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Abstract

Recently, principles in sustainable manufacturiagehincluded the Design for
the Environment (DfE) methodology with the objeetinf improving the environmental
performance of products over their entire lifecgcléurrent EU Directives on eco-
design focus on the use phase of Energy-relateddlets (ErPs). However, the
maintenance of various household non-ERPs is peddwith ErPs; therefore, the
environmental impacts of product maintenance havengortant role in the lifecycle of

non-ErPs.

This article presents two eco-design studies wtierémplementation of
improvement strategies for the use and maintenpiase of products had relevant
results. Moreover, environmental communication-$efustrategies were important to

ensure the commitment of users towards eco-effitiehaviors. First, a knife was eco-



designed according to strategies focused on mktgpiacessing, maintenance and
communication-to-user. By applying eco-design arale-to-consumer scope,
improvements in environmental impact of the ecaglesd product accounts for 30%.
However, when accounting for eco-design of the petid entire lifecycle,
environmental impacts could be reduced by up to 46&even up t693% (depending
on the cleaning procedure), due to large improvesi@mmaintenance strategies.
Second, a woman'’s jacket was eco-designed followinljifunctionality, recycled
materials and efficient maintenance strategies.ndve Livingstone jacket reached
environmental improvements between 32% and 52%anndicators analyzed. In this

case, maintenance contributed between 40% and 8&8é ceduction.

As shown in this study, maintenance behavior amdnconication-to-user
strategies are crucial to the eco-design of diffeh®usehold products (traditional vs.
flexible design) and can account for between 40%80% of environmental

improvement.

Keywords: eco-design, communication-to-user, innovation,rgpeelated

Products (ErPs), eco-efficiency, industrial ecology

<Heading level 1> Introduction

Eco-design is defined as “the integration of enwinental aspects into product
design with the aim of improving the environmergeaiformance of the product
throughout its whole life cycle” (Directive 20098/EC) (European Council 2009a).

During the last decades, eco-design has playeshpartant role in sustainable



manufacturing because numerous environmental bsroea product are determined at
the design stage (European Council 2009a; Claried@h 2009). Moreover, there has
been a growing concern in policy making about tndrenmental impact of products
and services, particularly since the IntegratedicoPolicy (IPP) was implemented
(European Comission 2003), which emphasized th&ibation of the entire life cycle

of a product to its environmental impact.

Eco-design has been applied to different typesadycts, some of which now
have guidelines for their effective eco-design; s@ramples are urban furniture (e.qg.,
streetlight, bin, bench) (Fundaci6 La Caixa 20@@)sehold products (e.g., appliances)
(Rieradevall et al. 2003), electric and electrategices (Rodrigo and Castells 2002)
and packaging (Rieradevall et al. 2000). Moreotrer,application of DfE in some
sectors has been thoroughly analyzed in the liezasuch as wooden products
(Gonzéalez-Garcia et al. 2011a, 2012a, 2012b, 2@IAR), electronics industry (Unger
et al., 2008; Mathieux F et al., 2001; Aoe, 200ighting sector (Gottberg et al., 2006;
Casamyor & Su, 2013), automotive (Alves et al.,@Mufioz et al., 2006), packaging

(Almeida et al., 2010) and printing industry (Tiseln & Nickel, 2003).

Applying eco-design offers the following benefitsdompanies (Borchardt et al.
2011; Clarimon et al. 2009; Plouffe et al. 201lermadevall et al. 2005): improved
environmental footprint (i.e., emissions, waste)lesthomplying with current
regulations and anticipating more restrictive om@agroved product quality; reduced
economic costs of both material inputs and outfl¢evg., cleaning treatment), while
optimizing inputs and minimizing leftovers; and uedd energy consumption because
of improved energy efficiency. Therefore, by foliog eco-design criteria, companies
achieve sustainable environmental and economicanalis (Rupérez et al. 2008),

which offers the opportunity to differentiate thestves from competitors, entrance into
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new markets and development of new products (KraghtJenkins 2008). However,
two additional areas can be improved: applicatibenvironmental issues in marketing

and superior corporate image (Rieradevall et @520

<Heading level 2> Labeling, the consumer role and eco-design

Environmental labeling shows the environmental grenfince of a product to a
consumer as an additional decision-making critematme purchase of a product. It also
promotes the adoption of sustainable strategidhdogompaniege.g., EPD of furniture
by ARPER, http://www.arper.com/it/chi-siamo/sosteiitia). Most of the certification
schemes are based on lifecycle schemes (ISO 12006), PAS 2050 (BSI 2011)),
which contains all lifecycle stages. Some examateghe Carbon Footprint (BSI
2011), EU Ecolabels (depending on the product)dfean Council 2009b) and
Environmental Product Declarations (EPDs) (ISO BAOR) (ISO 2006a). Finally,
enterprises can obtain global certifications whé®ing an Eco-design Management

System, such as ISO 14006 (2011) (e.g., see aaheatm1l4 (2012)).

