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ABSTRACT

Life Cycle Assessment (LCA) studies are designeché¢oused by designers, manufacturers, engineers and
companies, howeverthere are very few that wouldrdaalily understood by consumers. This article exgloa new
perspective of sustainability assessment methaas the retailers’ perspective on LCA informatiordahe consumers’
viewpoint in order to provide consumers with easythderstand and meaningful sustainability infoiorgtinfluence
shopping behavior and therefore stimulate industrsnanufacture product with less negative enviramadempacts. The
research presented in this paper explores the ftéor providing environmental information to caumers, through the
use of a mobile phone application in Near Field @amication (NFC)-enabled phones and NFC tags, amploges a new
eco-label to enable consumers to compare the emagatal performance of electronic products anccgcatng incentive

scheme.

KEYWORDS: Life Cycle Assessment (LCA), Near Field Commurimat(NFC), Sustainability, Product Category
Rules (PCR)

INTRODUCTION

Since 1999 to present, there have been many pokgid acts to regulate industry’s activities foviemmental
protection and sustainability such as 1SO 14040620@hich defined that a Life Cycle Assessment (l@Asesses the
environment impacts of a product and the resouses throughout a product’s life cycle; from rawtenil acquisition,

via production and use phases, to waste management.

The development of modern products is being desligiinfluenced by the application of technologies
contributing towards increased efficiency; thus tieed for tools/methods to monitor and assess rigadt of our

industrial activities has become crucial.

Paolo Frankl of IstitutoAmbiente Italia states teatironmental performance display should not beetieon a
full LCA (Jensen et al, 1997). However, presentimg confidentiality of commercially sensitive raatd without reducing
the credibility of LCAs is also a major problem. érafore, improving the quality of LCA is crucial order to make

information less complicated for the consumers(Sdhet al., 2007 and Jensen et al, 1997).

This research proposes to address the researchiogpseby focusing on the following aim: To enhartbe
understanding of Life Cycle Assessment (LCA) infation to the consumers by creating a presentatiethad for
enabling consumers to judge the relative envirortedenerits of products by using Near Field Commatian (NFC) and
mobile phone technologies. Through providing praslioformation about the environment, consumerd bél better
informed and more aware of environmental issuesgetbre they may be more likely to purchase praitit are making

less negative impact environmentally and socidllye first part of the paper explores consumerualtis to sustainable
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products and current environmental indicators &ssest and communication. It introduces a Consunifer Cycle
Assessment (CLCA) approach, a method to bridgegtye between technical environmental data and irdtion that

consumers need and can understand. CLCA approdidevéipplied to a case study base on “Computee’mic

It then proposes a new format of presentation toubed in mobile applications, which gives detailed
environmental impact information, product infornoati Eco-Points, and Energy Consumption; it wilballconsumers to

compare with other similar products internally.
CURRENT ISSUE OF ENVIRONMENTAL INDICATORS ASSESSMEN T AND COMMUNICATION

The World Business Council for Sustainable Develepniefined eco-efficiency as’the delivery of comipeely
priced goods and services that satisfy human naadsbring quality of life, while progressively radlnig ecological
impacts and resource intensity, throughout the difele, to a level at least in line with the earthStimated carrying
capacity” (International Institute for Sustainalidevelopment, 2012). Moreover, the earth Summit €amrfce at Rio
(UNCED) informs that all those who are affecteddmywironmental decision-taking should be able tdigipate and that
they should have effective remedies and redresshirwrongs they suffer as a result of environmedé&gradation
(Hughes et al, 2002).

Consumers Attitude to Sustainable Products

WRAP (2010) mentions consumer behaviour is clearkey element in the phase of selling consumereleict
products, however, customer had a very low levairaferstanding about eco- products, and most oftseomers think
that "Green products "would have lower specifiagadi@nd a higher price. Therefore, the best wayetp bonsumer's
behaviour to change towards sustainability willdeveloping a method to educate them (Dobson, 20@fman et al.,
2006and Young et al., 2010).

Recent evidence suggests that consumers generatited more information on eco features before @seh
They were mainly interested in how they could ma&eings on their energy bills (WRAP, 2010 and Réatal., 2009).
Information provided to customers should includeduct performance, pricing, packaging and supplgirchfrom
sourcing, production and distribution through te ttonsumption and disposal (Deloittea, 2009). Gebmppers will be a
great customer target, representing a high valgenest that buys more products on each trip, vigies store more

regularly, and demonstrates more brands and retaylalty in their purchasing behaviour (Deloitt&®09).
The Environmental Labels

Eco-labels is method to provide environmental infation to public decision-making introduced by Ehgopean
Union, which is a symbol designed to encourage nassies to designand create products that meetoeméntal
standards.(Wimmer et al., 2010).The most recentpBiposal for a definition of environmental labeldzclaration is that
"communication of a product environmental claimtthray take the form of statements, symbols, or lgcgpon product

or package labels, product literature, technicédebns, advertising, publicity, etc." (Competiti®@ureau Canada, 2008)
The Gap between LCA Information, Eco-Labels to Consmers

The World Business Council for Sustainable Develepin(2008) pointed out that many consumers remain
confused about which products are better for thaéremment according to the consumers Internatiaral the UK's
National Consumer Council report (The World Busin€suncil for Sustainable Development, 2008). Tlaeesnumerous
motivating factors behind the decision to take pantironmental issues, many of which are interegleguch as consumer

demands, Compliance with legislation, communitydsefor environmental improvement, security of sypphd product
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and market opportunities (Jensen et al, 1997).

