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Abstract. High-technology SMEs have regularly shown thapacities for creating and developing
innovative services. However, their reduced sizerotonfines them to vertical applications and ténthe
possibilities for broader development. Strategiesiging SMESs into collaborative networks are pdssiiut
sometimes need a strong leader to ensure cregliliilit the other hand, large integrator-operatonmctbe
proficient in all the necessary domains, partidylarhen applications move very fast. They very muekd
the diversity and the dynamics of these SMEs twigdeoservice packages with a common service baakbon
Uniting the different actors is a challenge dispigygood promises from various perspectives inclgdi
sustainability. However it is necessary that tinkdibetween the different partners and their cpmeding
activities be correctly represented in a model ¢oumderstood. This paper proposes a new model for
activities and processes in firms collaboratingetbgr in a network. The clearer understanding of
organization acquired with the model is then usediscuss sustainability issues within the network.

Keywords: collaborative networks, sustainabilitg SOA, SME, model

1. Introduction

1.1. Innovation in Highly Dynamic Markets

The European Commission (EU, 2009) noted that SamallMedium Enterprises (SME) play an importarg rol
in European industry. Small high-technology firmesvé often proved their capacity for creating inrimea
services, especially in the field of Informationrda@ommunication Technologies (ICT). Their smakxible
structures are well-adapted for converting new sdiesio marketable projects and services to be gedlo
rapidly in changing markets. They have core-skiilt make them very competitive in specific arébmvever
they often lack the scale needed to introduce thew technologies and their size can be a handmap
developing complex systems requiring complementamjtidisciplinary know-how. It is not always easy t
penetrate markets. The SMEs have to join theireffimgether in order to overcome these limitatitmeugh
collaboration (Camarinha-Matos et al. 2009).

On the other hand, large operator-integrators aab@ proficient in all the different fields theyould
need to cover in a rapidly changing world. Highktealogy applications can move too fast to adapir the
strategies. They should lean on SMESs as relialilesuractors, providing innovation and researchaible
with the operators’ core activities.

1.2. Backbonefor Services

Often, multiple services covering similar geographi locations draw on identical backbones, or
infrastructures, for ICT, facilities and other pasgs. It seems logical that instead of piling ght®logies to



provide the services, there is more to gain throtinghmutualisation of common infrastructures. Akimne
built for one application can be used for othervieess if it is sufficiently dimensioned. Indeed,yan
infrastructure will have a certain capacity to ftioe correctly and cannot be considered as an itelim
source. In particular, the SMEs need support froniGI backbone facilitating communication of datihin
the network. Local or regional institutions, beythpublic or private, are interested in systems gaentially
reduce material and energy consumption in theiroreg-urthermore, once the service backbone seitup,
would pave the way for other service possibilities.

Complementary SMEs collaborating together have gotential to build and run large, complex,
dynamic systems. According to Simatupang and Sraahé005), supply chain (or network) collaboratcam
be defined as two or more enterprises working togyeto create a competitive advantage and higladitpr
than those that could be achieved alone. Howewértinnthe network, the quality of collaborationimportant
for long term considerations necessary to buildl@ service backbone. Moreover, complexity andlehges
are magnified for processes involving a network oofjanizations with different goals, capabilitiesdan
dependencies. In the end, success will depend eneffective coordination and integration of people,
information and activities (Noori and Lee 2004).

A big operator-integrator is capable of negotiatamgl gaining the confidence of local authorities or
other large companies and can guarantee long tenility. It would provide the driving force necesg to
lead such a network. As the coordinator, it mushage the relations between the firms and the dyssofi
the network. The common backbone must integratelitrersity of the smaller firms to provide novehsee
packages. A good understanding of the customeesabipns and of the corresponding activities iseseary
(Childe, 1998). Individual enterprises cooperaiimghe network will then be able to concentratetlogir core
competencies and this will help increase their cetitipeness (Thoben and Jagdev, 2001). Howeverfaior
and efficient cooperation the network must notibd tlown to the red tape of the operator and th&Skbt
simply relegated to the role of subcontractors.

1.3. Sustainable Means

At the same time, modern societies need to findresensus on the development of the socio-envirotahen
system as a whole (de Graaf et al. 1996). The Blamdi Report (1987) officialised the basis for austble
development. Tomiyama (2001) explained that thet ponass production paradigm sought to decouple
economic growth from material and energy consumptibhe move towards dematerialization has been
amplified with the opportunities opened out by IQHgiskanen et al. 2001) capable of providing nmaimg
systems allowing real-time adaptation of services d#acilitating maintenance. New production models
concentrating on environmental preoccupations saghindustrial ecology (Lowe et al. 1995), eco-desig
(Brezet and van Hemel, 1997) and cleaner produ¢Eogsner, 1998), have been proposed.

