AHFE

Applied Human Factors and Ergonomics International international

Ecodesign and Usability in the Redesign of
Everyday Products

abc

Ana M. Sousa®, Alvaro M. Sampaio® and Paulo Simébes

“Department of Design, School of Technology, Polytechnic Institute of Cdvado and Ave
4750-810 Barcelos, Portugal

*Production and Systems Department — Human Engineering Group, University of Minho
4800-058 Guimardes, Portugal

‘Superior Institute of Pacos de Branddo
4536-906 Pacos de Branddo, Portugal

ABSTRACT

The design activity involves achieving design solutions that preserve as much as possible, natural resources, while
improving the physical and social contexts of its users. Currently the market is saturated, with products that offer
little advantage over its predecessors, or do not effectively respond to what users long for, thereby contributing to an
excessive increase of resources. Therefore, in this study, the intention is to respond to the users’ needs, but
considering also the environmental aspects. This study seeks to adapt these concepts for the redesign of a domestic
product — a vacuum cleaner. For this purpose, the study was divided into two main phases of research: (1)
recognition of the real needs of users as well as problems associated to the product, through surveys and usability
tests (N=120), and (2) quantification of the environmental impact of the product (via eco-indicator 99 method). The
overall data allowed to define the product requirements and outlined the criteria to be incorporated into the redesign
product and also the measures to improve product usability that are consistent with ecodesign solutions.

Keywords: Usability, Interaction, Ecodesign, Redesign.

INTRODUCTION

Currently, design reaches a value that exceeds the concept of creativity, aesthetics and originality. It is a strategic
activity in solving problems, creating opportunities, materializing ideas into useful and liable physical products,
contributing to improve the society quality of life.

This article presents an overview of the practices and guidelines that can be used to generate products that meet the
real needs of their users, while respecting the ecosystem. Thus achieving a sustainable balance with quality
functional products. To be able to study user requirements, usability testes are performed since they give real results
on the behavior and expectations between the user and the product under study. Additionally, the eco-indicator 99
method provides the environmental analysis of the product that aids in decision making with regards to the
implementation of suitable measures. This method is executed in order to reduce the environmental impact of the
product, towards meeting ecodesign principles.
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Concepts contextualization

Victor Papanek (1995) addresses an awareness of the power that design has to improve everyday life, by creating
viable solutions that respect the development of future generations. Over time, we have witnessed an improvement
at that level. Product innovation has undergone an evolution, from product enhancements through its redesign to
more radical interventions such as the design of new environmentally compatible products (Vezzoli, 2007a).

To Papanek (1985), design should result in the sum of social responsibility and ethics, and should be aware of its
impact, socially, environmentally and economically. This premise assumes an “effort of the design activity to
propose systems of production and consumption which are at the same time economically competitive and socially
equitable and cohesive” (Vezzoli, 2007b, p.141). Tischner and Charter (2001) reinforce this idea arguing that the
design for sustainability integrates economic, environmental and social aspects in creating products and services.
The discussions that have emerged about this subject point to different postures that promote adaptation measures
aimed at sustainability and the consequent rationalization of resources. These measures support the principles of
ecodesign. Karlsson and Luttropp (2006) claim that ecodesign is defined as “a multifaceted concept, which
integrates aspects of the project and environmental considerations” (p.1291), to product development, with the aim
of “creating sustainable solutions to meet human needs and desires” (p.1298), Furthermore, “ecodesign considers
environmental aspects at all stages of the product development process, designing products that have minimal
environmental impact throughout their life cycle” (Brezet and Van Hemel, 2009, p. 243).

The factors that motivate the adoption of products or processes with ecodesign principles are not limited to
environmental benefits. Companies that implement eco-design practices benefit from a likely cost saving, gain
competitive advantage, improve their corporate image, promote the quality of their products, and may even get to
reduce the legal requirements they are subject to (Vercalsteren, 2001).

Product features that cause environmental impacts are the focus of ecodesign, Ecodesign should have their focus in
the phases which are more relevant when assessing the product in question. For this, there are various tools,
methodologies and therefore strategies developed specifically to guide projects with sustainable considerations.
These practices are aimed to environmental considerations, and are part of the recent orientations of the design area,
which seeks to respond to international guidelines (eg, Brundtland Report - Our Common Future) that have been
imposed by international organizations (eg, United Nations Program for the Environment), that end up, on one hand
by guiding government policies to adopt attitudes that promote the principles of sustainability, and on the other,
increasingly aware the population to acquire a positive ethical behavior regarding the impact they have has on the
ecosystem.