The natural tendency with LCAs tried to distil cdeypty down into single numbers or “scores”, howeueCA
is as much an art as it is a science and the L@Arte are extremely technical and very complicatedbnsumers(Esty et
al, 2011 and Heiskanen, 2005), so it is very haudet interpreted by the consumers. Consumers niagpke action easily,
but they couldbe very powerful in influencing thaywbusinesses and supply chains are running, imstef how products

are designed.

Upham et al. (2009) suggests that to make custéontake more actions, or even make better decdioing
their purchases of green products,we should masieiers to understand the meaning of LCA infornmatjoickly and in

an easy way.

The existing Eco-labels may be one of thesolutimnscrease consumer awareness, however, the rhalsé o
consumers are confused by the existing sustairiafidemation. Climate Action (2011) agrees that agnsrs may be

confused or misled by it.

This research will bridge the gap between the tiea@hnenvironmental information and what information

consumers actually understand and need to incteasgparency and communications with consumers.
CONSUMER LIFE CYCLE ASSESSMENT (CLCA) METHOD

In this research paper, we have developed a neistibcdpproach ‘Consumer Life-Cycle Assessment’ Q&L
also called ‘consumer life-cycle analysis’), whisha technique to assess environmental impactsiassé with all the
stages of a product's life from-cradle-to-gravee.(i.from raw material extraction through materigisocessing,
manufacture, distribution, use, and disposal oyaléng). It assesses the environmental impactscéastsal with identified
inputs and releases, interprets the results to befsumers make a more informed decision. It atsobines product
information (such as brand name, price, etc.),renmental information (such as global warming, dicidtion, etc.), and
other environmental information such as energy eomqion and Eco-Points, presenting it in a simplgyvior the

consumers.
Method of LCA Data Collection and Analysis

Product Category Rules (PCR) will be used as ashafiData Collection; PCRs describe the scope and
methodology for performing the LCA. It is a form gfiidance and rules for the collection of data atier information,
how the calculations should be done to transferdat to the climate impact and how this informatghould be
presented. This will ensure the data is gathered fanctional units are the same, achieving a faid aneaningful

comparison between similar products.

The next step is to conduct a product LCA followihg PCR and 1SO 14040. A range of factors are tsed
assess a product’'s environmental performance, agcinaterials acquisition and manufacturing phaaekaging and

transportation of main components to product mastufang site, energy product use, and End-of-Life.

The method we will use analyses the data collebiedising SimaPro. SimaPro is the most widely us€d L
software, used by major industries and consultahteugh to research institutes and universitieallbws complex life
cycles to be modelled and analysed in a systeraatidransparent way. Process LCA will account tiergy and material
flows, converting those flows into ‘impact categsfi(emissions and wastes to the environment), asajiobal warming,

acidification, etc.
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The results can then be used to create our ConsEméronmental Product Declaration (CEPD), whichais
comprehensive report detailing the results of tl#land must contain criteria defined in the PCRisphdditional Eco-

Points and product information. CEPD provides di#itly, consistency, comparability and transparency

Although SimaPro is a very sophisticated tool, &nd designed to be used and understood by envieoral
consultants or specialists; it is not designedttier consumers. Consumers don't typically have tmwext to understand
whether 50 pounds of carbon for a pair of shoegoisd or bad (Deloitte, 2009), these raw figures lbardifficult for
consumers or customers to comprehend. TherefoorinConsumer Life Cycle Assessment approach, weabgb re-

analyse these figures and convert them into untiggh can be easily compared and understood bgghsumers.
Format of Presentation

Format of Presentation is a way of presentinghalimportant information for the consumers, creptiform or
type of Eco-label. Information displayed in the Habel include Product Information, Environmentaoirmation, Energy

Efficiency and Eco-Points.

The format of which the information is presentedl&o crucial. It is important to present sufficienvironmental

information, which can be easily understood andmar@d by the consumers during their purchase.
Method for ‘Product Information’ (PI)

In October 2011 we conducted 50 questionnaires/fich we chose 25 males and 25 females aged betiuetn
over 60 in Nottingham, UK. This survey is basedgaiming insight into consumers’ shopping behaviouthe electronic
shop. In the questionnaire the questions includgocoers’ considerations when purchasing an electnomduct. The
survey’'s result shows that environmental attributeonly one factor considered by consumers inrtipeirchasing

decisions, and is usually only factored in one caraple quality and performance has been established

In practice, when consumers purchase electronidyats, they do not only consider the environmeimygact,
they also take into account the design, price,igyddrand, functions, durability, etc. If an Ecasplay only provides
environmental impact information but without protiuormation, it will not be user-friendly and vaty used, therefore
it will not be the most appropriate method of FormfPresentation for the consumers. We need te sample and not
over-complicated Product Information in the labke have included product category, brand name, hradaber, price
and expected lifetime in the Product Informatiamabdition we recommend having a product picturthiwithe Product

Information (As it can be seen in the Figure 1).