In the field of products and services, potentialystainable models emerge, such as the extended
enterprise concept (Childe, 1998), product sersicgems (PSS) (Tukker, 2004), the economy of fanatity
(Bourg and Buclet 2005), and service engineerirak#é8 et al. 2006). Tan et al. (2009) considered 8SS
innovation strategies where instead of focusinghenvalue of selling physical products, the focu®n the
value of the utility of products and services thgloout the product’s life period. Sustainable pradiesign
goes beyond environmental optimization of the potsland services (van Weenen, 1995). Tomiyama {2001
said that PSS were fundamentally sustainable; hernyéaw studies have demonstrated the reality @hibpes
they raised (Kimita et al. 2009).

Lelah et al. (2010) have reported the constructiba common backbone providing PSS in an urban
setting. A collaborative network of SMEs behindagerator-integrator uses ICT to provide qualitysms to
their clients. The environmental impacts of thedture were studied in depth (Lelah et al. 201bwelver, for
the project to be successful and sustainable, derisg the complexity of the organization of thanpdete
services, it is important that relations within tretwork, and towards the customers, first be fidaki



1.4. Contributions

In order to build a competitive network based onEsSMtegrator collaboration delivering PSS, a networ
model that clarifies the relative responsibilitiesles and activities of network partners is neagssThe model
must take into account the service backbone to stigpteractions between collaborators and prowade
common infrastructure capable of generating angauing services in a highly dynamic market.

This article studies the case of a network of cem@ntary SMEs behind a big operator-integrator in a
collaborative network seeking to build a commonkbane for environmental urban public utility seesc It
proposes a model to formalize the framework in r@ise-oriented architecture that can help clardiations
between the partners as they move from individpplieations to a common backbone for services. Mbdel
describes how the different partners fit into thework and exchange services that generate aesivitnd
mobilise physical resources. The model is thenieggb the case of glass waste collection. It dratiesntion
to the fact that sustainability depends on the mimgdion of activities built around physical objg@&nd how
these objects are used individually or collectiwgithin the network. To understand this, the papgrlores the
conditions for the network to function correctlydagnhance sustainable services.

Following this introduction, section 2 describeg tinansformation of the individual services witlan
common service backbone. The case of glass waliéettn is then exposed. Section 3 proposes a hiode
PSS representation in collaborative networks. ttiee 4 the model is applied on the case studytathebility
issues are discussed in section 5. Finally, se@iconcludes the article.

2. A Common Backbonefor Urban Services

2.1. Principles of Transformation to a Collaborative Network

Services provided traditionally by local institutgy as in the case of city councils, hospitalswaneprivate
firms, undergo constant evolution. New possib#it@en out with the introduction of business modalsh as
PSS and innovative technologies like ICT (Heiskameé¢nal. 2001). Dynamic, innovative SMEs propose
supporting services with novel high-technology prid. For example, modern cities are equipped sgtfsors
that measure environmental data like noise or potidevels. The business model proposed is ofténra of
PSS with the sensors remaining the property of SME providing the service (Lelah et al, 2010). Such
applications are vertical when they propose a sereifer within a specific field, for example erammental
data, built around the core skills of the SME thats the entire PSS alone. In a vertical orgamisatihe
provider will run everything from the installaticend operation of the sensor network to processmd) a
presentation of results. The vertical organizaisonot optimal in terms of resources and the backhmuld be
used for other services if it is correctly dimems&d. Examining the case of glass waste collectiterexd by a
municipal council in France, Lelah et al. (2011pgested that the environmental impacts could bacesdt
with a common service backbone. The backbone steics horizontal if it covers a large range offefiént
applications. A good way of moving away from prepary vertical-orientated applications towards open
horizontal systems is to delimit a coherent gedujiagh area, like urban districts, displaying a cliegerest for

a family of services. The services should coveolzecent field of activities, such as public utilggrvices like
waste collection, gas and water metering, noisepafdtion measurements.

Actor Acronym Role
Population P Final users (city citizens, patients, ...)
Original Service Provider OSsP Local town council, hospital, ...
Operator-Integrator O-l Large firm: multiple service operator and integrato
SME SME SME providing the novel service
Service Provider SME providing the optimization service in the cataly
Urban Platform Host SME(s) housing the common service platform in theecstudy
Telecom Operator O-l in the case study




Gateway Operator SME providing gateways in the case study
M2M linker SME providing local communications in the case gtud
Sensor Operator SME running the sensor network in the case study

Table 1. Principal Actors Involved in the PSS ©ffe
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Figure 1: Transformation from vertical servicesitmulti-service backbone.