Because the use phase plays a key role in therpefce of some products, it is
considered when developing labeling for some prtedignergy-related Products (ErPs)
(e.g., televisions, computers, light bulbs) lahels this strategy to demonstrate
environmental friendliness: Eco-label (European @il2009b), EU Energy label

(European Council 2010), US Energy statd://www.energystar.goy/In these cases,

the consumer can also evaluate the performandeqdrbduct during the use stage
when making a purchasing decision. However, enmi@mtal labels usually only
consider cradle-to-gate stages for non-ErPs prediwet to the difficulties for modeling

the use stage (Kota et al. 2013) and lack of infdrom about this phase.



Communication-to-user can be done in two main wayst, the producer can
indicate information of the product: reporting revironmental impact of the product
(e.g., Carbon Footprint) or indicating the averagesumption during the use phase
(e.g., EU Energy label), this can be done fromaalle-to-gate or a cradle-to-cradle
perspective. Second, the producer can extendrgsponsibility and promote best
practices in order to involve the customers forriowing the environmental
performance of the product. This type of commumicatan be applied to the use and
maintenance phase or to the end-of-life one. Fanmge, a case study of the Carbon

Trust for Coca-Cola in 2008 (http://www.carbontrastn/media/5888/cts287-coca-

cola.pd) highlighted the importance of the packaging dreldompany started
communication-to-user campaigns about recyclingrder to reduce the Carbon
Footprint up to 40%. However, no case studies imrad with communication-to-user
about best practices regarding the use and mamtenzhase and, therefore, there is a
need of promoting these strategies in cases wered# stage has an important role in

the lifecycle.

<Heading level 2> Eco-design and non-ErPs

The current eco-design directive focuses on Enegated Products (ErPs)
(formerly Energy-using Products, EuPs) and aimsfmrove energy efficiency,
particularly in the use stage of the lifecycle.dfact has its origins in the development
of the first Directive on Eco-design 2005/32/EC @ean Council 2005) that replaced
former directives about energy efficiency for hater boilers (Directive 92/42/EEC)
(European Council 1992), household appliances ¢we 96/57/EC) (European

Council 1996) and fluorescent lighting (Directive0B/55/EC) (European Council



2000). Moreover, the 2005 eco-design directive alas encouraged by the European
Climate Change Program (ECCP), where saving enpagticularly reducing
electricity demand, and decreasing energy depeedgare key points for achieving the

objectives of Greenhouse Gas (GHG) emissions.

Household appliances are mainly ErPs that covégréifit functions (table 1).
However, most maintenance and cleaning ErPs hdued relation to other products,
such as clothes and kitchenware. This relation sid@at resource consumption of the
ErP during its use phase is also an input intarieatenance of non-ErPs (table 1).
Therefore, the assumption that non-ErPs have lowswoption during their use phase
may be wrong for those products that need an ErBhéntenance. Accordingly, eco-
design directives should also focus on non-ErPdymts, as the potential
environmental impact of the use and maintenaneeyldle stages may be significant

when an ErP is involved.

The environmental labels of a majority of non-Ed®esot include the use or
maintenance phases in their information, evenay ttequire high levels of maintenance
(ErPs) (table 1). Therefore, as the environmeniadiéns related to the use and
maintenance of non-ErPs depends on the user beleddabits and labels currently
lack of communicating about best practices to perfthe most environmentally
friendly maintenance of the product, both quakMafii.e., symbology) and quantitative
(i.e., indicating average consumption values penteaance options). In this sense,
there is a need of enhancing communication-to-iag#s about these lifecycle stages as

well as to integrating them as eco-design strasegie



Table 1. Main household ErPs by function and by direct refato non-ErPs.

Application of eco-labels is indicated by superscietters.

Household ErPs Maintenance
of non-ErPs

Clothes washerst &4, Dryer, [ron ‘Clothes
Maintenance || 1 )
: Dishwasherb.cd -Kitchenware
& cleaning l
Vacuum cleaner, Steam cleaner
Refrigerator®d, Freezer®d, Cooker, Oven®d,
Food 1 5 ik J
Water boile®r, Coffeemaker®, Microwave
Lighting Light bulbs®b<, LampsP<d, Luminaries<d

Dehumidifiers®, Air cleaners & purifierss,

Acclimatization e n L ]
Heat pumps®¢, Air conditioners®*

Others Television®P<4, Personal computers®=4,
(electronics) Portable computers®<4d

“EU Ecolabel, °EU energy label, <U.S. Energy Star, “Blue Angel

In this context, this article shows the applicatodreco-design methodology in
two non-ErPs. A knife and a woman'’s jacket wereselmoto represent items that
received daily use, that were personal househaldymts and that had a wide presence
in the market. Moreover, this article aims to shibes contribution of maintenance to
the environmental impact of a product lifecycle &amdhow potential eco-design
strategies and communication-to-user tools for owjorg the product’s environmental

profile.