It is pertinent to note that this activity should not be carried out in isolation, because the relevant aspects in product
development such as ergonomics, functionality, cost, and quality should not be discarded. Ergonomics has the
principle of adapting the object to the user and not the contrary, is based on various scientific areas with the
objective of ensuring that individuals perform their tasks comfortably, correctly, effectively and in the shortest
possible time, promoting, consequently, user satisfaction. Soares (2012) states that product ergonomics can be
considered as a tool in the quest for quality in product design, and essentially seeks to ensure usability and to
improve products performance. Issues such as safety, comfort, efficiency of use, or operation of the objects are
particularly studied to facilitate activities and human tasks. Ergonomic studies can help to solve problems, especially
those related to the comfort and efficiency (Dul and Weerdmeester, 2004).

Thus ergonomics is related with usability, in which the main principle is the easiness in which people interact with
products. Santos (2000) says that usability can be understood as the ability, in functional terms, in which a system,
can be used, easily and effectively by its user. Cybis (2003) emphasizes that usability is the quality of use that may
be assessed or measured within a specific context. Nielsen (1993) points out that for a system to have good usability,
it must be easy to learn, be efficient, favoring spontaneity, reduce the possibility of errors and to satisfy physically
and psychologically. Moraes (2002) adds effectiveness, attitude and flexibility within a specified context. Therefore,
it can be concluded that these two areas, ergonomics and ecodesign, are complementary to design, promoting the
development of innovative, environmentally and socially compatible projects.
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PROBLEM - ECODESIGN AND USABILITY

The main focus of design is to understand Humans and to promote their quality of life. "For designers, the
possibility of action lies in its ability to give strategic guidance to their activities (...) which implies a considerable
design ability: the ability to generate visions of a sustainable socio-technical system, and to be able to organize them
into a coherent system of regenerative products and services, (...) and to communicate such visions and systems,
properly, in order to be recognized and evaluated by a sufficiently broad audience” (Manzini, 2008, p. 28). Through
this area it is possible to conceive products with great social, economic or even ecological differential.

However, currently, product development happens at a great speed, everyday are introduced to the market new
products with the objective of responding to a competition that often generates products with little advantage in
relation to the already existent on the market (Gerst, 2001; Clarkson et al., 2004). Changes are made not only to
meet the existing needs, desires or latent expectations of consumers (Lauglaug, 1993) but, as well as to improve the
performance of the products or to correct defects (Eckert et al., 2004). This response speed is incompatible with the
creation of products with actual value added. In this way, products are born with defects affecting the quality and
availability of the product causing losses for both the manufacturer and the user. Besides the damage to businesses,
defective products lead to a higher environmental impact, because even if they have been designed to last, must will
need to be repaired or replaced (Vezzoli and Manzini, 2008). Moraes (2004) notes that the concern with usability
often appears only at the end of the project, when any important modification in the semi-finished product may be
financially unviable. Therefore, considering the user, throughout the design process is a basic condition for ensuring
an effective ergonomic quality.

On the other hand, ecology is adopted in the design process, either as a competitive advantage, or as a philosophy of
preserving the ecosystem. However, address it separately has the opposite effect, because there is no point to
transport to market an Eco-friendly product, if the product doesn't respond to what users’ want (i.e., their needs and
expectations). The correct use of products not only increases their longevity but also improves aspects of the user
(i.e., safety, comfort, satisfaction) and the environment (Karwowski, Soares & Stanton, 2011).

The challenge that professionals faced, however, is to predict the greatest amount of potential flaws in the early
stages of the product development process. To this end, it is necessary to take into account the entire life cycle of the
product, from production, to use and up to its recycling/reuse stage.

OBJECTIVE

Users should be in the center of the design process, since they will by responsible for the success of the product
(Simon and Benedyk, 2000). It is at the consumer level that the effects of ergonomic concepts, good and bad, are
intensely felt, given that, it is at the concept design stage that the success or rejection of a given product should be
evaluated (Stern and Galer, 1990). Therefore it becomes pertinent to elaborate a design methodology that can adapt
the users’ needs to the needs of the ecosystem. To this end, the use stage, where the Human-Product interaction
occurs, reveals the crucial points to identify the product acceptance criteria: 1- usability validates what the user
needs; 2- ergonomics translates how these needs should be resolved; 3 — and the Ecodesign, where the damage to the
ecosystem is minimize.