Product %
Information
Product category Mouse
Brand name Logitech
hdodel rumbses RA1B5
Price £12.549
Expected Life Time 3 years

Figure 1: Interface Design for Product Information

Environmental Indicators (EI)

As PCR already provided guideline to what critedanclude, we can utilise the readily availabléoimation as

our main Environmental Indicators. By using datanfrPCR, it is possible to gather comparable infdionabetween
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similar products and to compile a database. The rinain indicators, which we will include in our E-Display, will be,

global warming, acidification, eutrophication, oedayer depletion, and sumr smog (as shown in Figure

The reason for choosing those indicators is becewsaeed to recognise that the climate changelisare of
the dimensions. In the case of some product gragnegnhouse gas emissions are not the most simifenviromental
aspect, therefore other environmental impacts reette taken into account as well in order to previghlance:
information for consumers on the environmental genfance of products. Consequently, we have dedialedclude a
least four of the m&t important Environmental Indicators in the Enmimental Information section of the E-Display.

Environmental <
Information

Global warming 3.997 kg CO2 eq.
Acidification 4.42E-07 kg SO2 eq.
0.027 kg PO43- eq.

Eutrophication

0.0048 kg CFC-11 eq.
0.0008 kg C2H4 eq,

Ozone depletion

Summer smog

Figure 2: Interface Design for Environmental Information

Environmental Score and ‘Smiley Faces’ Assessment Methc

We have developed the smiley face assent method to assist consumers with the comparsetveer
products. This method allows consumers to compaeoverall environmental impact of the productsirsgjaeach othe
easily without having to go into the detail of edefivironmental Indicator. Tlere are three faces, happy face coloure

green, normal face coloured in orange, and theolastis sad face which is coloured in r

Colour is an essemti part of the world around udt provides us with important information about «
surroundings;t affects the way we feel about, and react to,r@lay things (Beaird, J, 2006). Therefore choosi
suitable colour for the assessment will be veryartgnt. Green is the colour of nature and safety ased to indicat
‘environmental friendly’ prodets. Red is the colour that is associated with danQrange can be used to imply warni

The colours are used to emphasise and highligit e@otion, to aid the consumers in interpretingrifessage instant

‘e

Figure 3: Smiley Faces Designs
In addition, global warming is one of the most intpat indicators, CO2 is a big contributor to enovimental
damage, and therefore this indicator should be htedy more to the total score. For the comparisorprofucts’
environmental information it idecided that whichever product has a lower glokaiwing figure, it will receive 2 point
Subsequently each product’s score will be addetb give a total; the product with the higher totéll receive the happ
face, and the product with the lowettal score will receive the sad face. The consurdersiot see this backgrou

calculation. Consumers will only see the resultp(y face onormal faceor sad face) of this assessme

For example, when computer mouse 1's acidificafindicator figureis lower when compared to compu
mouse2 and computer mouse 3, it means it is mardiy to the environment, therefore it receivepalnt, compute

mouse 2 receives 0.5 point and computer mouseedveec0 point (Figure ¢
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Energy Consumption with Thumbs up/down Assessment kthod

The energy consumption of a product in the use @lmsletermined by three factors: its power demasdge
patterns and estimated functional lifespan. Catmrafor Energy Consumption associated with the pisase will vary

from one product category to another.

For a desktop computer mouse its time of use isctyr proportional to the desktop computer usestthe
guideline in the Energy Star Program Requiremamtsdmputer equipment willbe followed (Primax efecics, 2011). In
accordance with the Energy Star Program Requiresnfamt Computers, the Typical Energy Consumption @Y Es

calculated as:
Erec = (8760/1000) x (B> Tos+ Psieep Tsieept Pidie Tidie) X3.6
Pt = Measured power consumption in Off Mode (W)
Psieep -Measured power consumption in Sleep Mode (W)
P.yie =Measured power consumption in Idle Mode (W)
To= Values are percentage (%) of time within a yeadfhMode
Tseep-Values are percentage (%) of time within a yesilgep Mode
Tige= Values are percentage (%) of time within a yeddieMode
Erec = Expressed Typical Energy Consumption
E tv = Expected Life Time Years

The unit for Bec is MJ (1.0 kilowatt-hour (kWh) = 3.6 MJ), the Preaneasured values for the computer mice
corresponding with usage of desktop computers its wfi W. The Tx values are percentage (%) of timiidin a year the

product is in the specific state.