<Heading level 1> Methods



A combined DfE-LCA methodology was used for the-design process
(Figure 1), adapted from Gonzalez-Garcia et alL1B). The product is defined in the
first stage (l) based on the following main crigertompany representativeness,
production relevance, novelty and low degree of glexity. Then, a product evaluation
(1) is performed through the application of a gti@tive life cycle assessment (LCA).
Thirdly, an ecobriefing (Smith and Wyatt 2006) Ylid created by compiling the critical
points of the lifecycle. As a result, the propasfaéco-design strategies (IV) can be
defined and selected by the company after a teograll, social and economic
assessment. Finally, the selected strategies @grated into the design of the

prototype and the product is validated (V) throaghLCA.

l. Goals Il. Product 118 IV. Strategy V. Product
approach evaluation Ecobriefing definitions validation

Prototype design
Product Critical points Strategy
definition definition selection LCA

Figure 1. Combined DfE and LCA methodology, adjusted frorn@dez-

Garcia et al. (2011)

The LCA (ISO 2006b) quantifies the environmentaidauns of the system and
highlights the hotspots of the lifecycle. The CMIetimod (Guinée et al. 2002) was used
for the classification and characterization stagée potential impact categories
assessed were abiotic depletion (AD, kg Sb eqgdifmation (AC, kg SQ eq.),
eutrophication (EP, kg PO eg.), global warming (GW, kg G&q.), ozone layer
depletion (ODP, kg CFC-11 eq.), human toxicity (Kd,1,4-DB eq.), freshwater

ecotoxicity (FE, kg 1,4-DB eq.), marine ecotoxiqiyE, kg 1,4-DB eq.), terrestrial



ecotoxicity (TE, kg 1,4-DB eq.) and photochemicaldant formation (PO, kg 1,4-DB

eq.).

However, only three indicators were selected foncmnicating the
environmental profile of the products to stakehoddee., companies involved in the
project). The indicators were therefore the basibe decision-making steps along the
eco-design process, where companies decide thdestgn strategies that may be
applied for the new product. First, the normaliZ®dL environmental potential (Pt.)
was used for showing the global profile. Second,global warming potential (IPCC
2007) was selected as one well-known and understdaahdicator for companies (i.e.,
use of carbon footprint, CO2 trade). Finally, thencilative energy demand (CED, MJ)

showed the global energy consumption (Hischiet.&CG1.0).

The selection of these three indicators was basdtefollowing criteria: (a)
previous experience on eco-design projects withpaomes, (b) stakeholders’
understanding (e.g., GWP), (c) connection to comerrironmental indicators in
companies (e.g., energy), (d) comprehensive inglicgtthe environmental burdens
(e.g., CML Normalized) and (e) relation to currenb-labeling (e.g., CO2 and energy).
Finally, the indicators resulted also of greatriest for the present research, where the
energy consumption and the associated GWP bec&eeiasue in the eco-design of

non-ErPs due to the important contribution durimg ise and maintenance step.

<Heading level 1> Eco-design of a knife

A 900 series kitchen knife was selected in the §itsp (I). Its fabrication is
based on the following regulations: UNE-EN-ISO 9QRQ08) regarding quality

management, UNE-EN-1SO-8422/1 (1997) regarding ried$ein contact with food

9



products and NSF (National Sanitation Foundati@nifccation (http://www.nsf.org/)
concerning hygiene. Additionally, knife productifmtiows an HACCP (Hazard
Analysis and Critical Control Points)-based systdtareover, the handle of the knife is

color-coded to avoid cross-contamination.

The knife is composed of a stainless steel bladeaaroverinjected copolymer
polypropylene (PP) handle, both of which come fi®pain. Eight percent of the PP is
recycled in an internal closed-loop from leftovefshe overinjection process, while

steel leftovers are sold for external recycling.

The 11-step production process is performed intigrbs the same company,
while the packaging process is external. Steeltstare cut into small pieces; then,
semiautomatic die stamping is performed, followggblishing the back side. The
blade is tempered in an electric oven (1030-1076&Mre undergoing smoothing,
polishing and washing. Once the blade is manuallghed, the handle is overinjected,
and the cutting edge sharpened. Finally, brandoaoduct details are added to the blade
through electrolytic marking. The percentage oféaletric consumption during the

process that is from renewable resources (phot@iegdanels) is 4.05%.

Primary packaging is composed of the followinge3ns: a PVC cover,
information cardboard and a flange. Secondary gaogeconsists of a 6-knife
cardboard box and a cardboard box for shipment&i{d@s). The product is
distributed by truck for both national (35%, 500)kand international (65%, 2200 km)

sales.

