to define the 
level of toxicity of each material. According to the 
MBDC process, the chemicals that constitute the 
material is assigned a color according to the rating 
above described for the material. The process defined 
by MBDC can be described as: 
 

1. If the material is clearly classified as red, orange, 
yellow or green, according to the color criteria 
and the protocol of table 4; then the material 
adopts that color classification. 

 
2. If the material cannot be classified then a search 

for the materials is carry out, but this time at level 
of chemicals of the material. The material adopts 
the color of its chemical classified as the most 
toxic. 

 
The techniques, methods, studies and results in 
chemical analysis of materials carry out by MBDC 
are not available to the public. That is way in the 
study case of the ML the materials were classified 
according to different information sources such as for 
example the Agency for Toxic Substances and 
Disease Registry (ATSDR 2009). 
 

THIRD STAGE: “Contextual filter” adjust color code 

based upon how chemicals are used 

 
It refers to the criteria definition that a company 
adopts and decides whether adjust the rating 
downward, for example from red to yellow because 
of minimal exposure concerns. Each case is different 
and is necessary to know the context. 
 

FOURTH STAGE: Search for safer alternative 

 
At this stage, alternative materials to those rated as 
red or orange are looked for. 
 
In the Mirra Chair case (Rossi et al. 2006) was 
defined as a goal the use of materials that rank yellow 
or better. The same goal was set for the redesign of 
the ML. Will be used materials that are ranked yellow 
or better. 
 

Table 5 shows some of the materials calculation of 
the ML redesigned.    
 
In the original ML was identified (e.g.) the use of 
‘Polycarbonate’. This is a material frequently used in 
the electronic industry, but the ATSDR identifies it as 
dangerous for the human health because for its 
manufacture is used the BPA (Bisphenol-A) a 
chemist associated to human reproductive diseases. 
Also the ATSDR indicate the necessity of new 
research of this material to identify other 
consequences against the human health. This material 
was ranked as red. In the redesign the component has 
a rank of green because:  
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Human health endpoints  Ecological health endpoints

Carcinogenicity Algae toxicity
Teratogenicity Bioaccumulation
Reproductive toxicity Climatic relevance
Mutagenicity Content of halogenated organic compounds
Endocrine disruption Daphnia toxicity
Acute toxicity Fish toxicity
Chronic toxicity Heavy metal content
Irritation of skin/mucous membranes Persistence/biodegradation
Sensitization

Other relevant data (e.g., skin penetration 
potential, flammability, etc.)

Other (water danger list, toxicity to soil organisms, etc.)

Table 4. Human and ecological health included in MBDC’s materials assessment protocol 

(McDonough 2003)

 

 

In the context of ‘green chemistry’ is possible to find 
new materials that are environmental convenient. 
These materials are known as ‘organic’ electronics 
materials because the polymers and molecules are 
carbon-based, like the molecules of living things 
(Mohanty 2002). In specific the component made of 
polycarbonate was changed by one made of cellulosic 
plastic, a bio-composite (Mohanty et.al.). 
 
With regard to other components whish function 
implies structural resistant as in the housing can be 
used Biofiber composite (PB 2009).  
 

FIFTH STAGE: Weight the component 

 

• Measure the weight of each component (see the ‘Wt 
(g)’ column on table 5). 
 

SIXTH STAGE: Calculate “material chemistry 

weight” for each component  

 

• Multiply the component’s weight by its material 
chemistry assessment color code, which is 
translated into a percentage: Green=100%, 
Yellow=50%, Orange=25% and Red=0%. See 
column Wt Credit (%) in table 5. 

 
 SEVENTH STAGE: Calculate “material chemistry 

score” for entire product 

 

• Add up the material chemistry weights of all of the 
components (see column ‘Wt Credit (g)’) and 
divide by the total weight of the product to calculate 
a material chemistry score for the entire product 
(see column ‘Final Score’). 
 

The HM Design For Environment (DfE) method 
consider other aspects such as:  
 

DISASSEMBLY 

 

The ease of disassembling products is based upon 
four questions (Rossi 2006): 
 

1. Can the component be separated as a 
homogeneous material (no other material 
attached)? The goal is for disassembly to create 

individual components that may have value when 

recycled. 

 

2. Can the component be disassembled using 
common tools? The goal is to be easily 

disassembled anywhere in the world. 

 

3. Does it take less than 30 seconds for one person to 
disassemble the component? Experts concluded 

that 30 seconds is too long for any component to 

be removed (Rossi et.al.). 
 

4. Is the material identifiable and marked? If parts 
are not marked, then disassemblers will not know 
which recycling bin to place them in. 