The transformation from vertical services providgdSMEs to a horizontal backbone for services is
illustrated in Figure 1 and Table 1 lists the pipat actors concerned. “OSP” is an Original Senkeevider
providing a family of vertical services to a Popida “P” (Figure 1(a)). The couple, OSP-P, can begional
council providing services to citizens; a hosptedviding health services to patients, etc. As teshnologies
develop, the nature of the services change andskiis necessary to run them evolve. OSP can tarn t
specialized high-skilled SMEs (Figure 1(b)) foritHenow-how to support existing services and introel new
ones. High-tech applications will be advantageopsbposed in the form of PSS in order to insurdgasional
standards as well as the capability of adaptinge¢bnological changes. As complexity increasesntimaber
of different SMEs can rapidly become significantd &SP has to deal with many different enterpri8esetter
solution is that the SMEs form a collaborative ratwpiloted by a firm named the Operator-IntegratQr-I”
(Figure 1(c)). Childe (1998) explained that a compawith many suppliers and many parts to be brough
together, begins to look like a set of cooperapagners. Organizational problems are now transfeto the
network and OSP will deal directly with O-1 insteatlwith multiple SMEs. When SMEs enter the group o
leave it, this will be transparent for OSP and @il insure the continuity and the coherence of gheup. It is
clear that in view of its responsibilities, O-1 s be a large, well established firm capable dhigg the
confidence of OSP and P. However, even though #pereence of O-l legitimates it's becoming the
representative of the network, the organisation lmacome quite complicated and it becomes impottiant
distinguish and clarify the different relations\ween the actors.

2.2. Presentation of a Case Study on Glass Waste Collection

2.2.1. The SensCity Project

An example of a collaborative network is the Fremmbject SensCity (Lelah et al. 2010), proposing a
backbone for services in urban districts. Senshiiygs together SMEs with a telecom operator (jherator-
integrator) and supports the backbone while progdiifferent services such as optimization of wagéss
collection or noise and pollution level measurem@ime project was initiated to develop an environtaly
friendly urban ICT backbone comprising of the senmetwork and associated services. SensCity uses
Machine-to-Machine (M2M) technologies to set upeke¢om network. M2M means that machines exchange
data with other machines and make decisions withootan intervention. Basically sensors gather médion

from the urban environment and dispatch it to nmyeverful machines forming an urban M2M platform and



service platforms capable of aggregating the dadigpaoviding services. In SensCity the M2M netwodvers
the city supporting classical urban public utilggrvices and enhances new services. SensCity loggther
SMEs that formally provided vertical services iatgollaborative network led by the telecom operdtoorder
to illustrate this type of transformation, the papél present the case of glass waste collectioBensCity.

2.2.2. The Waste Glass Collection Service
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Figure 2: An M2M-enhanced waste glass collectionise.

Many cities, today, provide bottle-banks for resideto dispose waste glass. Waste glass, or cslldiscarded
in bins and collected by pick-up trucks regulaily.the basic service scenario the trucks visit ebahk
systematically. The driver checks the level of¢hbet in each bin and decides if it is necessargrhpty it. He
then drives on to the next bank. Starting from thasic scenario, collection can be optimized if dneers
already know which bins must be emptied. This issfidle using sensors in an M2M network (Lelah et al
2011). The principles of the M2M enhanced wastegytllection is illustrated in figure 2. In thetth®-banks,
the bins are equipped with ultrasound sensorstleasure the level of the cullet. Communication nhesllink
them to telecom gateways placed close by. Theeebtitle-bank park is covered in this way and tatad
collected is relayed through the telecom networkato M2M service platform. The information is then
aggregated and used to optimize the planning ofdhieds of the collect trucks. The results of th&rization
are sent to the waste collection company.



2.2.3. SensCity Service Backbone

Urban Collect and Command Platform

Data Collect Mediation,
and Control Brokerage
Telecom Telecom
Network Network
ervice

Servi

Platform "
Telecom
Network

City Council,

Service Providers

Figure 3: M2M services with a common service bacibo

Waste glass collection can be integrated withieraise backbone using M2M techniques (Lelah e2@1,0).
The overall architecture of the system is illugtdain figure 3. In the figure, data is collectedtba left and the
sensors are positioned in the city in order to nseetice requirements. Different sensors and sempiatforms
providing multiple services are shown. Basicallg Hystem is the same as before, but this timeydstnding
information for each application to the servicetfiolams, a distinct urban collect and command platféreats
the data, dealing with confidentiality, brokeragel ather questions. Services are then deployedh@might.
Different service provider platforms can be conadcto the urban collect and command platform thinoug
internet and will pilot the different service offerin this way the information is made availableldoal
administrations and residents.

3. A New Mode for PSS Representation in Collabor ative Networks

The M2M backbone is too complex for a single emnisep to run alone. Multiple enterprises with
complementary core competencies capable of progasitarge diversity of innovative applications hdge
work together to build and run it. The collaboratinetwork is a good solution but a model to repretiee
system is necessary to integrate the links betweemifferent service offers and the correspondiciiyvities.
Starting with a literature review, this sectionlwitopose a model to represent PSSs across a adtale
network.

3.1. Literature Analysis

A meta-level management process would help colktha systems (networks) manage architecture, bssin
processes and value propositions and create amairse®@mpetitive advantages (Bititci et al. 200Bhrter
(1998) established activity-based theories of m,fiproviding foundations for thinking about stratesrross
multiple businesses. Within the value chain idédifby Porter, primary business processes deal thith
creation of the product, marketing and deliveryle/supporting business processes facilitate theldpment,
deployment and maintenance of resources. The pofm@anagerial processes is that they focus oniaesv



while placing emphasis on how the activities atergonnected and how work flows through the adgisito
produce efficient and effective results (Bititciatt 2011).