<Heading level 2> L CA data and method

The functional unit considered for the LCA was #difor a domestic use

(household) with a lifespan of 10 years. The litgspesponds to company data (i.e.,
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experience, market studies) and entails the wiifeleytle, including maintenance of
the product (both cleaning and sharpening prociesBls resulting eco-designed knife
must also accomplish this functional unit and tbeesponding lifespariRrimary data
was obtained from the company and complementedbkdround data from databases.
These data were compiled in the Life Cycle Invent{tCl) (Supporting information

1),

Regarding use and maintenance, two different scenaere modeled
considering the most common cleaning options: veashing (environmentally
friendly scenario) and dishwasher (environmentatifriendly scenario), which allowed
the assessment of potential maintenance habitdiffiacent patterns of user behavior.
For both scenarios the amount of cleanings wasideresl the same (one use per day)
and data was obtained from field work (i.e., wated soap amount for the hand
washing option) and from producers (i.e., wateapsand energy consumption from
dishwasher producers; and soap composition fromp poaducers). Regarding the
dishwasher, data was allocated assuming a confplietg of the machine, in order to
avoid an overestimation of its environmental burdénally, since the company does
not make recommendations to the user regardingriief life management, it is
assumed that the fate of the knife at the endsdifé cycle is landfill together with

Municipal Solid Waste (MSW).

<Heading level 2> Product evaluation and ecobriefing

At first, the lifecycle was assessed while exclgdime use phase, which was
later analyzed by maintenance procedure. The naat@mnsumption during this process

is the biggest contributor to environmental impagpresenting between 45.2% and
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68.7% of the potential impact of the categoriedyaeal, mainly due to the stainless
steel (76.7 — 96.5%), which reaches nearly 100%eértoxicity categories (due toCr
emissions into the air and Ni and Be emissionstimtowater). The processing stage
represents approximately 35.4% to 50.1% of therenmental burdens (mostly due to
electricity consumption), excluding human toxiqi$1.1%) and terrestrial ecotoxicity
(-23.7%), which have positive impacts due to tleyeceng of the leftover steel material.
The transportation and packaging stages have sianlaronmental impacts of 7.0%
and 4.2%, respectively. Finally, the end-of-lifeatment has the lowest environmental
impact (<0.31%), with the exception of eutrophioat{4.7%) and water ecotoxicity

(9.8 — 12.8%) (Figure 2) (Supporting information 2)

However, the use phase varies substantially betwsers due to associated
resource consumption (water, energy and soap)a Eomestic user with a knife
lifespan of 10 years, hand washing maintenancesepits between 16.1% and 25.1%
of the environmental burden, excluding the ecotibxend human toxicity categories
(<12%), which increases the burden to 33% of threnabzed CML indicator (Figure
2). Although materials (34.7 — 73.8%) and procep$d2.7 — 42.1%, excluding HT (-
81.9%) and TE (-43.0%)) are still the main conttdrs, strategies regarding knife
maintenance can offer significant improvementsaAslternative, dishwashers are
commonly used for kitchenware maintenance. Whesidenng this scenario (Figure
2), maintenance becomes the largest environmeutdeh in the product’s lifecycle
(>91.2%), and HT (31.2%), FE (82.5%) and ME (89.26®) still largely affected by the

toxicity of steel.

According to the LCA results, strategies shoulduoon the materials (steel),

processing (electricity consumption) and use phéeasmtenance communication).
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These critical points were assessed by the tedhe®an in the ecobriefing (table 2) to

perform a basis for the improvement strategies.

Table 2. Ecobriefing results for the 900 series knife bydarct stage: concept
(C), materials (M), processing (P), transport aadkaging (T&P), use and maintenance

(U&M) and end-of-life (EoL).

Lifecycle stages

Critical points C M P T&P U&M EoL
Ecoinnovation strategies are not shown in the knife

(function) °

Lack of visibility of the consumer’s environmental .

impact

Little use of recycled materials (handle and blade) °

High energy consumption during processing °

High amount of leftovers from die cutting (handmade.

process)

High-impacting mode of transport

Single-use packaging from steel suppliers

Lack of recycled materials in the product packaging

Insufficient environmental communication about
maintenance

High consumption of resources (water and energy) .
during maintenance

Great difficulties for disassembling °

Insufficient environmental communication about end-.
of-life treatment

<Heading level 2> Strategy definition and product validation

Prototype design included 7 strategies that focoseithe concept of the knife,
materials, processing and use: (a) optimizatioim@famount of metal by reducing the
blade’s thickness, (b) co-injection of the handigha core of recycled PP, (c)
automatic die stamping with computerized systemfsoifer reduction by 10%), (d)
elimination of 6-knife secondary packaging, (e)@ymf accessories to users to
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optimize maintenance, (f) communication-to-usenulioe environmental profile of the

product, and (g) communication-to-user about masntee.

The new design of the 900 series knife is maingeldeon improvements in
materials and communication. At the material letseth the steel blade and the PP
handle were modified. Steel input was reduced b§%5First, the thickness of the
blade was reduced from 3 to 2.5 mm, which decresssd input by 16.7% while
maintaining knife properties. Second, computeraradf die stamping decreased the
amount of leftover steel by 10%. Furthermore, gedtion of the handle with a
recycled PP core (up to 70% of handle) (Figureragtically reduced PP leftovers to O.
New technologies applied to the processing alsdipely affected this stage by

reducing total electricity consumption by 7%.

