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Abstract— Tensions between economy and environmental
issues due to hyper and mass production leads toflection about
a new model of innovation. To shift from intensiverinovation to
sustainable innovation, we propose an approach whicinvolves
the design of a sustainable product’s diffusion sysm. Our
hypothesis is that both the product and the busines model
should be redesigned in tandem, combining eco-desigand
functional economy from an interactionist point of view. We
argue that the business model should be based onnatwork
model, instead of linear chain. The research focusem evolving
products systems or upgradable products, includingservices
offered iteratively throughout a product's multiple life cycles.
Field studies will be conducted to verify the viabity of the
project among consumers and manufacturers.

Index Terms—Innovation, Eco-Design, Functional Economy,
Business Model, Value chain, Interaction, NetworkUpgrade.
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product-centered innovation and adapting servicgered
innovation. Indeed, even if the actual system plesi
economic benefits for the companies, the coordinati
involved in managing such a large collection obregses can
weaken the viability of a product-centered solutfomm an
environmental point of view. Our research questtoaimple:
Which innovation model could integrate economic and
environmental dimensions to enable the diffusion of
sustainable products? In other words, how can weenfimm
permanent innovations to sustainable innovatiorsaiswer
this question, we based our research on eco-desigh
functional economy principles and we propose cotscepd
approaches to design sustainable innovation. Théectye is
to consider not only the emergence of new produoatked
“evolutionary” or “upgradable” but also the emergerof new
business models. Business model are defined as
company’s remuneration method [4], [5]. According t
Chesbrough and Rosenbloom, Business mastatlls out how
a company makes money by specifying where it isiqrosd
in the value chaifj5]. Our hypothesis is that services based

the

Economic dynamic is currently anchored in permanenbn upgradable products offers will combine envirenial

innovation logic, characterized by frequent reptaeat and
purchase of products. Innovation is defined lilge“process of
creating new ideas and their transformation in nealue for
the company [1]. Permanent innovation underlinethe
phenomena of continuity and stability of the applod2].
Intensive innovation refers to Armand Hatchuel'Sirdgon
[3]. This logic of permanent innovation maintainshgper-
consumption and a mass-production model.
environmental consequences are huge, as theretlis &y
increase of waste and a rarefaction of the natesalurces and
raw materials.

There is therefore a potential tension betweenettenomic
and environmental dimensions of this industriatemsive
innovation model. Moving forward requires leavinghind

improvements (due to a specific ecodesign methma§iness
profitability (due to an innovative and profitaldempensation
system) and customers’ satisfaction (due to a Bpeszmcio-
technique approach).

To support these hypotheses, field studies will be
conducted to establish the feasibility of the diftn of such

Thaipgradable systems close to consumers and indsshrian

Business to Business and Business to Consumer®taark



Il. ECO-DESIGN AND FUNCTIONAL ECONOMY ARTICULATION A review of eco-design applications shows that
A. Eco-design, a solution of sustainable design innovations are mainly_ anchored on the produqts by
themselves [9]. Influencing a product's use phasmains
unaddressed as consumers’ behaviors and needstaiakan
into account enough during eco-design. As N. Boughand
B. Yannou suggested, our society appears to begaig
from a product-centered economy to a service-cedter
economy [10]. Consumers’ needs are more oriented on
services associated to the product than on the dised.
Nowadays, eco-design has seen only a limited iatedr
within the dimension of service consumption.

Eco-design does not provide a solution to intensive
innovation. In some case, eco-design can be cohwiém a
hyper-consumption and a mass-production model. For
example, a product can be eco-designed, with more
environmental-friendly component and material, butthe
same time designed to meet the planned obsolesceodel.
That is why eco-design cannot be used alone asutiospto
solve the problem of intensive innovation.