The annual energy consumption in kWh per Life Ti¥ar for desktop computer mice can be calculated as
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EC = Eec/ By
EC= Energy Consumption
*With regard to Px (Poff, Psleep and Pidle), they measured and provided by the manufacturer,its ahW.

For example, In the average of time within a yearcdomputer mouse use in Off Mode is about 55%pnfouse

use in Sleep Mode is about 5%, for mouse use eNtide is about 40% (Primax electronics, 2011).
Mouse 1's Measured Consumption is
Poff=0.05W, Psleep=0.2W, Pidle=0.5W
Erec = (8760/1000) x (0.05W x 55% + 0.2W x 5% + 0.5\M0%6) =0.2375
EC=0.2375/3= 0.6935 KWh/LTY
Mouse 2's Measured Consumption is
Poff=0W, Psleep= 0.0018W, Pidle= 0.06 W
Erec= = (8760/1000) x (OW x 55% + 0.0018W x 5% + 0.08\W0%) =0.21031884
EC=0.21031884/4= 0.05257971 KWh/LTY
Mouse 3's Measured Consumption is
Poff=0W, Psleep= 0.0018W, Pidle= 0.03W
Erec = (8760/1000) x (OW x 55% + 0.0018W x 5% + 0.03\W0%6) =0.10519884
EC= 0.10519884/3= 0.03506628 kWh/LTY

From the results of the calculation we can seertfmise 3 has smaller energy consumption in expditétidne,
thus, the consumer can save more energy duringrdurict’s use stage. However, some consumers riighthe numeral
figures slightly confusing, therefore we decidedteate graphic figures, which could be easily ustd®d by anyone who

uses this method to compare the products’ energguwaption.

We decided to use the design of coloured ‘thumbsangd ‘thumbs down’ since we believe it is an alinos
universally used gesture for expressing the appmvdisapproval (Siljerud, 2008). We also belig¢hese graphic figures

may also have the ability to fulfil the needs afezly or people with problematic eye vision.

Method of measuring the products: When two prodactscompared, the lower the “Energy Consumptian pe
year per Life Time Year” is, the better the produnety be seen; therefore the lower figure will beegia Thumbs Up, the
higher figure will be given a ‘Thumbs Down'. If m®than two products are compared, the middle higiré of products
will be given a sign ‘Thumbs in the middle’. Therpase is to take products’ Expected Life Time iatxzount when
dealing with electronic products in use stage,docate the consumers as well as increasing thecaess for the makers

of these products as shown in Figure 5.

Energy <& (N »
Consumption D{ ( P

Energy Censumption 0.035 KW 0.053 kWh 0,634 kKwh
Iper Life Time Year perLife Time Year perLife Time Year perLife Time Year

Figure 5: Thumbs up/down Assessment Designs
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Eco-Points (EP) Calculation Method

The Eco-Points is a loyalty and reward schemedesdign motivate consumers to recycle their EoL (Bhtife)

electronic products.
The Equation
MRV (Maximum Reward Value) = Product’s price x 10%
Eco-Points = (MRV) x Recyclable Content (RC) %
* We set one pence is equal to one Eco-Point
The price of mouse 1 is £12.99, the price of m@se£59.00, and the price of mouse 3 is £14.99.
e Eco-Points for Mouse 1: 96 Points = (1299 x 10%%%0
e Eco-Points for Mouse 2: 437 points = (5900 x 10%/%0
* Eco-Points for Mouse 3: 120 points = (1499 x 10980%b
NFC Mobile Technology Communication Method

Mobile phones have become ubiquitous, and handlelshputers such as smart phone have become
commonplace technology. Using mobile devices indsv possible to perform most tasks normallyon dicstary
computer, such as browsing the web, reading andlirsgnemail, retrieving information, royalty programa and
communicating in real-time with other people. NE&ld Communication (NFC) allows for simplified misactions, data
exchange, and connection between two devicesbyitogithem together. A smartphone with an NFC clapld make a
credit card payment or serve as key card or ID.ddFC device can read NFC tags on a museum ot dispilay to get
more information or an audio or video presentati®oebuck, 2011). NFC is working in the frequencpdaf 13.56 MHz
and is compatible with ISO/IEC standards 14443 xjpndy cards), 15693 (vicinity cards) and Sony’'di€a contactless
smart card system. Enhanced Near Field CommunitéiNFC) can support the standards ISO/IEC 144438 Philips
MIFARE) and ISO/IEC 15936 (RFID tags) (Falke et2007).

NFC forum (2012) defined that NFC technology hawaently three usages of NFC mobile devices (Figre

NFC Card \
_ _ Emulation Mode Peer-to-Peer Mode Reader/Writer Mode
i
b . £ Applications
NFC Forum Protocol Bindings RTD
I, OREX, . Record Type
Card Definition
Emulation &
S LLcP NDEF
for Mobile Logical Link Data Exchange
Davicas Link Protocol Format

A S

Tag type 1,2,34

RF Layer ISO 18092 + |SO 14443 Type A, Type B + FeliCa

SourceNFC Forum, 2012
Figure 6: NFC Phone Usage Modes
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Emerging NFC standards allow customers to quickiscpase products and transfer secure informatiotoilbgh
devices. In May 2011, Google announced Google Wadle Android application that will make use of NE& make
payments at stores. The card information will berest in the application and will be used to make ttansactions
(Roebuck, 2011).Android is a Linux-based mobilenehoperating system developed by the Open Handkanee led by
Google (Karch, 2011). Merchant 360 CEO Steve McBRaid "we decided to release this as a solutionwalip any
Android developer to get engaged with NFC technplgd increase adoption®(Clark, 2011).