METHODOLOGY

The methodological procedure is divided into two phases: (i) the analysis phase — focused on the user and (ii) the
project — that investigates the environmental impact of the product under study.
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Figure 1: Diagram of the adopted methodology

Figure 1 illustrates the methodological process adopted. As it is possible to see, this methodology is a circular
system. In the first task, after selecting the product, it is necessary to analyze the product by means of the real needs
and expectations of the user. Here, usability emerges as a discipline that connects these two issues — the analysis of
an existing product and a user-centered process.

The usability tests can be conducted in various forms, however for this particular analysis, it becomes appropriate to
support the method with a survey before performing the tasks requested. This survey seeks, above all, to verify
users’ behavior, their opinion and preferences about similar products. The next task is where the requirements are
understood by implementing the usability tests.

The implementation and analysis of the usability tests supported with surveys and photographic records, seeks to
identify the evident problems both from similar products as well as from the actual product studied. This analysis
allows tracing the specific targets of intervention for the redesign of the product, in terms of ergonomics, safety,
ecology, among others issues that are relevant.

These tests are carried out to a sample of individuals, which allows organizing the data by the accumulated sum of
errors in a hierarchical system that represents the problems with more incidents. With this hierarchical organization
system (problems in the Human-Product interaction) it is possible to organize the requirements and parameters of
the redesign project that are the input to the next task, where ergonomics tries to give a first answer and solution to
the identified problems.

After evaluating users’ behavior it is necessary to assess the ecological impact of the product.

In this task Ecodesign is implemented, since it is oriented towards the minimization of resources that allows, through
the eco-indicator 99 method to evaluate the 'ecological load' of the product. In this case, this assessment is centered
on the materials and their manufacturing processes, leaving aside all electrical components.

The eco-indicator 99 method details the system or subsystems of a product according to their environmental impact,
in this way it is possible to identify the parts where is possible to intervene in order to develop the redesign into a
more environmentally friendly product. After evaluating the user in a first phase, and the product in a second, there
is reliable data to organize the requirements and parameters of the project. If in one hand there were recognized the
needs and expectations of the user (what to do), on the other there were verified where to intervene (where to act), in
an attempt to generate a product that meets the needs of its user while respecting environmental resources. The next
task of generating concepts is where solutions are materialized through the requirements formulated - Redesign. In
this task, alternatives should be detailed and finally analyzed with the aim of trying to understand the one that is the
suitable solution to the intended concept. The chosen concept should be prototyped for validation, with new
usability testing with the user. The two main phases of this methodology, are described with more detail in the
following sections.
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USABILITY TESTS

Usability

Mozota (2003) states that "Good Design" criteria are shared globally and possesses four main types of criteria: (i)
functionality, efficiency, (ii) aesthetic, attractiveness, (iii) ease of use, user friendliness, (iv) definition of a new
thinking model. As such, it is clear that two of these four criteria are directly related to usability - measure by which
a product can be used by specific individuals to achieve specific goals with effectiveness, efficiency and satisfaction
in a given context (ISO 9241 -11, 1997).

According to Eason (1995), an existing approach to ergonomics is to act on behalf of users. As such, many theories
and general broad principles are designed so they can be applied on behalf of the people. However, this approach,
apparently worried about users, is constantly criticized for not taking into account various aspects of the real end
user, because it fails to involve the user in the process. Is not enough to make for the user, it must be done with the
user. People are not just elements of task performance, are creatures with purposes, with ambitions, beliefs,
emotions, values, satisfactions (Eason, 1995).

Objectives

The need to understand this relationship between the user and the product, leads to a field of investigation based on
usability tests that, through surveys and observation provides the data necessary to distinguish the needs and
specifications to the project. The sample testing (N = 120) is characterized by adults, divided into 6 groups by age
and gender. At this stage surveys with 26 closed questions were performed to acquire data on the experience and
feedback of users interacting with similar products. Usability tests are performed, involving 7 general tasks,
subdivided into a total of 23 activities.