Pollution, fossil energies and other environmergalies
are at the center of an ever-increasing number elifatbs
concerning the future of our planet's limited reses and our
economic systems [6]. To address these environmisstzes,
numerous actors agree to say that the industrialdwoust
make proposals and put on the market new produuts a
services that allow for clean use, less pollutiomomnf
manufacturing and a less-wasted-energy distributiodeed,
because of its role and responsibility to societgiustry must
reduce its environmental impact related to its vatgti by
evolving toward a more responsible and sustainabtivity.
In this context eco-design is an approach in theflicd
against natural resources rarefaction.

Jeswiet and Hausschield define eco-design «&esign
and manufacture of products, with the goal of prttey the
environment and conserving resources, while enaginga
economic progress, keeping in mind the need for
sustainability, and at the same time optimizingpgheduct life
cycle and minimizing pollution and waste[.7
This environmental dimension in eco-design is iraéed
directly within the product life cycle. Six mainegis (the
extraction of raw materials, the production, thetrithution,
the use and the end of life of the product) haventefined in
ISO 14 062 standard as the product lifecycle phasesur
model, we decided to separate the second phasgyqtian,
into two separated phases, which are design an
manufacturing. We consider that these two stepsildhbe
examined separately in the life cycle as their goate
different and important to considdfigure 1).

To introduce more sustainable products with loniifer
cycles and associated services on the market esgthimking
and defining new remuneration models for companibikh
are currently focused on the produced quantityhefgroduct
and thus encourage frequent purchases. The amfiigt new
economic models that allow companies to make benefi
more sustainable products. These new sustainaldmdss
models could be a substitute to the obsolescenckelmdhich
ig currently used.

B. Functional economy, toward a sustainable economy
Though eco-design has its limitations, functioredremy

offers promising lines of thought to complement kor

S Extraction of raw example, one way for companies to introduce newness

_ ) materials models or business models adapted to productsanitimger
Landﬁll\A!y' \ lifecycles would be to sell the products with thesaciated
_ services, or exclusively to sell services. Thahes purpose of

Design functional economy.
‘ '?E‘u
fem:e' rsf"""'b' . . ” “ - ”
Mot e The words “functional economy” or “service economy
I . . g o
e has been first used by Walter Stahel and d'Oriori@idan

1986. [11] According to Walter StahelThe economic
objective of the functional economy is to build thighest
possible use value for the longest possible timdlewh
consuming as few material resources and energyoasilple.
This functional economy is therefore considerablpran
sustainable, or dematerialized, than the presentnemy,
which is focused on production and related mateflavs as
its principal means to create wealthlh this way, the added
Environmental concerns are generated from all dlser value would be separated from the material consiompi2].
product life cycle “from cradle to grave”, that feom the
extraction of raw materials to the product's endifef The Functional economy consists of the replacement®fale
goal of environmental impact management is to reducof the product by the sale of either its usesfutetional units
guantitatively and/or qualitatively a product’'s @ommental or its service. The value of the offer depends lun gervice
impact while still preserving its qualities and rinsic  given and its access rather than its ownershipreThe a
performance [8]. service-oriented move when compared to intensive
innovation.  This implies deep changes in the

Use
U \ Distribution

Reuse

Fig. 1. Product life cycle [6].



producers/consumers’ relationship. It is turned¢ammercial
transactions on the use of capital assets andmthieosale of
the property itself, which could have positive effein terms
of economic, social and environmental impacts. éoje
functional economy suggests the creation of valuéh w
consumers’ satisfaction as main objective. It alsplies
changes in the business strategy, moving from subacting
to network cooperatiori-{gure 2.

Functional econonr

Qutcomes (services, use
value)

Outputs (products)

Monetized access [ access
to services

Transfer of ownership /
product acquisition

Subcontracting Network cooperation

Fig. 2. Functional economy in opposition of interesinnovation.