NFC already deployed in some Android mobile deviaesl currently international handset makers such as
Samsung, HTC, Motorola, LG, Acer and Sony Ericsatirhave announced Android NFC mobile phone (NFGldyo

2012). Therefore Android platform has been chosetthie implementation of the prototypes.
Proposed System for NFC Eco-Display

Providing a mobile phone application’Eco-Display bile App” supports the comparison of environmental
merits between similar electronics products. Thislization allows consumers touseNFC enabled phbyésuchingNFC
tag, which gives detailed environmental impact infation, product information, Eco-Points, and Ege@pnsumption

which will allow consumers to compare with othen#ar products internally during their purchasirmggess.
The system will work in the following procedure:\@all of NFC Eco-Display System shows on Figure 7)

Customer can find the Eco-Display Mobile App fronodgle Android market then install to their Nearl&ie
Communication enabled phones. During the processstdilation of this application, there will benning an automatic
download of latest inventory database. Customeestlisir Near Field Communication enabled mobileng@soto touch
NFC tag in the retail shelf next to the producttish to see.

Foreground Activity Dispatch System will force “E@nsplay Mobile App”"to be automaticallyopened; the
system will also check the receiveddata, if it rhak; this application will deal with data contehen NFC tag's data
matches one of products from inventory databasen tthe detailed environmental impact informatiompdoct

information, Eco-Points, and Energy Consumptior el displayed on the mobile phone.

Customers can use this application’s comparativection to compare a certain product with other Emi

products internally, during purchasing process.

Customern’s Eco- Input Eco-
pointsaccount <., Display
\ B et detail e, Lo infermation to
o | e o s Gile abiase
L recycled - i
Database
Server
L3
App updates S -
inventary -
database and ﬂ"
Eco-pointsfrom 0.\

Each NFC tag Database Server| tall 00 bufoce Wapoins

\ | Cemussiimud ol
relate to one clﬂlld'vil \ ™
et wireless netwark N =
or 3G network et DR
i e e
f Database requests : r_-‘
L= _N»_. T l‘ — — ‘“:'-::

C*- Encoding Uniguee
code Inte NFC tag

then placing it on Use your NFC . . ;
the shelf enabled phone to Display product®s Eco-information Chedkout

see the product and compare it
Information

—

!

Figure 7: NFC Eco-Display System form Install to Us in the Retail Shop
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APPLYING RESULT TO ECO-DISPLAY
Database Design

In order to achieve CLCA database system, we aleateCLCA database by Structured Query Language
(SQL)which includes designing the structure for tekational database, the logical systemdesignld@fA database, and

physical system design which links the databasesyt NFC enabled mobile phone.

The figure below is the initial draft of the databadesign; it shows each ID number relating tortairedevice
and each device relates to four data types sughaakict images, manufacturer information, Eco-inipiaimrmation and

product category.

5 id e 5 small String

i) created dlaneTime 51 mnedium LTFIAG

large siring

1
| 3 name string
1
w20 namee string ) description string
i) dercription sIring @) country siring
(8 price int ] o Image
(& reference STring
8| image Image |
ne tanufaciures |
& brand Manufaciure | 2 recylceable int
2] ecolmpatt Ecolmpact | D Eec float
€| category Category | 5l lifetime ni
LN - floar
() globaMVarming float

R acidification float
2 eutrephicatisn faat
Bl prone float

B smog float

2 name string

description Etfing

€] image Image

Figure 8: The Initial Draft of the Database Design

The Process of Programming

Information on the NFC tag is encoded in the ratepbtherefore, to make information appear to ther,ube data
written to the NFC tag should transform byte datarogram readable format. In order to ensure tti@information can
be read by Android NFC-enabled mobile phone, thenrfftamat use to read and write data on tags mualify to NFC
Data Exchange Format (NDEF)standard (Android Depeais,2012).

When we started to develop Eco-display applicatmmAndroid NFC mobile phone, in the first step setup

“AndroidManifest.xml file”. As shown below:

e To use the NFC API, applications must request pssion from the user by declaring <uses-permissimitaad:

name="android.permission.NFC"> in their manifekgdi
»  We set up the minimum version of Google APIs shdagdn “10”. <uses-sdkandroid:minSDKVersion="10"/ >

* We set up the *“users feature” must have NFC factiewses-feature android: name = *“android

minSDKVersion="10"/ >.