 
Each component receives a disassembly score of 
either 100%—if all four answers are “yes”—or 0%—
if one or more answers are “no.” The disassembly 
score for each component is multiplied by the weight 
of the component to achieve a disassembly weight for 
each component. The final disassembly score is the 
ratio of the total disassembly weight to the total 
weight of the product. Table 6 shows the disassembly 
score for the ML. 
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Recyclability + (Recycled / Renewable Content)  

 
The recyclability / compostability of a component can 
be defined by three criteria:  
 

1. Is material a technical or biological nutrient and 
can it be recycled (or composted) within an 
existing commercial collection and recycling 
infrastructure? If yes, the component receives a 
score of 100%. 

 
2. Can the component be down-recycled (recycled 

but into a lesser value product) and does a 
commercial recycling infrastructure exist to 
collect and recycle it? If yes, the component 
receives a score of 50%. 

 
3. Is there no recycling potential or infrastructure for 

the product? If yes, the component receives a 
score of 0%. 

 
The recyclability (see recyclability column in table 7) 
score for each component is calculated by multiplying 
the recyclability percentage by the weight of the 
component. The final recyclability score is the ratio 
of the total recyclability weight to the total weight of 
the chair (see table 7). 
 
The goal for the ML was a recyclability ranking, of 
75%. 
 
The method for scoring recycled/renewable content is 
(see ‘Recycled/renewable content’ column in table 7): 
the percent weight of a component made from 
recycled or renewable content equals the 
recycled/renewable content score for that component.  
The recycled/renewable content score is multiplied by 
the weight of the component to achieve a 
recycled/renewable weight for each component. The 
final recycled/renewable score is the ratio of the total 
recycled/renewable weight to the total weight of the 
ML.  
 
Table 7 shows how both the recycled/renewable 
content score and the combined score for recyclability 
and recycled/renewable content are calculated. The 
combined “recyclability and recycled/renewable 
content score” is a weighted average of recyclability 
(75% of the recyclability weight credit) and 
recycled/renewable content (25% of the 
recycled/renewable weight credit).  

 
The DfE product assessment tool calculates a single 
DfE score for each product. See table 8.  
 

• Calculates a final DfE score for each part in the 
product. The DfE score for each part is determined 
by the scores received in each of the three 
assessment categories: material chemistry (column 
‘Wt Credit (g)’ in table 5), disassembly (column ‘Wt 

(g)’ in table 6), and recyclability– 
recycled/renewable content (column ‘Wt’d ave. 

(g)’in table 7). These scores are summed and 
divided by the total potential DfE weight of the part 
to create a final DfE score. 

 
• Weights each of the three assessment categories 
equally: material chemistry, disassembly, and 
recyclability–recycled/ renewable content. Within 
the last category, recyclability of materials carries a 
higher weight than recycled/renewable content (to 
promote the development of materials that can be 
closed-loop recycled). See column Potential DfE wt 
in table 8. 

 
• Adds the DfE weights for all the parts divided by 
the “total potential DfE weight” of the parts to 
calculate the final DfE score. See column ‘Final 
score’ in table 8. 
 

 

RESULTS 

 
The process described from table 5 until 8 was 
applied to the original design and comparing whit the 
redesign we have: 
 

 ML Original Design ML Redesign 

Material 

chemistry 

score 

40% 85% 

Disassem

bly score 
40% 80% 

Final DfE 

score 

The final DfE score for the redesign is 75%, 
which represent a 35% improvement in 
environmental design from the initial 
design score of 40%. 
 
The result also means that the redesign is 
closer (75% of a possible 100%) of have all 
its components with the characteristic of be 
incorporated to a bio- or techno- cycle. 
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Part # Qty Description Material—Print Supplier Wt (g) Rating  Wt Credit (%)  Wt Credit (g)   Final Score

1 1 Connector of  voltage 
DC

Bioplastics (cellulosic plastic) 4 Green 100 4

2 1 DB9 Connector Bioplastics (cellulosic plastic) 6 Green 100 6

3 1 O-ring parker 2-339 Biofiber composite 0.8 Green 100 0.8

4 1 O-ring parker 2-337 Biofiber composite 2.4 Green 100 2.4

5 2 Lateral fasteners Steel--SAE 1010 30 Yellow 50 15

6 3 Gear Bioplastics (Poliesteramidas) 8.25 Green 100 8.25

7 3 Spring Steel--SAE 1010 9 Yellow 50 4.5

8 3 Bushing Bioplastics (Poliesteramidas) 11.14 Green 100 11.14

1573 1337 85Weight of all the components 

Table 5. Material chemistry calculation for the Motorized Lenses Redesign

 MOTORIZED LENSES REDESIGN

Bill of Material Material Chemistry

 
 