The main purpose of these usability tests is to assess the overall condition of the product in order to identify the
flaws inherent to their use and thereby to be able to formulate the relevant requirements for the development of its
redesign. The life cycle phase that this test responds, correspond to the step in which the end user interacts directly
with the product (use phase). Thus should highlight the following factors: Ease of use; Maintenance (simple);
Quality of materials; Efficiency, Performance, Comfort (Ergonomics, load, etc.), Safety, Resistance (use, impact),
Environmental impact (user perception).

Method

To verify the product usability, it is used a vacuum cleaner as a case study, because it is an essential product that is
used in most households on a daily basis. This is an appliance that has not been undergoing significant
improvements about its impact on the environment, but on the other hand, corresponds to an invention of the last
century that allows to perform household chores with less effort, improving living conditions and comfort of those
who perform them.

A vacuum cleaner is a device that uses an air pump to create a partial vacuum to 'suck’ the dust and dirt from the
floor and surfaces of homes, industries, automobiles, etc. This appliance has evolved from brooms, the first manual
models emerged in the 1960s, and the electric models appeared only at the beginning of the twentieth century. The
model was chosen according to data from DECO Proteste, which characterizes it as the best choice. DECO —
Associagdo Portuguesa para a Defesa do Consumidor (Portuguese Association for Consumer Protection) is an
organization whose mission is to defend the legitimate rights and interests of consumers.

Usability tests attempt to measure users' performance (number of errors, and duration of the task) during the
experience of using the system, with a quantitative approach (Souza et al., 1999). Other authors, such as Preece et al.
(2005), Pressman and Lowe (2009), Cybis et al. (2010), Silva and Barbosa (2010) and Nielsen and Loranger (2007)
argue that the results of the usability tests also have a qualitative approach, it is necessary to judge and interpret the
results with the purpose of identify problems and the recommend solutions.
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Procedure

Initially, each participant was properly guided by the evaluator: it was explained the context and relevance of the
test. Where it was intended that the participant understood that it was the object that was being evaluated, not the
participant performance when interacting with the product. At this stage a form was filled out identifying the user
profile (e.g., age, gender, level of experience).

The second stage corresponded to the registration of the pre-test questionnaire, cited above, with the purpose of
collecting information about user preferences and experience with similar products.

Once given the guidelines related to the testing activities and tasks, the participant was allowed to use the product
freely for five minutes. After, the participant was asked to execute the tasks that make up the test in question. The
evaluator asked the participant to verbalize their doubts, as this helps to identify the occurrence and the reason of the
problems. During the test, the events observed by the assessor were recorded on a form, as well as abnormal changes
in time spent on each task.

After the completion of all tasks, the participant filled out a questionnaire assessing the product, whose purpose was
to collect preferred participant information regarding the particular product. Finally the participant was asked
verbally by the evaluator in an attempt to create a more informal dialogue. Subjective perceptions of usability about
the product by the participant were discussed, and also comments were made on the participant overall performance
and problems encountered. The participant was able to review the test openly, allowing the collection of additional
information.

Once all tests and questionnaires were collected, the data was moved into a statistical table, in order to present the
results on a comparative basis among the various participants, this had enable the possible to correlate the
information and thus find the product aspects that could be intervened in the redesign of the equipment.

Results

In this section, the most relevant data is described. Vacuum cleaners are mostly used once a week (26,67%) or twice
a week (25%), whether it is at home (50,79%), whether it is in the car (41,36%). This last one is more common in
male users, with ages ranging between 20 and 30 years old. The age and gender especially delimit the context of use,
experience and concerns about product performance. There is a greater use among the female population, but men
are who have an approach more conscious about the characteristics and performance of this type of products. This
awareness is most noticeable depending of the individuals’ maturity.

This analysis also finds that there are functions in the product that in some way become unnecessary, eg, it was
found that there are many accessories, many of them rarely used, 63,33% of the respondents stated they did not use
any accessories; only one of the two suction power regulators is used, so the one located in the handle is normally
overlooked by 87.18% of subjects. Regarding the product disposal, it is noticed that a significant majority of users
do not disassemble the vacuum to store it, only 22.5% of the individuals said to disassemble it, this is due to the fact
that it is kept in a storeroom (53.54%) or in the garage (19.69%). The characteristics that deserve more attention, in
the act of purchasing a new product are, in order of importance, power (19.34%), price (16.87%), ease of use
(10.49%) and weight (7.82%), however it became visible a confusion between power and suction power, because
users associate that the greater the power of the device (78.99%) the product has more suction power, which does
not match to reality. On other hand, they have reported to have ecological concerns, namely, energy consumption
(63.39%), taking into account the previous data we can conclude that there is a contradiction because they seek
products with higher power therefore with higher energy expenditure. As for the frustrations experienced during the
use of this kind of products, stands out, for degree of incidence, noise (15.22%), the wire size (14.73%), the clash
with furniture (13.29%), accessibility to difficult areas (12.56%), insufficient sucking power (12.32%) and weight
(7%).