* We set up the “Intent Filter” ask Android systemiethApplication can deal with NFC data.
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<intent-filter=>

<action android: name="android. Nfe, Acticn.
TAG_DISCOVERED” /=

<category android: name="android, Intent. Category.
_DEFAULT" /=

</fintent-filter=

Figure 9: Xml for Intent Filter
In addition, we chose”Foreground Activity Dispatsiistem”, which is a system used to notify aboutadciting
application. We use this system because we wartusimmer using their NFC-enabled mobile phonetch NFC tag in

the retail shelf next to the product they wishee.s

After touching the NFC tag, “Eco-Display Mobile Apillautomatically open, which could save custoraer

time to run the application.

Moreover, to make NFC application deal with theteah of ‘TAG_DISCOVERED?’, this application must fav

an AndroidManifest.xml file (with precisely thatma) in its root directory.

The manifest presents essential information aldmuaipplication to the Android system; without timfrmation

there cannot be run any of the application's c@tie.example of source code is shown on the figatevi

01 Ndefhdessage [ ] ge®NdefhEssages (Intent intent) {

oz /! analyse intent
03 MNdefhdezzage [ ] megs =null ;
g String action = infent . getAction () ;

03 if (MNicAdapter . ACTION TAG DISCOVERED. Equals (
action)) {

(1. Parcelable[ ] rawlishs =

07 intznt . GetParcelable ArrasE xtra( Nicadapetr .
EXTRA NDEF MNMESSAGES):

08 if (rawhdEgs '=null) {

oS megs = new MNdefhvEssage] rawdisgs  length ];
10 for (inti = 0; i<rawddsgs  length; i++) ;

11 msgs[ i ] = (NdefhvEssage) rawddsgs[i]
12 3

13 ¥

14 elze {

15 / unknown tag type

16 byte [ ] empty =newbyie[] {}:

17 MdefRecord record = new MNdefRecord (NdefRecord
TINF_Unlnowm , empiy, empiy,

EIPE C

18 MNdefhiessagemsg = new MNdefMEssage [ new
MNdefRecord [] { record } ) ;

1o megs = new MNdefhvizzsage [] {msg } ;

20 ¥

21 ¥

22 else {

23 Log . e TAG . “unknown tag type™ + intsnt ) ;
24 finish () :

25 3

26 refurn msgs ;

27 ¥

Figure 10: Xml Code for Tag Discovered
Furthermore, we created”’Pending Intent” object usbén the mobile phone touches NFC tag; Androidesys
can readthe tag’s detail. Then Application willuegt the database to deal with product ID whiaghasched to the tag.

PendingIntentpendingIntent = PendingIntent getActivity(
thiz, 0. new Intent{this,

getClaze()) addFlags(Intent FL AG ACTIVITY SINGLE T
OF). 0);

Figure 11: Xml Code for Pending Intent
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Then, the “Foreground Activity Dispatch System” Iwgheck the intent and received data,

application will deal with intent. The source cddam the figure 14 deals with all MIME types.

IntentFilter ndaf = new

IntentFilter(NicAdapter ACTION NDEF DISCOVERED);

try {

ndef.addDataType("*/*"); /* Handlesall MIME based

dizpatches.

You should specifyonly the ones that

vou need. */

}

catch (MalformedMimeTypeException e) {
throw new RuntimeException( ' fail", 2);

}

ntentFiltersArray = new IntentFilter]] {ndef, };

Figure 12: Xml Code for Foreground Activity Dispatch System

User Interface Design for Eco-Display Mobile Appliation

Min-Kai Hsiao

if they matair

User interface is everything that the user canasgkinteract with; therefore, we begin forming tresign of the

application’s layout with a size of display expessn a width and a height, and size of texts amagies, which will be

shown in the application. User experience is amokley factor for mobile application developmentistlpplication is

mainly aimed to provide consumers with easy-to-ustd@d and comparable sustainability informatiomirdy their

purchase. Therefore, this application should beéemtomplicated for user.

The information shown in the Eco-Display applicatimcludes that the product’s information, enviramtal

information, and Eco-Points from the product hagerbselected. As shown in Figure 13.Figure 14 agar& 15, user can

also use their fingers to swipe down to see eneogsumption’s information. This application alstoas customer to

swipe the view to horizontal paging (Figure 16).

Prisdect Litegmg
Dt aarwd. At
[TRE R " p—
| e

[ vpet 1 Lol

Eco-Points

436 points

Eeo-information

A ool mmang
(TIPS C
WA Lumsmpharatan

i Dpeses deplation

Figure 13: Product Information in Eco-Display App
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Figure 14: Moving Finger to See More Information

Figure 16: Horizontal Paging

This application also provides the explanation efvimnmental information such as global warming,
acidification, eutrophication, ozone depletion, aadhmer smog; they can simply touch the questiork tmatton to check

the meaning of environmental impact they would tiké&know more information about (Figure 17).
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Global warmieg is an sverage
increase in the temperahee of the
abmosphece ear the Earth'a
surince and in the Tropoephee,
which can coninbute 1o changes

in giobal climate paierns. Global
WA £an Sccur froen o variety
of cauges, both et of snd Pamsn
induced. I COMITon Lage,
“global warming™ afen relers ba
i welfering Tl Ea6 SEcis 0% &
resull of increased emissons of
greenhouss gases from huaman
actnilies

Figure 17: The Explanation of Global Warming
The main function of this mobile phone applicatisrio allow customer to compare different producbider to
make them topurchase an ecofriendly product. Wheastomer touches the button of compare form in the of
application, the application will showthe produategory to choose the product type, which is shimnFigure 18. In the

next step, customer can select the products thely twicompare, form the list, (Figure 19).