Processes in collaborative networks obviously concal the different actors but although the
importance of relationships is widely acknowledgiahvless coordination within the supply chain ificult
to achieve in practice and it is necessary to dbigsiness processes (Trkman, 2010). Detailed madelssed
to visualise control and coordination of businessesses and the sequence and interaction amantiysties
in highly dynamic, demand-driven supply chains @mw et al. 2010). The context of B2B (business to
business) relations within collaborative supply inkacan be characterised by five dimensions: chmat
structure; information technologies; lifecycle; apdternal context and appreciated performance gffrou
perceived satisfaction and perceived effectivefi@sesrouiche et al. 2010).

Moving to the frontier between products and sewjicBakao et al. (2006) introduced service
engineering. They underlined the need to articulpteduct and service approaches simultaneously.
Appropriate ontology would help develop differetdih economic offers by improving flexibility and
responsiveness of product and service developrfemigon et al. 2009). In order to facilitate seridesign,
Shostack (1982) proposed the service blueprintluggrint is defined as a picture or map that adelya
portrays the service system so that different geoplolved in its development could understand daal with
it objectively regardless of their roles or theidividual points of view (Zeithaml and Bitner, 1986

Shimomura et al. (2009) extended the notion of fiiueing to the case of PSS integrating both the
product and the service to enhance simultaneougrdds order to represent both products and sesvior
design purposes, Maussang et al. (2009) descriB&ld2 a set of service units and physical objedide
Tomiyama (2001) said that artefacts were usuallyiee® channels or service contents. These repratsems
are very efficient for modelling complex PSS. Hoegvin the case of collaborative networks, thetinada
positions of the different partners-actors are alotays easy to apprehend, making it difficult teritify and
negotiate particular requirements for each acterviSe supply logics need organisational differaiidn in
order to function efficiently and optimize resowsce

In conclusion, a model for a collaborative netwark actors providing PSS should display the

following qualities:

* Respect and illustrate the business processes/agtiol

» Facilitate the understanding of service activided physical products.

« |dentify the actors engaged at each stage of ti& PS

 Allow for different levels of granularity.

* Point out the relations between the actors anderwasthis information in all the different level$ o

representation.

3.2. TheProposed Model

In order to clarify the complex organization of tbellaborative PSS network and the roles of théediht
actors, this paper argues that the network canidxeed as imbrications of successive B2B PSS offEng.
proposed representation is inspired by the previoodels described above. It places greater acaerthe
relations between partners rather than the deihilse service activities and the physical suppdttecludes,
wherever possible, standard notations of businesmseps modelling such as recommended by AdoRigure
4 illustrates the proposition to represent collative PSS networks.

! Adonis is a modelling software based on Busingssdss Modelling Language (BPML), edited by the BOC
group located in Vienna (Austria)
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Figure 4: Representation of a collaborative PS %ot

Basically, in Figure 4(a), two horizontal lines aegie three views of a PSS. Above the top line of
visibility, the proposed PSS offer to customersegresented. Service contents and channels anegdished
at two different levels and in Figure 4(b) the aglris represented as a tube. Below this first lihe Product-
Service Line expresses the need for service arthiad activities to fulfil the PSS. The organimpatiof the
offer is structured into Service Units and relatulysical Objects. Operational processes are orgaras
business processes, represented in the Adonis niydelrrow boxes. Different activities, representad
squares, are related to the business processesemhiee units rely on physical objects to operate physical
objects are physically represented in the physigpport and require technical services to function.

This basic model is put into action in Figure 4@imilar to previous business process models (Agjoni
BPMN?) vertical swimlanes identify different firms anther institutions. An arrow is used to represenak
for new PSS, going from the client or partner resting the PSS to the offer. The PSS offer illussahe
business service as desired by the client or parfitee receiver requires a service and turns toptiogider
who supplies the service. The PSS offer must gatisf needs of the receiver. In the case represémteigure
4(b), OSP provides a PSS to P and calls on SMEISMiE2 for their help. SME1 provides a service clgnn
and SME2 provides the contents. SME1 could be ethittom the diagram if it did not provide a partau
value or play a particular role in the chain. Atigtively, the service channel can be representedpdsysical
object, below the product-service line, owned bg #ttor asking for the service. For instance actahe
company can be fully represented in a swimlanesimply be included as a physical object represgnéin
communication terminal (not shown in the figure),omitted, depending on the importance of this iserin
the case studied.

Note that the example illustrated above has beaapliied for high-level representation. It is pddsi
to go deeper and detail the activities in the serwinits and physical objects as in the extendeepbints of
Shimomura et al. (2009). However care must be tad@ro lose the links between the firms impliedewh
moving further down to in-depth analysis.