This value creation meets consumers’ needs andsltioe
companies to improve their competitiveness. Thectional
economic system also suggests an economic sysiesmased
from the product,
improvement by increasing for example the produdes and
thus limiting the planned obsolescence. Howevers th
assumption is questionable. Indeed, it remainshtmwvsthat
this system does not cause adverse effects inniieoament.
(13], [11], [14], [10], [15]

Nevertheless, the functional economy as it is diesdris
limited. First of all, it requires a fundamentalacige in the
company’s culture. It is necessary to deploy casible time
and effort to implement such a model,
companies to be skeptical about this approach. mbigel can
also lead to frequent renewal or return of produets the
duration of use is limited in time and the produotsst remain
active if the customer chooses not to purchaseitbduct at
the end of the contract. Also, if the product isudpat at the
end of the lease, its maintenance, recovery, raxycbr
reconditioning cannot be guaranteed. These aretsliro
environmental opportunities of the functional ecaoryd10].

Previously stated limits lead us to develop thedtlypsis
that sustainable innovation cannot only be achiewsd
addressing eco-design or the functional
independently, but necessitate the combinationhefd two
approaches.

C. Sustainable innovations: an alliance between fumel
economy and eco-design in a network model

which could be an environmental

leading some

environmental issues. It offers an alternative nhadlewing
for sustainable innovation. Sustainable innovai®mefined
as an innovation that allows companies to benegjether by
preserving natural resources and reducing the emviental
impact. Sustainable innovation allows for consumer
satisfaction as well as the companies’ economiditphility
and growth by applying the principle of moderatinrthe use
of natural resources and energy consumption. Irresgarch,
we study functional economy and eco-design focusing
their relations, not seeing those as two differemtities. In
this way we are not going to study the consumeegds and
the products separately but rather the existinkslinetween
them in order to identify aspects of sustainabteuation.
Eco-design and functional economy could be
complementary. Eco-design focuses on environmeasgcts
in the product life cycle. A functional economy apach can
overcome the product-centered eco-design approant,
propose a sustainable business model to meet timigers’
and companies' needs. As an example of moving from
intensive innovation to sustainable innovation lynbining
eco-design and functional economy, we can citeetlidution
of automobile. Indeed, the example of automobiletae
illustrates a progression in design, from classibasign to
eco-design and in parallel, a gradual transitiore@@nomy
from classical economy to functional economy. Tésuit, in
this case, is eco-designed-car rental; this isal gexample of
a sustainable innovation combining eco-design andtfonal
economy(Figure 3)

Functional

Services proposition economy

(auxiliary)

Classical economy

Sale, leasing of vehicles
associated with
maintenance contracts,

Classic car rental
Eg:Zip car

Classical design Classic car sales

Renting of partially eco-
designed vehicles
associated to services
Eg:Lilas partage

Sale, leasing of partially
eco-designed vehicles
iated toservices

Vehicle sales, reduced

Partial eco-design
. €02 emissions, reduced

Sale of eco-designed
vehicles (onthe entire
life cycle)

Eg: hybrid vehicles and

electris

Eco-designed car rental
associated to services
3 i range

) Sale, leasing of eco-
Innovative eco- {ei {vehicul
deisgn

associated toservices

of Autolib

Fig. 3. A gradual evolution from intensive innovation testinable
innovation

There are various business models adapted to the
functional economy which allow this gradual traimsit These
models can be based on simple association serwitbsa

economyroduct, for example, or mix offers, bundling protiuand

services usually sold separately. There are alswtifunal
economy based models that fully breaks away with th
product-centered economy in favor of a service eoon For
instance, there are:

Combining eco-design and functional economy seams t » The functional Sales (FS) model, where the goal &ll

be a way to take into account tensions betweenasuprand

the product’'s function without taking into accouhe



environment. And there is a transfer of ownershgf
the distributor to the consumer;

» Eco-Efficient Services (EES) models which would
reduce the resources and energies consumed arttiesell

utility, the service given by a product while lergia
part of the ownership to the distributor;

a good starting point for studying the developmaenft
sustainable innovation.