After the survey, tests provided validation to some of the given answers. An important finding was that the majority
of the respondents said that they changed the vacuum filters (72,27%), mostly after a few uses (45,45%) or when
they noticed a product performance decrease (30,68%), however during the tests they only identified the air filter,
and that it was unknown to these users (89%) the existence of the engine filter. Users, in general, also stated that
most of the malfunctions in their vacuum cleaners were due to overheating (25.60%) or unknown failure (30.40%),
so it can be conclude that this failure could have been the result of poor product maintenance, namely poor filter
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maintenance (i.e., when one of them was forgotten).

Regarding the tasks success and failure, most of them were intuitive. The errors found indicate that, there is a need
to check, the motor filter, adjust the suction power, change the nozzle according to the surface to be treated, adjust
the size of the wire and last but the most common one, to use the slots of storage, which rarely happened (only 6
subjects performed this task).

Some statistical tests, Mann-Whitney and Kruskal-Wallis were applied aiming to identify possible relationships
between the available variables. In particular the Mann-Whitney tests results indicate that the relationship between
the aspects to consider at the moment of purchase and context of use is shown in table 1.

Table 1: Relationship between context of use and relevant criteria’s that influence on the time of

purchase
Suction Operating| Dimensio Filters | Ease of Easy
Potency | power Price range ns Weight | Quality use storage |Aesthetics] Others

JHousing depends| depends depends| depends| -----------| depends| depends| depends| depends]

Statistical test -1,602 -2,159 -2,681 -3,120] -,829) -2,392 -1,019 -1,109

p-value ,109) ,031 ,007] ,002 ,407) ,017) ,308 ,268
|Automobile | | -] depends| depends| = --------- depends|

Statistical test -1,753 -,896 -1,548

p-value ,080) ,370) ,122)
(Commerce depends| depends| depends| depends| depends| depends| depends| depends| depends| depends| ----------{

Statistical test -1,104 -,587 -1,883 -1,186 -1,509 -,986 -,728 -1,308 -,688 -1,284]

p-value ,269 ,557 ,060 ,236 ,131 ,324 ,467 ,191 ,491 ,199
Other depends| depends| depends| depends| depends| -----------| depends| ----------1

Statistical test -1,001 -1,353] -1,595 -1,280) -1,274 -,744

p-value ,317 ,176] 111 ,200 ,203 ,457

It is also verified that the preference of vacuum cleaner with bag or deposit is influenced by all the reasons given
except the “other” reasons pointed by the subjects, as is shown in table 2.

Table 2: Relationship between users’ choice of bag vs deposit by motive choice

I Ease of use Experience More Economical | Environmentally Friendly| More Hygienic Others
Preference: bag or deposit depends depends depends depends depends| --------------
Statistical test -1,486 -,730 -5,059 -3,619] -1,628

-value ,137 ,465 ,000 ,000 ,104]

Regarding the relationship between the weight and the context in which the vacuum cleaner is used it is concluded
that only the context "other" does not depend on the weight (statistical test = -0.256, p-value = 0.798). Was also
determined that the only type of flooring that does not depend on the habit of using all the accessories is the
“wooden floor” (statistical test = -0.444, p-value = 0.657).

In order to determine whether exists a relationship between the frustrations felt in the use of the vacuum cleaner and
the aspects considered important at the time of purchase, were also made Mann-Whitney tests, with the results
presented in table 3.