The comparison result from “Eco-Display mobile afgpshown in the example Figure 20. The smilingegréace
or sad red face show which product is more ecavitie customer can also compare which product isenemergy saving
in using stage by using thumbs up/down method.Maredhe application displayswhich product has niece-Points for
recycling.

Besides, if customerwants to know the reason wicgréain product has a bad or good rating, theyaaplg
select the device, which they would like to chefeig@re 21).

Figure 18: Choose the Product Type
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Figure 21: Checking Product Information
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CONCLUSIONS AND FURTHER WORK

The LCA reports are extremely technical and vemnplicated for consumers, they cannot understaedstly,
although Eco-label provides an easily identifiedhod, but most of the Eco-label only used a logsyonbol without any

detailed information, no linking to company’s unieffort.

This paper proposes a possible solution, which imigue combination of innovative technology analigy
sustainability information to fit in with EPD regsts, and to present sufficient environmental infation, which can be
easily understood and compared by the consumeisgditreir purchase. Through providing products linfation with the
environment, consumers will be better informed amate aware of environmental issues, therefore thay be more

likely to purchase products that are making leggmtiee impact environmentally and socially.

The environmental communication method with NFC ieolbechnology can assist consumers to judge the
relative environmental merits of products; consusneitl be better informed and more aware of envinental issues, and
it may alsoencourage them to purchase productsatetmaking less negative impact on the environmiglust of
companies will not like to be stacked with a badelabecause of their product,or fail to comparehwather similar
products, therefore, our environmental communicatieethod may influence companies to design or nzaturfe product

withless negative environmental impact,increash@irtsales and their social image.
REFERENCES

1. Android Developers, 2012. Advanced NFC. [Onlineyaf\able at:
http://developer.android.com/quide/topics/connéistinfc/advanced-nfc.htnflAccessed 02 Sep 2012].

2. Beaird, J., 2007. The principles of beautiful welsign. SitePoint Pty. Ltd. Canda.

3. Christiansen, K., Wesnaes, M., and Weidema, B.PO62@onsumer demands on Type Il environmental

declarations. ANEC - the consumer voice in standatitn (AISBL), Belgium.

4. Clark. S., January 2011. First Android NFC appdrbegappear. [Online]. Available at:
http://www.nfcworld.com/2011/01/14/35655/first-anét-nfc-apps-begin-to-appear/[Accessed 02 Sep 2012]

5. Climate Action, 2011. Eco-labelling goods still éases consumers. [Online]. Available at:
http://www.climateactionprogramme.org/news/eco_llaime goods_still_confuses consumers/ [AccesseG R
2012].

6. Competition Bureau Canada, 2008.Environmental Gaith Guide for Industry and Advertisers. [Online].
Available at:http://www.competitionbureau.gc.calsite/cb-bc.nsf/leng/02701.html.[Accessed 02 Se2R01

7. Deloitté!, 2009. Finding the green in today's shoppers- ahaility trends and new shopper insights. The
Grocery Manufacturers Association (GMA). [OnlineAvailable at:http://www.deloitte.com/assets/Dcom-
Lebanon/Local%20Assets/Documents/Consumer%20BgDemitte GreenShopperStudy_2009.pdf [Accessed
02 Sep 2012].

8. Deloitte’, 2009. Lifecycle Assessment: Where is it on yaistainability agenda? [Online]. Available at:
http://www.deloitte.com/assets/Dcom-
UnitedStates/Local%20Assets/Documents/uses_Lifeé&gdessment.pdf.[Accessed 02 Sep 2012].



The Provision of Sustainability Information for Electronic Product Consumers through Mobile Phone Techology 79

9. Dobson, A., 2007. Environmental citizenship: tovgaslistainable development. Sustainable Developiitfent
276-285. DOI: 10.1002/sd.344

10. Esty, D., and Simmons, P.J., 2011. The Green ta ®oisiness Playbook: How to Implement Sustainabilit

Practices for Bottom-Line Results in Every Businesaction, John Wiley & Sons, Inc., New jersey, U.S

11. Falke, O.,Rukzio, E., Dietz, U., Holleis, P,. anc¢h®idt, A., 2007. Mobile Services for Near Field
Communication. [Online]. Available at http://wwwmop.lancs.ac.uk/ ~rukzio/ publications/Imureport2@aif
[Accessed 23 October 2011].