This business model allows a transition to a more
dematerialized system than the eco-efficient sesvior the
functional sales. The goal is to minimize the emmmental

» The Product Service Systems (PSS) model whosenpacts of consumption by reducing it through alégive

purpose is the realization of the idea of moviranfrthe
product to more services with a strong considematib
environmental aspects [16], [15], [10].

One of the most studied models related to the fonat is
the PSS. This model seems to be in line with tlea idf a
functional economy coupled with the eco-design. okding
to Arnold Tukker and Ursula TischnePSS consists of a mix
of tangible and intangible products and servicesigieed
combined so that they are able of fulfilling jointfinal
customer needs[17].

There are different types of PSS; many classificetihave
been made. The most common has been suggested
Hockerts, who differentiates three types of PSS: [firbduct-
oriented PSS, use-oriented PSS and result-orié1$&1

ways of using products and by increasing globadigource
productivity and dematerialization of PSS. Thespety of
business models are interesting to study and tirdcb-design

as a starting point of the study. This alliancel &t new
compensation systems focused on services, netwbrkstors
and eco-designed products and services. This type o
innovation should allow evolving sustainable diaftion
systems in response to a more sustainable economy.

Two approaches can be used in thinking about the
sustainable innovation model and its transitionmfrénear
thyain model to network model: first, an innovatiorodel
based on an essentialist point of view, and secard,
innovation model based on an interactionist pofrti@w.

The product-oriented PSS provides a few additional

services to the product sold, like financing, mamance,
recovery at the end of life, training in the usé;.,ein an
existing system [17]. There is still a transferogfnership but
converges to a service offering added to the prodlisis

approach is still centered on the product [14]),[115]. Moati

talks about complementary services, which is arravgment
of the existing customer relationship [16].

In the essentialist point of view, the product's
characteristics are supposed to be the only motorgsroduct
acquisition by a consumer who wants to have theeositip of
the product. Consumers’ willingness to pay can \euated
according to the product’s characteristics. Fromdbllection
of different product’s characteristics, those thed the most
critical for differentiation should be identifiedhe value of

The use-oriented PSS does not involve the salehef t those products’ characteristics is relative to #iagular

product itself, but the sale of its function ansl itse. These
approaches are linkable to the contexts of renteaging, or
even pooling and sharing. It is a transition betwt® purely
material sale and the sale of services. It providesmediate
steps between the product-oriented PSS and thi-ozmnted
PSS. This type of PSS intensifies the use of tbdymts [14],
[10], [15], [17]. In Moati's classification of furional
economy, this type of PSS is associated with “Betigonodel
which consists in the association of a product additional
services [16].

Finally, result-oriented PSS engages the producensure
consumer needs’ satisfaction. Moati defines thisdehcas
functionality-oriented business model [16]. Thitda type of
PSS focuses primarily on the function, the utititat the user
needs. There is no longer transfer of ownershipabubffer of
service and function that meets consumer expentatidhis
type of PSS requires a change of the company’s meration
system. It cannot be based on an existing systetf [10],
[15], [17].

The PSS classification and Moati's classificatioavé
been linked; nevertheless it has to be underlihed Moati's
classification does not directly involve the enwinoental
aspects unlike the PSS in which the consideratidn
environmental impacts is one of the basic ruleatThwhy it
has been chosen to refer to PSS models in ourrobsea

The use and result-oriented PSS seem much moredefi
than the product-oriented PSS in a functional apgniand are

preferences of consumers.

The interactionist approach is based on a socionieal
analysis where societal and technical dimensioassardied
together. The situations of use and purchase, rilygepty, the
prescription mechanisms (brand, social conventionanyl
intermediation  (distribution  arrangements, access t
information) become key elements to understand the
consumers’ willingness to pay.