Additionally, the Kruskal-Wallis tests show that only the pantry does not depend on the vacuum cleaner
disassembling habit (statistical test = 0.141, p-value = 0.932). The relationship between the regularity with which the
filters are cleaned or the reason to exchange the vacuum cleaner is shown in table 4.
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Table 3: Correlation between frustration and relevant criteria’s that influence on the time of purchase

Frustrations
—_—
Potency Sli)cvt;grn Price O[zg;atzng Dimension| Weight (l;llll;;rts Eeilsseeof st];:)izye Aestshetlc Others
[Aspects P 8 y 8
that
influence the
ime of purchase
INo one depends| depends| depends| depends| depends| depends| depends| depends| depends| ----------- depends]
Statistical -1,770 -676] -1,960| -1,046] -2,293] -1,331] -1,340 -,902 -,778 -,793
test
p-value ,077| ,499 ,050 ,296 ,022 ,183 ,180 ,367 ,437 ,428
IBag full depends| depends| depends| depends| depends| depends| depends| ----------- depends| depends| -----------|
Statistical -1,925 -757|  -1,072]  -1,026| -1,473 -,678 -,933 -,728  -1,065
test
p-value ,054 ,449 ,284] ,305 ,141 ,498 ,351 ,467 ,287
[nsufficient depends| depends| depends| depends| depends| depends| depends| ----------- depends| depends| depends
suction
Statistical -,788 -3,308| -2,036 -1,735] -1,414 -2,708 -1,485 -1,264 -1,528 -,805]
test
p-value ,430 ,001 ,042 ,083 ,157 ,007 ,138 ,206 ,126 ,421]
INoise depends| depends| depends| depends| depends| depends| depends| depends| depends|------------ depends]
Statistical|  -1,079]  -860] -1,194] -2,564] -1,729] -1976| -1,549| -819|  -951 -1,253
test
p-value ,281 ,390 ,233 ,010 ,084 ,048 ,121 ,413 ,342 ,210]
JAccess to difficult depends| depends| depends| depends depends| depends| ---------
areas
Statistical -,902] -1,991 -1,300 -1,393 -1,547 -1,882
test
p-value ,367 ,046 ,194 ,163 ,122 ,060
Discomfort(bad | | - depends| depends| ---------- depends| depends| depends
posture)
Statistical -,967 -,739 -1,243] -3,102 -,900
test
p-value ,334] ,460 ,214] ,002 ,368
[Weight depends|------------| depends| ------------| depends| depends| depends| depends| depends|------------ depends|
Statistical -,771 -2,618 -2,015|  -3,074] -1,031 -,782 -,807 -,828
test
p-value ,441 ,009 ,044 ,002 ,303 ,434 ,420 ,408
Difficulty in depends depends| depends| depends depends]
moving
Statistical -,946 -,719 -2,150 -,893 -1,137]
test
p-value ,344 JA72 ,032 ,372 ,255]
[Wire Size | | - depends| -----------| depends| depends| depends| depends| ----------- depends| depends| ----------
Statistical -1,261 -1,324]  -1,124] -1,831 -3,293 1,117 -1,922
test
p-value ,207 ,186 ,261 ,067 ,001 ,264] ,055
Size of utensils depends| depends| depends| depends| depends| --------- depends| depends| ----------- depends| dependsj
Statistical -,848| -1,777  -2,150] -2,263| -1,089 -,924]  -2,053 -3,705 -,987
test
p-value ,397 ,076 ,032 ,024] ,276 ,356 ,040 ,000 ,3244
Clashin mobile | | --—-—- depends| ----------| depends| depends| depends| depends| depends| depends| depends| ----------
Statistical -1,742 -1,375] -1,788| -1,798 -,995 -,969 -1,187 -1,591
test
p-value ,082 ,169 ,074 ,072 ,320 ,333 ,235 ,112
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Table 4: Correlation between frequency of filters change and motive of malfunction

Poor qualit a0t Unknown
.. ... | Evolution in " y appropriate Stink Malfunctioni
Unsuitability filters fault Superheat .
general bags ng filters
JRegularity | = 0| - depends| depends depends|  ------------ depends|
Statistical test 4,779 4,497, 2,594 5,416
lp—value ,189 ,213 ,459 ,1444

All these results have served to gain a better understanding about how vacuum cleaners are used and conditioned,
we also managed to check what users want from a device of this type, which are the usage requirements and the
frustrations and concerns associated with the use of this kind of equipment. However the results suggest that there
should be a more detailed and thorough analysis of the vacuum cleaners characteristics. It appears, however, that
these results are sufficient to conclude that we must consider to design a device with characteristics, at a formal level
and at a functional level, more consistent with what users want.