Part # Qty. Description Material—Print Supplier Wt (g) #1 #2  #3 #4 Wt credit (%) Wt (g) Final score

1 1 Connector of  voltage DC Bioplastics (cellulosic plastic) 4 No Yes No Yes 0 0
2 1 DB9 Connector Bioplastics (cellulosic plastic) 6 No Yes No Yes 0 0
3 1 O-ring parker 2-339 Biofiber composite 0.8 Yes Yes Yes No 0 0
4 1 O-ring parker 2-337 Biofiber composite 2.4 Yes Yes Yes No 0 0
5 2 Lateral fasteners Steel--SAE 1010 30 Yes Yes Yes Yes 100 30
6 3 Gear Bioplastics (Poliesteramidas) 8.25 Yes Yes Yes Yes 100 8.25
7 3 Spring Steel--SAE 1010 9 Yes Yes Yes No 0 0
8 3 Bushing Bioplastics (Poliesteramidas) 11.14 Yes Yes Yes Yes 100 11.14

1573 1258 80Weight of all the components 

Table 6 Disassembly assessment for the Motorized Lensess Redesign

 MOTORIZED LENSES REDESIGN

Bill of material Disassembly assessment  Disassembly score

 
 

1 1 Connector of  voltage DC Bioplastics (cellulosic plastic) 4 100 4 40 1.6 3.4
2 1 DB9 Connector Bioplastics (cellulosic plastic) 6 100 6 40 2.4 5.1
3 1 O-ring parker 2-339 Biofiber composite 0.8 100 0.4 0 0 0.3
4 1 O-ring parker 2-337 Biofiber composite 2.4 100 2.4 0 0 1.8
5 2 Lateral fasteners Steel--SAE 1010 30 50 15 28 4.2 12.3
6 3 Gear Bioplastics (Poliesteramidas) 8.25 100 8.25 40 3.3 7.0125
7 3 Spring Steel--SAE 1010 9 50 4.5 28 1.26 3.69
8 3 Bushing Bioplastics (Poliesteramidas) 11.14 100 11.14 40 4.456 9.469

1573 1179.75 75 339.32 22 863.2 55%

Table 7. Recyclability + recycled/renewable content assessment for the ML Redesign

 MOTORIZED LENSES REDESIGN

Bill of material Recyclability
Recycled/renewable 

content

 Recyclability + 

rec./ren. 

content score

Weight of all the components 

Wt credit     
(%)  

 Wt (g)
Final 
score

Wt credit 
(%)

Material—print Supplier  Wt (g)Part #
Final 
score

 Wt’d ave. 
(g)

Final 
score

Wt (g)Qty Description

 
 

Part # Qty Description Material Supplier Wt (g)
DfE Weight: Mat. chem. +
disassembly + recyclability 

(g)

Potential DfE 
wt

Final 
score

1 1 Connector of  voltage Bioplastics (cellulosic plastic) 4 2.467 4 61.667

2 1 DB9 Connector Bioplastics (cellulosic plastic) 6 3.700 6 61.667

3 1 O-ring parker 2-339 Biofiber composite 0.8 0.367 0.8 45.833

4 1 O-ring parker 2-337 Biofiber composite 2.4 1.100 2.4 45.833

5 2 Lateral fasteners Steel--SAE 1010 30 19.100 30 63.667

6 3 Gear Bioplastics (Poliesteramidas) 8.25 6.670 8.25 80.848

7 3 Spring Steel--SAE 1010 9 2.730 9 30.333

8 3 Bushing Bioplastics (Poliesteramidas) 11.14 9.003 11.14 80.820

1572.93 1179.7 1572.93 75.00%Weight of all the components 

Table 8 Calculating the final DfE score for  for the ML Redesign

 MOTORIZED LENSES REDESIGN

Bill of material  DfE score

 
DfE sco. for each part =

1/3[(Mat. chem. sco. +Disass. sco. +[Recyclability +  rec./ren. content score�)

Total potential weight
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CONCLUSIONS 

 
The application of the principles, targets, and 
methods in the C2C design process permits to the 
authors acquire experience in one of the SPD 
frameworks more referenced in the specialized 
literature.  
 
This experience shows that C2C has a vision of 
‘sustainability’ where the toxicity of the materials is 
fundamental. The focus point is the use of materials 
with high possibilities of be integrated to a techno or 
bio cycles. It is like if the product were designed for 
easy integration to other cycles maybe recycling or 
integrating the materials to the nature.  
 
In the method used for the redesign of the ML, it was 
observed the necessity of have tools with an easy 
interaction between mechanical design and 
chemistry, as for example: toxicity of materials, 
mechanical properties, manufacturing characteristics, 
etc. This can be opportunities for a new research. 
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