At the communication level, strategies were appdiethe concept and the use
stages. First, the environmental performance optbduct is communicated to the user
through an environmental indicator with a large raguojection: the Carbon Footprint
(BS1 2011), which was stamped on the steel blatles §trategy aimed to differentiate
the product in the market as well as to offer asiews-making criterion to consumers.
Second, as shown in the product evaluation, theter@nce of the knife had an
important contribution to its environmental impdde to its lifespan; therefore, the user
is encouraged to apply eco-efficient cleaning amathienance in water consumption.
Environmental communication is used to promotergleggawith minimum water
consumption by recommending dry cleaning insteaasofg the dishwasher or hand
washing. To enable users to follow these recomntenda the knife is accompanied by
a microfiber cloth and printed with symbols andiuastions for eco-efficient cleaning

to motivate their use in cleaning.
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According to the environmental indicators for ttadidation of the design, the
CML-normalized punctuation of the prototype was 38%er than the original product,
while the CQ equivalent emissions were decreased by 17.8%lenenergy
consumption by 21.5%. When considering the comiieteycle (maintenance and
end-of-life), improvements of 44.3% were made i tiormalized CML, 35.0% in the
GWP and 38.7% for the CED. Finally, when compatheynew 900 design to a
conventional knife that is cleaned 100% by dishwagltthe application of a dry
cleaning could further reduce the environmentatibas by up to 93% (Figure 2). This
large reduction mostly relies on avoiding the egergnsumption during the
maintenance step related to the dishwasher usexaonple, energy consumption is
reduced from 653 to 37 MJ, as the electricity comstion of the dishwasher accounted

for much of the energy consumption of the origkafe.

The efficiency of the communication-to-user stragsgegarding the
maintenance best practices was assessed throegisit\sty analysis. Comparing to a
dishwasher user, an effectiveness of 25% showesffilebetween 24.6 to 25.9% in the
different environmental indicators, while an effeehess of 50% would represent a
reduction of the environmental burdens from 47.88®%. Comparing to a hand-
washing user, benefits may be from 20.7 to 30.3%nndssuming an effectiveness of
25%. Therefore, important environmental benefits lva achieved even with low

efficiency rates (25%) for the both types of maatece.
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Knife 900 series New knife 900 series S
/. 7 s co, 1 e

Cradle-to-consumer Cradle-to-consumer

Cradle-to-grave: Hand washing maintenace

3.5.101 191
Pt. kgCO,e g

Cradle-to-grave: Maintenace with dishwasher Cradle-to-grave: Maintenace with dishwasher
447101 | | 3208 : 3.58.1012 1.91
sy | kgCOZeq_..:: po3:25 My Pt. kgCO,eq. §7.04M)
CMLNorm Gwp CED CMLNorm GWpP CED
B m m Materials = ® ®mProcessing m m m Packaging ® ® m Distribution = Maintenance EolL

Figure 2. Environmental impact indicators: normalized CMMW8 and CED of the
900 series knife and the new eco-designed protlatshows cradle-to-consumer and
cradle-to-grave considerations (hand washing aslasher maintenance). Figures

show environmental improvement by circle complessne

<Heading level 1> Eco-design of a woman'’s jacket

The woman’s Blazer jacket is a lightweight jacketd®a of nylon (50% of which

is manufactured with recycled fishnets), polystgrand cotton. The jacket is composed

of 7 components: fabric, cotton label, cardboab@labuttons, hanger, fabric bag and
potato fiber bag. The main components come frone&dfabric), China (label) and
Spain (buttons, hanger). The jacket processingestagsists of 3 steps: design, fabric

dye and finishing, and dressmaking. Finally, thedpict is packed in a bag of potato

16



fiber with a plastic hanger. Trucks are used faromal distribution (72.5%, 485 km),

and planes are used for international distribuf®h5%, 4500 km).

<Heading level 2> L CA data and method

The functional unit considered for the LCA was &bazer jacket with a life
span of 5 years, according to company data (xperence, market studies). The
resulting eco-designed jacket must also accomghishfunctional unit and the
corresponding lifespan. The whole lifecycle of pfreduct was analyzed: materials
extraction, processing, transportation, use andt@aance and disposal. Primary data
was obtained from the company and complementedbkdround data from databases.
These data were compiled in the Life Cycle Invent{eCl) (Supporting information

3).

Two maintenance scenarios were considered forgbestage in order to show
the environmental impact of a wide range of potdmtiaintenance habits and different
patterns of user behavigk.low maintenance scenario assumed 15 washingsycle
(washing machine and drier) during the lifespamigh maintenance scenario increased
the washing cycles up to 25 and included an irosteg after the washing process
(washing machine, dryer and iron). Data regardmegenergy, water and soap
consumption of the different appliances was obthinem producers. Finally, like in
the previous case study, it is assumed that tikejas landfilled together with MSW

due to a lack of end-of-life recommendations fréva company.