12. Green Stamp Eco Products Blog, 2012. The Probletm the Ecolabel.[Online]. Available at: http://wweeo-
products-blog.co.uk/the-problem-with-the-ecolab@tcessed 02 Sep 2012].

13. Heiskanen, E., Timonen, P., Nissinen, A., GronrdgsiHonkanen, A., Katajajuuri, J.M., Kettunen Kurppa, S.,
Mékinen, T., Seppéald, J., Silvenius, F., Virtanénand Voutilainen, P., 2007. Developing a benchataol for
sustainable consumption: an iterative process. id@pEnvironmental Education and Communication: an

International Journal, Volume 6, Number 2, pp. 137(11).

14. Hughes, D., Jewell, J., Lowther, J., Parpworth,axd Prez, P.d., 2002. Environmental Law: Fouritieed Reed
Elsevier.UK. Ltd.

15. International Institute for Sustainable Developm@6tL2.Eco-efficiency [Online]. Available at:
http://wwwe.iisd.org/business/tools/bt_eco_eff.afpgcessed 02 Sep 2012].

16. International standard ISO 14040, 2006.Environmemgnagement — Life cycle assessment — Principfes a
framework [Online]. Available at: http://www.pgm-lime.com/assets/files/standards/iso_14040-2006.pdf
[Accessed 02 Sep 2012].

17. Jensen, AA., Hoffman, L., Mgller, BT., Schmidt, Adk-TEKNIK Energy & Environment, Denmark,
Christiansen, K., SophusBerendsen A/S, Denmarlggtkin, J., Dijk, FV., and SustainAbility, United ngdom,
1997. Life Cycle Assessment: A guide to approackegeriences and information sources, Environmdssales

Series No.6, European Environment Agency.

18. Karch. M., 2010. What Is Google Android? [OnlinAjailable at:
http://google.about.com/od/socialtoolsfromgooglefairoid_what_is.htm. [Accessed 02 Sep 2012].

19. NFC forum, 2012. NFC and Interoperability [Onlinéjvailable at: http://www.nfc-forum.org/aboutnfcterop/
[Accessed 02 Sep 2012].

20. NFC world, 2012. A definitive list of NFC phone®iline]. Available at: http://www.nfcworld.com/nfthones-
list/[Accessed 02 Sep 2012].

21. Ottman, J.A., Stafford, E.R., and Hartman, C.L.0@0Avoiding green marketing myopia: ways to impgov
consumer appeal for environmentally preferable petal Environment: Science and Policy for Sustdaab
Development 48(5): 22—-36. DOI: 10.3200/ENVT.48.53%2

22. Platt, R., and Retallack, S., 2009. Consumer Polkew the public thinks lower-carbon behavior cobkl made
mainstream. [Online]. Available at: http://www.alyn.co.uk/ ART067736u/IPPR_consumer_power.pdf
[Accessed 02 Sep 2012].



80

23.

24.

25.

26.

27.

28.

29.

30.

31.

Min-Kai Hsiao

Primax electronics, 2011. Product Category RuleéSR)Pfor preparing an Environmental Product Declarat
(EPD) for Mouse.[Online]. Availableat:
http://pcr-library.edf.org.tw/data/taiwan/EDF2011EPD-PCR_Electronic_mouse.pdf. [Accessed 02 Sef]201

Roebuck, K., 2011. Near Field Communication (NFB)jgh-impact Strategies - What You Need to Know:

Definitions, Adoptions, Impact, Benefits, Maturityendors. Materal.

Rohde, R., et al, 2011. Berkeley Earth Temperatdreeraging Process. [Online], Available at
http://berkeleyearth.org/pdf/berkeley-earth-avangeprocess.pdf [Accessed 25 October 2011].

Schmidt, A., and BrunnPoulsen, P., December 20@ncBmarking and additional environmentalinformation

the context of Type Il environmental declaratioRmal report.

Siljerud, P.,2008. The Meaning of the Thumbs-up dHd®Besture Around the World. [Online], Available
at:http://www.articlesbase.com/travel-tips-artidles-meaning-of-the-thumbsup-hand-gesture-arouadatbrid-
624721.html[Accessed 02 Sep 2012].

Upham, P., and Bleda, M., 2009. Carbon Labellingblle Perceptions of the Debate. [Online]. Avaitalait:
http://www.sci.manchester.ac.uk/uploads/carbonlatggdublicperceptionsofthedebate.pdf[Accessed 02 p Se
2012].

Wimmer, W., Zust, R., and Lee, K., 2010. Ecodesigplementation- A systematic guidance on integgatin

environmental considerations into product develampm@pringer, the Netherlands.

WRAP (Waste & Resources Action Programme), 200&sGmer attitudes to the use of recycled materials i

electrical and electronic. [Online]. Available atwvw.wrap.org.uk. [Accessed 02 Sep 2012].

Young, W., Hwang. K., McDonald, S., and Oates. ZD10. Sustainable Consumption: Green Consumer

Behaviour when Purchasing Products. Sustainablelbpment Volume 18, Issue 1, pages20-31.