4. Application of the Model to the Case of Waste Glass Collection

Although the transformation from the basic gladéection into a common service backbone in the cidbe
SensCity project shows potential benefits for theienment (Lelah et al, 2011), the collaboratiework is

2 BPMN are specifications for modelling softwarethg Object Management Group, Inc. (OMG)



more demanding and complicates the organisatigheotlifferent service offers. The proposed modal foalp
understand the process and facilitate the orgaaizat the network in order to reap the benefits.

4.1. Basic Waste Glass Collection

Waste Collection Service
City (OSsP)

Reségfms —>| Collection of Waste Glass |

Manage the Manage the
Bottle Banks Rounds
r4 v v

Position the Supervise Organise the
Bottle-banks the Park Rounds

_——— e = ———— ‘é ___&__-

Clean, Repair Run the Reserve the
the Banks Rounds Resources

v " ¥V a Y

|Bott|e—Banks| |Co||ectTrucks| | Records |

Figure 5: Urban waste glass collection service.

Traditionally, public authorities provide the wastlection services. Some of the more importativéies of

the service are represented in Figure 5. It camotieed that this basic service is straightforwfaodn OSP to P
so the figure does not need to distinguish betwdwmnels and contents. P represents the city rasided
OSP is the waste collection service run by thellooancil. The two major business processes instheice
are illustrated: managing the bottle banks and giagathe rounds. The direction of the arrow-shapexes
shows successive stages of the overall businesegg@rovided by the waste collection service aditates
that managing the park requires that the roundsidreaged. Managing the bottle banks includes supegyi
repairing and cleaning the bottle banks. In thengda, supervising is considered as a service agtiwihile

repairing and cleaning the banks is a technicaviacperformed by the technical staffs that gotite banks.
Another activity consists of positioning the botbiegnks for logistic purposes. Managing the rourdgiires the
organization of the collect rounds. Resources @t reserved and noted in the records. The romnuss be
run and the trucks mobilized.



4.2. A Vertical PSS Offer for Glass Waste Collection

Waste Collection Service SME
Collection of Waste L
P
| g S p Optimize the Rounds

— —| ————— 1— —-—— e e o e e e e e o o o e e e e e e e e - o
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I I I I Z
Bottle- | | Collect Service Sensor _
Banks | | Trucks Platform Network <4—Bins
|Te|ecom Network | Telecom Network

Figure 6: SME service-provider for glass wasteemtibn.

Service

An SME can provide supporting PSS to the OSP. Eigudepicts the vertical PSS initially proposedthy
SME alone. The service and technical activitiesvadl as the physical objects in the diagram havenbe
simplified. The arrows calling on them have beeplaeed by simple lines. The figure shows how theESKI
solicited by the waste collection service provitigdhe local authorities in order to satisfy thed of the city
residents. Communication between the SME and tlstewaollection service is made through internevioled

by a telecom operator. However the operator previdiandard telecom services and has no conneciiibbrthe
PSS offer. It is chosen to represent the telecowwark as a simple resource. The SME optimizes thetav
collection rounds. This requires daily information the glass-levels that must be monitored by thiE.S
Technically it is necessary to operate the devécekinsure data transfers. The SME operates therieaind
controls the Quality of Service (Q0S). This medmat tmeasurements and communication within the senso
network function and that data is correctly transfé to the GSM network (Global System for Maobile
Communication). It can be noticed that once the @aters the GSM network; the SME loses control teasd
to rely on the telecom operator for delivery.

Additionally, a service platform, with a serverdasupporting activities (not detailed in Figure 6),
optimizes the collection rounds and conserves ddte.SME uses classical telecom services to lieksénsor
network with the service platform and monitor thasg level in the bottle-banks. As before therenas
particular interest in showing the operator thatvfites standard telecom services, it is suffictentepresent
the network as a resource used by the SME. Oubénfield, the SME manages the sensor network and
gateways to ensure operation.

4.3. Glass Collection with a Common Service Backbone

A different structure is proposed by the collabeenetwork in the SensCity project. The organaatof the
services with a shared backbone is much more complew problems appear concerning proprietary ssue
and confidentiality. Also, the introduction of ndéinms and skills into the network opens new podisiés, like

full end-to-end QoS coverage. This means that mésvmediary services emerge in the network model.

In the SensCity consortium, different SMEs measun@ collect data in the urban perimeter covered by
the backbone. A broader variety of applications @aposed to the local authorities. Some of the SMiR
their own applications while others collect andvide raw data to SMEs specialized in services. ofhers
deal with the local M2M wireless communication,luding the protocols and insuring the evolutionluése
technologies in open state-of-the-art standardeci@lized SMEs provide gateway coverage. Other SMEs
implied in the running of an urban service platforbhe platform collects and controls data comiragrfrthe



sensor network; stocks and manages the data; s\buskerage; deals with legal questions concerpingcy
and finally sends information to the end-userstbepservers. The organization is complex and thpgsed
model depicted in Figure 7 helps clarify the relas between the different partners.
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Figure 7: Case study: M2M-enhanced PSS network.