<Heading level 2> Product evaluation and ecobriefing
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A cradle-to-consumer analysis showed the matesadje is the biggest
contributor to the environmental burdens of thezBtgacket, representing between
66.21% and 94.53% of the different potential impaategories, except for ODP, where
transportation accounts for 63.33% of the potemtiglact. The hanger and the potato
fiber bag (packaging) are the highest contributivajerials. The transportation
contributes 2.51% to 26.17% to the environmentadi®u of the rest of the categories,
largely due to the distribution of the product. &y, the processing and energy
consumption cause the least environmental impag8 (5 16.15%) in the different

categories (Supporting information 4).

Nevertheless, the results significantly vary wherfgrming a cradle-to-grave
analysis and the use phase becomes the greaté#beting stage of the lifecycle in the
different categories (36.20 — 62.36%), excluding Tt category (21.73%). The
electricity consumption of appliances used forrtte@ntenance of the jacket, such as
ironing (67%) and drying, is the most important tcinutor, while the water
consumption (<0.1%) is a minimal contributor. e ttradle-to-grave analysis, the
materials represent a contribution between 9.028x4dn80% (apart from TE, which
contributes 74.00%), while the transportation (:03.75%) and processing (2.14 —
6.07%) are the other main contributors. Finallg, &md-of-life treatment of the jacket is
the lowest impacting stage (<0.1 — 5.36%), whiclaigely affected by its contribution

to ecotoxicity (Supporting information 4).

The product evaluation highlighted the importantdeveloping eco-design
strategies for the use and the materials stagashwhbntributed the most to the
environmental burdens of the product. These ctipoats were assessed by the
technical team in the ecobriefing (table 3) toalkn analysis of improvement

strategies.
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Table 3. Ecobriefing results for the Blazer woman'’s jackegken down by
product stage: concept (C), materials (M), proceséP), transport and packaging

(T&P), use and maintenance (U&M) and end-of-lifel(f

Lifecycle stages
Critical points C M P T&P U&M EoL
Limited functionality for a particular purpose )
Comfort problems related to breathability of the .
material
Recycled Nylon °
Use of raw materials from a distant origin °
Long transport distances of the product
Overpacking of the product ° °
Multimaterial packaging °
Undetermined management for the processing
wastes
Non-identified materials and difficulties in end-o
life management
Lack of environmental communication about en
of-life management

<Heading level 2> Strategy definition and product validation

The prototype design included 5 strategies reggrtiia concept, materials and
use stages: (a) change the product into a mulosehgcket with an increase of the
potential lifespan, (b) require environmental daban suppliers, (c) use recycled
materials, (d) use regional materials and (e) imlet communication-to-user

strategies about jacket maintenance.

The new woman'’s jacket, called Livingstone, is tadeable multiseasonal
jacket composed of the following four pieces: exé¢ishell, internal vest, sleeves and
skirt. This concept makes the jacket a multifuntdilgoroduct with a wider use period
during the year as it can be transformed from arnsenvest to a winter coat. However,

both products were designed for the same lifespgears. In this sense, although the
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new Livingstone model has a more intensive use wenpared with the original

Blazer jacket, it also has a higher material corsion in order to ensure its durability.

For this new model recycled and regional matexadse promoted. First, the
cotton label was changed into a recycled PET label Portugal (500 km). Second, the
new internal vest is made of recycled cotton, &sm Portugal (500 km), which also
offers more breathability that reduced the needrfaintenance. Finally, the zippers are
made of recycled POM and PET, although the sup@igom Japan. Moreover,
because the jacket can be separated into separétesingle detachable part can be

washed to limit the environmental burden of maintere.

Furthermore, environmental data are now requirech fsuppliers to increase the
knowledge about the environmental performance ehtlterials used in their products.
Therefore, the availability of data can reduceaheironmental impacts related to the
supply chain, increase the quality of suppliergrove the environmental image of the

company and facilitate the entrance of the prothtotmore demanding markets.

Finally, the environmental communication-to-useatgtgy about maintenance is
focused on avoiding the use of a dryer and an ifbis strategy aims to increase the
user awareness of the importance of rational ugmefgy as well as to reduce the

environmental impact during the use phase.

The new Livingstone jacket has an overall highefirenmental impact
compared to the original Blazer jacket from an design cradle-to-consumer
perspective; normalized CML and global warming ptte are two times higher in the
new product, while CED is 80% higher. Neverthel#ss,eco-efficient maintenance
strategies had a positive effect when analyzingmhele lifecycle of the products. For a

high maintenance scenario, normalized CML is odtyligher, and the C{equivalent
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emissions are 17% higher, while the Livingston&gadas a lower impact from an

energetic point of view (reduction of 6%) (Figune 3

However, these results are due to an increaseiarttount of materials needed
to offer a multiseasonal design with detachablegseThe Livingstone model can be
used during the entire year, unlike the originaZ®Ir jacket. Notwithstanding its more
intensive use, the new model was designed foraheedifespan of the former design: 5
years. Therefore, a final comparison was madedesasmultifunctionality of the new
model, and this product was compared to a comloinati the Blazer jacket plus a
winter jacket. In this context, environmental impeeductions were 53% for the

normalized CML, 32% for the global warming potehéiad 36% for CED (figure 3).