The substantialist approach is also widely usedauays
to apprehend innovation. For example, the chaikelihmodel
defined by Kline and Rosenberg [18]. This modelpnges an
internalization of the innovation process but ométdernal
sources of knowledge for instance when collabogativith
different actors. The substantialist approach heenbproven
to be successful in some case, such as Xerox [19].
Nevertheless, societal changes have led to new wvadys
thinking about a more “open” innovation. This isierportant
limit of the substantialist approach.

Open innovation is defined by Chesbrough«daradigm
that assumes that firms can and should use extédeals as
well as internal ideas, and internal and externalths to

omarket, as the firms look to advance their techgphg19].

Chesbrough talks about erosion factors that undeunihe
logic of what he calls the “closed innovation”, thre old
paradigm consisting in internalizing everything hiit the
company. These erosion factors are for examplegtbeiing



mobility of highly experienced and skilled peopler;, the
growing presence of private venture capital, wriphcialized
in commercializing external research [19].

Our hypothesis is that technical performances dabeo
understood independently from relations and
conventions within which they will be expressed. this
context consumers’ behaviors can no longer be @gia
solely by its own preferences and product’s charéstics.
The consumers’ behaviors are therefore influencgdthe
enlisting process, actors’ network, which includessumers’
preferences. The most appropriate approach, whicludes
all dimensions of sustainable innovation, is based an
interactionist principle. This takes into accounttoas’

socials'Upgrades  Multiples):

develop a system with product improvements on allegg
basis, thus providing more value to the producheuit totally
changing it.

Field investigations related to this discussion & based
on the ANR project IDCyclUM (Innovation Durable<icles
Multiple Upgrades Cycles for
Sustainable Innovations.

This project aims at designing and integrating ipldt
upgrade cycles of products on market within thenfravork of
sustainable innovation. Sustainable innovation isden
possible by the diffusion of eco-designed proddietswhich
the whole life cycle includes several subcyclesssiing of
product improvement. This approach involves anease in

network as suggested by Chesbrough [19]. This why ahe overall life of the product, a reduction of ramaterial

thinking allows involving different knowledge areamd
enriching knowledge by sharing the way of thinkadgout a
variety of actors.

consumption and other beneficial environmental iopa
These evolutionary systems must be eco-designegtimize
their life and their environmental impacts, butytheill also
allow a simplified replacement of worn parts, anitbva

To summarize, the most appropriate method to dedine several product improvemen(gigure 5)

sustainable business model would be an
approach in which a socio-technical network woudd Huilt
around the innovation, in order to promote the sasaf this
innovation. Sustainable innovation model
interactionist approach involves thinking diffedgraabout the
entire value chain. Sustainable innovation necasst
sustainable business model design as well as esigrdel hat
design should take into account the entire netwofk
stakeholders, moving from a linear management chaia
network management in an interactionist way of Kimg.

(Figure 4,[20])

Old business model

Sale/purchase Sale/purchas
Producer —>  Distributor _)_

Providers (insurance,
finance, maintenance,
consulting, design)

ionngiIuo)

Production
(fabrication,
transformation,
intégration,
assemblage)

Fonctionnality
(usevalue, value
service)

Contribution

Contribution

Contribution

Distributeur
(marketing,
commercial, vente)

Fig. 4. From a linear chain model to a network model fataimable
innovation. Adapted from Oksana Mont work20]

I1l. EVOLUTIONARY SYSTEMS DIFFUSION

The articulation of service economy and eco-desigra
solution for sustainable innovation will occurs amd the
evolutionary systems.
products with multiple cycles of upgrades. The dsnto

interastioni

based on a A ak

4 <

6 years

Conventional
Product

6 years 6 years
12kg o 12 ke

12kg 24kg 36kg

i & & & . 5 A 5 & & 'V‘Q:b
Upgradable .6 Il o 6 Il O ) ), .6 I B
Product kg kg H ks i H
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> Material Consumption reduction until - 50 %

Opportunities to make benefits
Added Value for customer

Company

Customer

Relocation of business activities (>> jobs) NedE

Fig. 5. Example of an IDCyclUM applied to a vacuum cleatsxtracted
from 2011 annual report of Ecotech Programm, IDOtIproject

These upgradable systems require exceeding the
technological dimension of the design to enter irdo
networking, interactionist and sustainable processth
binding eco-design and functional economy as it basn
previously developed. This type of design requiethinking

the business model associated with the producketeldp a
sustainable business model to meet the needs di bot
businesses and consumers. The hypothesis put fbiveae is
that such a system requires not only a sale optbduct but a
service performance. This involves thinking abowwn

business models.