Figure 7 shows how the collaborative network warkghe case of glass waste collection. The diagram
starts on the top left with the waste collectiompany calling on the M2M PSS to help optimize tbiection
rounds. The SME providing the initial vertical sees described in 4.2 is the service provider. In@av a
member of the collaborative network. In order tdirofze the rounds, the service provider has to inhiae
glass levels from the sensors. To get this infoionait calls on the urban collect and control matfh. It uses
telecom services for this. Actually, many differéBMEs participate in the platform, but to simplifiye
diagram, they are represented by one SME. Theoptatbrganises the management and safeguard of data
coming from the sensors. It also handles legaltopresconcerning access to information, security @ivacy.

It collects the data from the gateway operator thia telecom network. Telecommunications influerioe t
correct functioning of the network because GSMsasdubetween the gateway and the platform. GSMtis no
always stable and QoS is important here. The ga®aigo participate in managing the sensors. Irditiom is
provided by the urban platform and the gatewaysmigg local collection of the glass levels. Thecgatys
exchange data with the sensors through a wirele¥d Mk, run by another SME. At this level QoS isured

by the M2M linker in coordination with the telecaperator. Finally the sensors measure the glassslev



It should be noted that some of the actors of tl@ncare more product-oriented, although theyastle
ensure the technical, legal and other evolutionshefr products. Of course the real processes ae m
complicated and only the most critical activitiewlgprocesses have been represented here in atl oiesa

4.4. Multi-service Applications

It is now possible to apply the model to a multiviee case in the SensCity project. Three publittyt
services are proposed. The waste collection sedetaled above; a service for monitoring pollutaord noise

at chosen locations in the city; and finally a supservice for water works providing daily infortizan on
water consumption and possible leakage in the pipegire 8 shows how the model illustrates the .case
Functional representation is kept to the top-lemebrder to get a better overview and understandiihthe
common backbone.
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Figure 8: Top-level representation of multi-sergiedth a shared backbone.

45, Discussion

A business model for collaborative networks propgd?SSs has been developed. SMEs join togethendehi
an operator-integrator to deliver different sergisbaring a common backbone. The model is usedsttrite a
basic service provided by a regional public enteep(Figure 5) just as well as multi-services pded by a
collaborative network (Figure 8).

The model displays some important strong pointg fajor advantage is the constant reference that is
made to the firm providing each activity or physicapport. It details the activities in the offehile
conserving the information of the actors involvedthis way it helps establish the roles and resphilities,
facilitating design, operation as well as strateg@nagement of the PSS network. When an SME |eiérees
network it is easy to identify the changes thateh&y be made and the missing activities that havbet
replaced. At the same time it will facilitate thetry of new SMEs. Also, by defining precisely the
responsibility of each actor in the provision ok thverall service it facilitates smoother operatainthe
network. Trouble-shooting becomes simpler and tteraoncerned is easily identified. Lastly, clgseximity
with other standard models ensures that the newehaoahserves the possibilities offered by theseeatsd



The model however does not take into account al gstakeholders. Stakeholders, like the local
community, having interests that do not directip@arn the provision of the PSS are not represefitssfinal
user has a restricted role that needs more focubinglly, as with other flow-models, the complgxdf the
case can induce very complicated diagrams.

5. The Collaborative Network of SMEs and Sustainability

Vertical services are relatively easy to build bahnot be considered as optimal in terms of ressunt an

environmental perspective. The project SensCitksée build a collaborative network of SMEs behid
telecom operator to improve the environmental ifficy of the system (Lelah et al. 2011). Its geadlso to
construct a sustainable M2M backbone capable gistipg a variety of services using data colledtedugh

a city-wide sensor network (Lelah et al. 2010). &pdsustainability often is confounded with envira@ntally

friendly, and this point must first be clarifiedfoee examining some of the conditions for the nekwo be

sustainable.

5.1. Reference Modelsfor Sustainability

In the field of urban planning, Campbell (1996) siolered sustainability as a dynamic issue that ldhbe
viewed across the three priorities and three resultonflicts shown in Figure 9. Economic value mbs
distributed fairly while not degrading the ecosyst@ the process. Economic growth can only be aatégp if

it means significant reductions of input resouraped if it be principally directed to activities danding less
energy and fewer resources. Fair distribution betwgenerations has to be fair to poorer countries a
amongst social groups within a country. Speciad caust be taken with the ecosystem as decisioes tak a
local scale can affect ecosystems in other regidhs. respect of future generations also implies &gy
development has to, at the least, respect a fdenba between economical, social and societal and
environmental benefits under these conditions.

Social and
Economic
Justice

Property
Conflict

Development
Conflict

Sustainability
?

Overall
Economic
Efficiency

Environmental
Protection

Resource
Conflict

Figure 9: Sustainable Urban Development: GreerfjtBbte and Fair (Campbell, 1996).