LIFE CYCLE ANALYSIS

Life Cycle Analysis

Thrane and Schmidt (2006) define the Life Cycle’s Analysis (LCA) as a tool that is used to evaluate a product, or
service, environmental impact during all of its life cycle, being also used as an Ecodesign tool. The LCA studies
cannot measure the product’s real impact in the ecosystem, but only their potential impact, because the real ones
depend on several valuables that cannot be represented by trustworthy or concrete data, and are difficult to access
(Haes et al., 2002). The LCA promotes the conception of environmentally-low impact products, so the product
development is directed to Ecodesign. The products characteristics as well as its environmental impact are defined
during the conception phase. That said, the focus must be on the production process, establishing mass and/or
energy balances, evaluate the inputs so that the outputs can be minimized, thus adding more value to the product, to
its global quality, then optimizing its life cycle.

Objectives

Evaluating the life cycle allows the evaluation of the products environmental impact, with the environmental
safeguard related to the optimized material and energy source choices, approaching it so the society, economy and
environment have equal priority. This analysis seeks to verify the ecological burden of a domestic vacuum cleaner,
by analyzing its LCA. The vacuum cleaner — Electrolux Classic Silence xzs2100 — is the selected model for the
redesign, which can justify the adaptation of this methodology in similar products. With the products LCA it is
possible to verify the action points that relate to a possible vacuum cleaners improvement, mainly in the ecological
aspect, and should be used as a value adding component, and helps in the decision-making process, in addition to
other indispensable tools in the development of a new product.

So, this analysis is the approach for the development of the new product. In this case, the task is to identify flaws
and improve the product, such as materials replacement, and subsequently the appliance of different technologies in
the production process, and the reduction of residue when the products life ends. So, the limit of this analysis is the
whole sets material, the products main body, not considering the components that are the vacuum cleaners
“subproducts”, i.e: filter, bag and engine, such as the rest of the electronic components. The engine, the bag and the
filters are considered “subproducts”, used in other products of the same series/family, so they are separately
produced, in such a scale that does not justify its inclusion in a study centered on a specific product redesign.

Method

In order to obtain the products ecological footprint, the eco-indicator 99 was used, because it is a method that allows
the calculation to be done objectively and accurately with the limited data available (i.e., mass, material, processes).
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This process allows to set different damage categories, which eases the manipulation of LCA results, transforms the
inventory tables data in numbers that can be used as a comparison method between similar products, or represented
into environmental impact graphics.

The eco-indicator 99, reconstructed version of the Eco-indicator 95, is a LCA method which translates the products
ecological burden, and is today a classic example of the “endpoint” approach — method based on the damage, tries to
model the environmental impact in its final effect, in the damage or “endpoint”. The calculations result is
represented on a unique eco-indicator scoring, in “mili-points”. Each “point” can be interpreted as a thousandth of
the average Europeans environmental burden (Eco-indicator 99, 2000). The obtained value allows to guide the
interventions choices, in order to redesign the studied product. As previously stated, in this case the objective is to
change the products body, which is mainly polymeric-based, where the material-related data that do not regard the
vacuum cleaners electric component were excluded. So, the calculations result do not represent the vacuum cleaners
ecological burden, but the target components, in this case, the materials that make up its body.

Procedure

In the first stage, it was necessary to disassemble the vacuum cleaner. At first, the visible screws were taken off, and
then the dissemblance continued, making usable to verify that the assembly had been done by fit. All the process
was photographically recorded. Then the electronic components were separated from the rest. All the components
were identified and catalogued, and each piece was given a number, in order to easily identify each component, so it
was not necessary to visualize them in each step of the process. The cataloging presents each component data (e.g.,
mass, material). Initially the components were weighted using a decigram scale. Following the identification of the
material. The majority of the polymeric-based components had an identification code. However, there were used
auxiliary identification techniques in order to identify some smaller components. The identification test used was the
flame test, in which a small part of the component is burnt, and its behavior is observed. Each material type has a
different behavior (flame color, smell or material reaction). There is the possibility that the combustion is hard or
even inexistent, or a fast combustion, continuing even outside the flames source. The material fluidity also varies in
different polymer types. The above shown data were cataloged in a table, the content was divided in several
categories: (i) number of each piece; (ii) components photo; (iii) mass, in kilograms; (iv) type of material; and (v)
manufacturing process. These data were transferred to a table, in order for the eco-indicator method to be applied.