Within these benefits, the maintenance strategisesented 40% (normalized
CML), 71.7% (CQ equivalent emissions) and 86.8% (CED) of the emrirental
reduction, considering a user that applies ecaiefit procedures. Finally, a sensitivity
analysis was carried out to assess the efficiehtlygpopcommunication-to-user strategies
for efficient maintenance. When considering 75%fééctiveness, the environmental
benefits range from 22.5% to 43%, while 50% eftemrtess would still yield positive

results for the new design (impact reductions betw&8% and 34%).
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New Livingstone women jacket

Blazer women jacket

Cradle-to-consumer Cradle-to-consumer

Cradle-to-grave: Low maintenance (15 washing cycles + drier)

66.79 MJ'

Cradle-to-grave: High maintenance (25 washing cycles + drier + iron)

B B ® Materials ™ B ®Processing ®m m = Distribution m m = Maintenance Eol = Winter jacket

Figure 3. Environmental impact indicators: normalized CMMB8 and CED of
the Blazer jacket and the new Livingstone jacketalfssis for the cradle-to-consumer
and cradle-to-grave scenarios (low and high maartea) and for the multifunctional
assessment between the new Livingstone jacket anthhination of the Blazer jacket

and a winter jacket. Figures show environmentakrowpment by circle completeness.

<Heading level 1> Discussion and conclusions

As defined in the Eco-design Directive 2009/125(EGropean Council 2009a),

a consideration of the entire lifecycle of a pradaamportant in eco-design
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implementation. Although legislation has focusedtmimprovement of the use phase
of ErPs, some non-ErP household items have a dekatton to ErPs and their resource
consumption during the use and maintenance statipeiofifecycle. Therefore,
strategies regarding use and maintenance as walbpsr communication-to-user
efforts are needed to include the consumer asibatir to the environmental

responsibility of a product.

Two non-ErP eco-design studies showed the relevaincensidering the entire
lifecycle due to the achievement of greater outcomleen considering a cradle-to-
grave scope instead of cradle-to-consumer scopébdtb products (knife and jacket),
the resource consumption (water, energy) duringiieephase turned out to be the key
points of the environmental burdens because thaterance was performed with an
ErP. Therefore, the prototype design included comoation-to-user strategies for

enhancing eco-efficient maintenance practices.

The series 900 knife was also improved in at theerras selection, processing
and maintenance phases. Eco-design at the cradlmsumer level showed
considerable reductions in the environmental busadérhe knife £30%). However,
the inclusion of maintenance strategies resulteshinronmental improvements up to

60% higher than when considering only the cradieaslasumer stages.

The Blazer jacket was changed into a new multiseglsoodel with detachable
pieces, while also improving maintenance, commuiuneo-user efforts and use of
recycled materials. An eco-design validation frogradle-to-consumer perspective
showed higher environmental impacts of the new rhdde to the higher material
consumption. However, consideration of the whdkxiicle showed lower differences

between the two models. Furthermore, the new mezatebe used during the entire
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year, and a multifunctionality assessment notetlittteanew model could cover the
function of the Blazer jacket and a winter jacked @ould reduce the environmental
burdens by40%, where the maintenance improvements contridutéseen 40% and

80% of this reduction.

Two aspects are relevant to the evaluation of tamt@nance of a product
during the eco-design process. First, quantitagixeduation (i.e., LCA) should include
maintenance scenarios for evaluating the best amstwonsumer behaviors. In the case
of the knife, washing could be performed by handitih a dishwasher, which would
have a significant effect on environmental impastduse a dishwasher is related to an
ErP. In addition, the use of different ErPs for thaintenance (i.e., drier and/or iron)
can vary the impact contribution of the maintenaofca jacket. Therefore, the
assumption of only one scenario could result ingletely different outcomes, which

may not show the real performance of the product.

Second, analysis of the efficiency of the propasteategies is relevant to
include the different user’s behaviors that camlidsom communication. Therefore,
different efficiency rates should be considereddsess this issue. In the case of the
jacket project, this analysis showed that even \eithefficiency rates (50%), the new

eco-product would have lower environmental burdeas the original one.