There are few recognized frameworks or referencesssess sustainability. Existing recognized tools
can be very powerful but are often restricted te aspect of sustainability. This is the case oflabi Life
Cycle approaches that are either environmentat@namical or social. Environmental issues are ctansid in
Life Cycle Assessment, LCA (EU, 2006). Life Cyclediing, LCC (Norris, 2001), treats questions conicey
cost. Social LCA, S-LCA (Benoit et &010), has recently been proposed to study sosecs.

Maxwell and van der Vorst (2003) proposed a mefloodustainable product service development. In
their model, normal economical criteria are intégglawith environmental, social and functional cide The



supply chain aspect of product manufacture is alsorporated. The focus shift from the individuaht
towards the product supply chain is expected td tea paradigm shift in sustainability approacimesroduct
manufacture. Chee Tahir and Darton (2010) descrbegthod for assessing the degree of sustaiyabflia
business operation, in terms of indicators relatethe sustainability impacts of its particularigties. They
proposed five steps to define the indicators andriose for use: overview of business; definition of
sustainability; system boundary; sustainabilitynfeavork; verification and modification. The initiblisiness
overview included an inventory of the major proesssogether with the associated process inputeatpdits,
and stakeholder interests or concerns.

Considering that no widely accepted method takimg account all the aspects of sustainability is
available today, the next section will overviewtpadar important issues observed in the case study

5.2. Sustainability I ssuesin the Collaborative Network

For collaborative networks, the question of susthility is of important concern. This is especidhye
in the case of SensCity providing urban publicitytservices. For local-councils and other actaalishg with
urban development, the issue is central. A prelmiranalysis of sustainability within the SensQigtwork is
presented heré&overnance of the organization starts by identifying the stakeholders concernethb products
and services. Next, aspects of the three pillarsusitainability are consideredocial; economical; and
environmental. The model was built to facilitate dynamic adaptatof business offers within the service
backbone. It describes the PSS proposed to lotlabrties and residents in urban settings. Theedfasiness
offers, regional advantages and theusers are finally included to complete this review of tilsability.

5.2.1. Governance of the Organization

The model does not identify all the stakeholdersceoned by the project, but the major actors inedlin the
network. The project SensCity proposes deploymeaniurban setting. Services will include wastéectibn,
gas and water monitoring and pollution measurenmEm. OSPs concerned by each of the services aaé loc
authorities or semi-private firms, whereas the tovauincil, representing the local population, reradimne
major interlocutor for the project. The model pars a clearer picture of the relative positionsiatetactions
between the actors that can help to establish&fti@and constant dialog amongst stakeholders.

5.2.2. Social Responsibility

By clarifying the activities of each partner thedrbprovides an image of the responsibilities &f different
actors. These are no longer individual firms withestricted view of the impacts of their activiti@hey are
now part of a common venture with responsibilitibst open their vision and perspectives. Whether
considering technical exigencies or environmentaicerns, the project develops shared values cangern
responsibility. In SensCity this desire had beepressed right from the beginning of the projecttbg
participants. As for social responsibility, the labbrative network offers new opportunities. Quotedthe
CAC 40, the O-l is obliged by French law to produce anuah report on corporate social responsibility. The
other SMEs are too small to expect from them thmestevel of communication. Close collaboration is a
chance to share experiences and stimulate progreélss area for all the partners of the networlerefor the
SMEs.

5.2.3. Economic Strengths and Weaknesses

When entering the M2M consortium the SME concedetspof its activities to other specialized firnsstead

of having to deal with everything it can concergrah the real added value of its core skills. Faneple, local
wireless communication is treated by an SME spieedlin this question. The most recent advances are
automatically available for the other partners twe.uEach SME continuously updates to national and
international standards and normalizations thesstsuring economical competitiveness of the comnatioic

3 The CAC 40 is a benchmark of the French stock stdridex.



modules and protocols. The advantages to be gaire@vident, but the system has limits that mustbeo
ignored. Dependency on SMEs is not without risk #argdieted, shared protocols or technologies, ssch a
communication protocols or other technical speaifans, may fail to meet expectations. Another pisrthat

the large firm leading the network can be longaking decisions and tend to ignore the imperatiofethe
smaller partners. There is a large gap betweernxperienental project and a serious business offer tae
smaller SMEs must take care to continue to devtiejy own markets outside the project so as netnib up
trapped by O-I hesitations.

5.2.4. Environmental Benefits

Pressed by the European Commission, governmentpuiat opinion, new products and services devealope
today must integrate environmental concerns (e.EW, ErP). As a major firm, O-1 cannot ignore the
environmental impacts of its services. It must oespto society’s expectations in order to mainten
reputation. A glance at Figure 8 suggests thamtbtualised network shows potentials for reducingemal
needs of the backbone if it is correctly dimensibn#ithin the network, O-I pushes the SMEs to renvtbeir
products and services in a move towards eco-deBighe SensCity Project, SMEs are very receptvthis,
and some had already taken steps internally indinéxtion before the start of the project. Mutstinulation
enhances this trend, especially from the more enmientally conscientious partners. Each partnerpecafit
from the experience of others. It is nonethelelssge step to take with new skills to learn. Durihg SensCity
project, exchanges with O-1 and the university pens are precious.