Results

2500

2000 2172125
1500
1000 1101,452321
500
G * 1374222605 > s
Materiais Processos de fabrico Impacto Total

-500

-1000

1208,11294

Fim de vida
- 1500

Figure 1: Eco-indicator 99

By looking at the above-presented graph, the final calculation result obtained by the eco-indicator 99, for the studied
processes, is approximately 1101,45 milipoints, which represents a superior ecologic burden, compared to the one of
an average European, in a year. However, in order to be able to compare the burden in these terms, the products
burden had to be divided by the number of the total years of the products life, and that information cannot be
obtained. On the other hand, a comparative analysis was made with another product of the same family; it was a
vacuum cleaner that was launched over a decade ago, a Moulinex model, the 1000 S Compact, having a slightly
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superior mass, about 1kg of material. By comparing the results, it was possible to conclude that the second vacuum
cleaners burden is slightly superior (Electrolux: 2172,125 mPts Vs Moulinex: 2238,256 mPts), however, when
taking the manufacturing process into account, the result almost triples. Whereas the Electrolux has a 137,442 mPts
burden, its predecessor has a 365,28 mPts. This can be the reflection of an evident evolution on the manufacturing
processes. The data that refer to the end of life, and by that, to the materials recycling, shows that the Electrolux
materials are slightly more compatible with the environment, whereas this one reduces its burden with a value of
1208,11294 mPts, the Moulinex only achieves 814,77 mPts. It is to be noted that the fact that the Electrolux, with
this value, can reduce its ecological burden to almost, half, so it is possible to conclude that it has already materials
which can be recycled. These results will be afterwards compared to the product inherent to its design, and the
objective is for this last product to have an inferior result, by replacing materials to more environmentally-
compatible ones.

OVERALL RESULTS

Through the data collected from the two analyses described above it is possible to predict and define the
requirements and parameters that are essential to the product redesign. The requirements are the result of the
usability tests - they respond to what users need and want, consciously or unconsciously, to see resolved in the
product studied. The parameters indicate the action that needs to be performed, namely, how is it possible to respond
to the requirements. Therefore, through a comparative analysis between the results of the usability tests and the
result of the calculation of the eco-indicator 99, is possible to concluded that the main purpose of the latter is the
optimization of material, so it became apparent that this a basic parameter that enables to define in more detail the
parameters of the project. For example, if it is stated that there is an exaggeration of utensils (requirement 1), it is
also possible to state that it becomes relevant to reduce them to those that are used most frequently. This reduction
enables a reduction of utensil material (parameter 1), which enables the inclusion of ecodesign principles. Other
requirements go through the reduction of weight, which is achieved by reducing the thickness of the material or
replacement by other lighter materials (parameter 2), provided that the latter are more sustainable.

As a first analysis, it is possible to verify that problems of interaction between user and product, such as noise, crash
into furniture, comfort (touch), can be minimized by replacing/reduction/optimization of materials. Materials have
characteristics which by themselves already give response to some of the problems that need to be solved, whether
of usability, as is the case of ductility, thermal and acoustic insulation, ecodesign, provided they are recyclable,
recycled and/or renewable. It turns out, that there is a relationship between the two methods discussed, and which
complement each other throughout this process.

CONCLUSIONS

The preservation of the environment has been the big discussion in the last decades, international organizations have
presented studies and reports about the environmental issues inherent with the high economic growth of the last few
centuries, and advocate a proactive approach to combat the erosion of the environment, so that it becomes possible
to ensure good living conditions to future generations. With this, the development of sustainable products acquires
more and more responsibility as regards the environment and the product value. The ecodesign thinking, encourage
the adoption of sustainable products through the study of its life cycle, analyzing how can the impact be minimized
for each case. The guidelines for sustainable product development advocate the reduction of emission of waste,
minimizing the use of resources, using resources of lower impact, extend the life of the product and of the materials
and, enabling product disassembly. However, the creation of sustainable products is only synonymous of products
targeted at reducing the environmental impact, it is necessary that the products will be also useful products, in other
words, that products respond effectively to the purpose for which they were developed. Therefore one must take into
account the criteria of usability applied to the product, which minimize the risk of placing in the market a product
that is not well accepted by end-users. This article reviews the theme of sustainability and relates it with usability,
justifying a project-oriented methodology to address and correlate these two themes in an attempt to develop more
environmentally compatible products. It is an approach where the use of materials falls, as much as possible, in a
closed circle, promoting its reuse or recycling.
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