Communication-to-user strategies were performet fmytcommunicating the
environmental performance of the product and fonmting an environmentally
friendly maintenance behavior of the user. Forstheond purposes, strategies were
performed in different ways (figure 4). First, thew knife design included a microfiber
cloth to give the user a maintenance accessomgrf@co-efficient practice (i.e., dry

cleaning) while encouraging its use. Second, botldesigned products included

24



washing symbols for clothes to indicate which pras the user should avoid to
achieve a low impact on the environment. For exanfpk the eco-designed jacket,
washing symbols were incorporated to caution tlee against the use of a dryer or iron
(ErPs) in the maintenance stage. Despite not laahgl environmental symbols,
popular symbols are a way to stimulate environmritéendly behaviors by using
already well-known, common and understandable sysribppoconsumers. However,
these may be complemented by other company-use@oamental communication
channels, such as website, packaging or manualallfithe environmental benefits of

the use of the accessory were illustrated in terh@soided water consumption.

New series 900 knife New Livingstone jacket

m....'m-....-";.___-é———-——-?' Popular symbols (——'——'__‘ 8

i (2

Indication of environmental

,,,,,, 5 H benefits

3
L Accessory to be used for an

Eco-efficient maintenance

Figure 4. Environmental communication-to-user strategiepfomoting

efficient maintenance procedures.

Environmental communication has been carried othherdomestic sphere over
the past several years through best-practices agngrom public administration (e.g.,
resource efficiencyseeEU Generation awake campaign:

http://www.generationawake.eujegind the education system (e.g., water consumption

in schools). Moreover, domestic campaigns ofteneaehconsiderable results, such as
increasing recycling rates (e.g., Gragkda-Jurczaka et al. 2006). In this sense,

communication to domestic users, which are useddeiving advice about best
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practices, seems to be a potential effective mahprove the environmental

performance of household products.

Secondly, environmental communication about thepcoperformance (e.qg.,
labeling) result in an important tool to stimul#te consumer choice among different
products. Environmental concern is growing in therket while becoming an important
role as a decision-making criterion (Laroche et2001). By informing about
environmental properties, the producer is contiifguto overcome barriers identified
for green purchasing (Kollmuss and Agyeman, 2082ja example, environmental
information may contribute to the environmental wiexige of the user contributing
positively to increasing the environmental resploitisy of the consumer (Jordan et al.

2006).

Although the economic aspects can be a barrier, {evgstment) or a source of
skepticism (e.g., doubts in the cost-benefit badgneome authors have analyzed the
economic performance of ecodesign in enterpris#s pasitive outputs (e.g. Borchardt
et al. 2011, Johansson et al. 2001, Plouffe &Cdl1). The eco-design strategies
implemented in both projects were selected by tmpanies and, therefore, the
economic aspect was considered. Some of the geategre free of cost, such as
internal recycling of production waste (for thefielior require environmental data from
suppliers (for the jacket). Some of them had kelitbst (e.g., maintenance accessory of
the knife), while other strategies require an inwes1t due to new machinery (e.qg.,
coinjection of the handle of the knife). Howevaen;, the knife case the payback time of
the new machineries was lower than 3 years. Moreeveironmental benefits
regarding reduction of resources consumption @meygy and material input) as well as
increasing of internal recycling resulted into direconomic benefits for the enterprise

and into a reduction of the cost per unit (commbyARCOS).
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In this sense, and according to the literaturedesign entails not only
environmental but also economic positive outcorfiégrefore, companies may be
encouraged for assessing their products from astdesign and life-cycle perspective.
Although eco-design projects may need personnetramidng investment, cost
reductions per unit can be achieved through sustéerstrategies. Moreover, some of
them are transversal strategies that can be appliewst of the production chain (e.g.,
investment in more efficient machinery will affedt the products involved in that

process).

The analyzed case studies demonstrate the ecaadg#dsigo products with
different design considerations. The knife is ditranal product with a long lifespan,
with a determined function and with a restrictiyagienic regulation (i.e., restricted
contact of certain materials with food). As a restle implementation of innovative
design and environmental strategaes limited. In contrast, the jacket is part of the
clothing market, where the design and applicatiomesv materials is continuously
evolving. Regardless, for both cases, eco-desigweth environmental improvements
and highlighted the role of maintenance in a praduigecycle, where the

environmental burdens could be reduced by 40% %.80

In this sense, maintenance became a key stage gcthdesign of two non-ErPs
due to their close relation to ErPs during thigstéstrategies applied to other stages
(i.e., materials and processing) resulted in emvirental improvements for the new 900
series knife, although the burdens reduction cbelthree times higher when
considering maintenance. Furthermore, eco-desigineofise phase was essential for
obtaining better results in the case of the Livings jacket, which had a worse
environmental impact in a cradle-to-consumer patspethan the initial jacket.

Methodologically, maintenance scenarios are impotashow how much the

27



environmental burdens can be reduced as well dsateehow effective
communication-to-user strategies are in encouragsegs to minimize environmental

impacts in their use of the product.

Communication-to-user efforts should be conciseiaditative of the
environmental improvements to motivate users. deeaf popular symbols (e.g.,
washing symbols) could simplify the messages frioengroducer to the consumer. The
products presented here are household productsewhgironmental communication
has developed during the last several decades hakweffectiveness has been

demonstrated.
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