5.2.5. Sustainable Business Offers

From O-I's point of view, just one firm cannot déye all the applications necessary to invest newketa like
M2M. O-I obviously cannot pretend that it will déep all the solutions internally and update thegutarly. It
cannot reasonably cover widely different fieldslike optimization of waste glass collection, thavjsion of
pollution and noise charts, monitoring water, amdu#taneously be competitive in the variety of adpe
dealing with communication and service platformsl Recomes more and more dependent on its supply
chains. It needs some insurance that its supptieet certain standards and must have a view ofefutands
in the different fields. On the other hand, thecass of the network of SMEs will allow O-l to creahe
conditions for a solid infrastructure capable gfiddy adapting to changing markets and needs.timmemany
SMEs are capable of rapidly integrating new toeknethough their small size does not allow themeoetrate
deeply into the market alone. They too, have adagain in credibility if the project succeeds.tialy, the
network must be large enough to cover the vastggraf services useful to the community. As thejgco
grows it must be capable of national or even irstttomal development. The number and types of pertmelst
not be rigid and easily adapt to changing situatidine model described above will facilitate thenenf new
partners.

5.2.6. Regional Advantages

Instead of continuously piling up new vertical sees, each with its own backbone, a shared backbone
supporting multiple services could improve enviremal performances of cities. When O-1 makes aerdt

a city or region it means that a complete netwahk be adapted. This could be an important assethéor
region. When properly run, and if the choice of sleevices are made by the local authorities andiiotated
solely by uncontrolled commercial offers, the bamid could support new local services providing new
opportunities for jobs contributing to the wealthtbe whole community. Finally the service rendeted
residents would be both better and more environatigrefficient.

* EU legislation restricting the use of hazardousssarices in electrical and electronic equipment g@ive
2002/95/EC) and promoting the collection and reiagcbf such equipment (Directive 2002/96/EC) hasrbia force since
February 2003.

® EU legislation establishing a framework for thetisgt of eco-design requirements for energy-relgtestiucts
(Directive 2009/125/EC) has been in force sinceo®et 2009



5.2.7. User Satisfaction

User needs and satisfaction are very important.ivbafahe information collected is private and tmsst be
secured. O-1 must establish transparency with deatracts and the liabilities of the different@stmust be
properly defined. The network must provide freezessible, installation without discrimination ofyaform.

Good QoS has to be guaranteed. Safety aspectsfaripotentially hot spots like the level of electiagnetic
waves must be treated right from the start by pliag accurate and easily available information ltatree

residents concerned, directly or indirectly. Acediyility and appropriateness to user needs are fmedtal,
together with adequate training and informationttom services provided and their consequences. @yeia,
this calls for establishing a clear picture of ttedations between all the network actors, serviaed

equipments used.

5.3. Conclusion on sustainability issues

The new model has the potential to clarify the oiggtion of the network and especially the roled #me
place of each actor. This knowledge is a key fafatoltitating the identification of related sustability issues
and promoting awareness and responsibility amastgkeholders. This paper argues that better reptedsm
can favour collaboration and mutual comprehensloough shared experiences in all the three fielids o
sustainability. Additionally, this view will helpralerstand the necessity of sustainable businesssafbping
with dynamically changing situations and that predmportant regional benefits to its customers.

6. Conclusion

The transformation of single, distinct, verticahsees into a complex network providing servicdsaring a
common backbone has been described. The articimges an extension of existing models for prodants
services to the context of collaborative PSS netsiofhe model describes the service units and palysi
objects necessary to run the services. It conserwasw on the organization of the network andrélations
between the partners. This is very useful for tesigh of the complete system and this representato be
exploited to understand the mechanisms of sustiiiyaln a more global perspective. As an illusioat, the
model was applied to the case of glass waste tioliec a move from the basic service to a morenagit
frame in a network of urban public utility serviceBhe different stages of the transformation haeerb
described with the model. It draws attention to thet that sustainability depends on the orgaropatf
activities built around physical objects and howsih objects are used individually or collectivelghim the
network. These issues have also been studied ihgieof experience gathered from the SensCityjgato
Different points have been evoked covering theitiathl pillars of sustainability as well as thet@s and
business offers represented in the project modélkes& are: governance of the organization; social
responsibility; economical strengths and weakneseasironmental benefits; sustainable businessrgffe
regional advantages and user satisfaction. Futevelopment of the model should integrate a morailget
description and role of the user and his activitieeng value creation. Co-creation of value iseg factor for
PSS and it is important to provide a basis for enply possibilities across the supply chain network
Additionally, a more systematic, comprehensive métfor assessing sustainability issues should keldged

in order to fully utilise the potential of the piaged PSS.
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