However, making the Multiple Upgrades Cycles for
Sustainable Innovations requires overcoming the yman
difficulties involved with conducting change in lnusss

These evolutionary systeme afpodel.



IDCyclUM project will allow testing our hypothesising
surveys, consumers’ studies and industry based. cHse
research will include a vacuum cleaner study tasthate the
business to consumer market.

Firstly, we will analyze the reasons behind a potdu
replacement. We will study consumer needs and ¢atieas
trying to understand why consumer needs are shiftin a
service economy rather than product property. Shisly will
be supported by a survey realized with consumerswadnt to
change their vacuum cleaner. It will determine \aket
consumers are influenced by the intrinsic charisties of
products, changes in social status or relativeht rharket
innovations proposed by encouraging the purchaseeof
products.

Secondly, the project aims to identify the limitats and
opportunities  of
businesses and consumers. This part of the prajkctupport
and test the hypothesis proposing the distributioh
evolutionary products combining eco-design and tional
economy as an innovative solution to meet the amess and
businesses needs. This will be done by focusingaiticular
on their willingness to pay for upgradable systesmnsl by
assessing the feasibility of implementing such epst in
companies. Surveys will be conducted with consunmers
determine if they are attracted by upgradable Ewiaton
products such as vacuum cleaners. The industriakwhain
of the vacuum cleaner (distribution, subcontracamd after-

upgradable system disseminatiorr fo

IV. CONCLUSION

This research is part of the service economy ar@ ec
design and addresses the potential tensions betuleen
economic system and the scarcity of natural ressumith
thinking and defining a new innovation model baseul
multiple product upgrade cycles.

This topic raises challenges that have been hilgtad
New knowledge is needed to overcome these obstantb$o
make this pattern emerge. We have suggested atuefiof
sustainable innovation and an approach to its implgation.
This research theme is supported by the IDCyclUdjgmt
that will test hypotheses by experiments conduetéd two
industrial partners. Our main question is: How ganbuild a
network allowing this innovation that is accepteathbby the
consumers and the companies?

Our proposition is based on an interactionist appincand
promotes a shift from a linear to a networked bessnmodel.

This should lead to new type of innovation modéirtg
into account consumers’ expectations and businesdsn We
must innovate in a sustainable way to survive.
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sales service, for example) will also be intervidwe assess
the willingness and feasibility of implementing busystems
in companies.

The project also includes the development of aguesi

method for upgradable systems by creating tools an

determining a definition of integration strategfes multiple
upgrade cycles. This step will define a design wadfogy
integrating eco-design as well as build an adaptesainable
business model. This stage of the project will fyeand
support the hypothesis defining the covenant of sbevice
economy and eco-design by creating innovative @ssin
model to serve eco-design, as a solution on enwiemnal,
social and economic plans. It will also test the@fveness of
an interactionist system compared to a conventipnadiuct-
centered system.

Test will be conducted with two industrial partners
check concretely whether a sustainable innovatorsdrve

eco-design and functional economy can allow solvinqS]

potential tensions observed between current ecaneysitem
and the environment. This IDCylcUM research propgnts at
integrating Multiple Upgrade Cycles Sustainableovations
in business and will support the research topithentype of
business model to develop in order to jointly imstg
economic and environmental aspects to achieve #ie goal:
the development of sustainable diffusion for praguc

Hﬂs project.
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