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Abstract. This paper introduces and opens the debate opldlse of “product-
driven control” and, on a broader level, Intelligdfanufacturing and Services
Systems in sustainable development and circulanaroy. First, IMS concept
and perspectives on future industrial and econ@ystems, as well as their ex-
pected advantages and the challenges to be addiss@troduced. Different
sustainability interpretations are then describEurd, our vision on possible
impacts of IMS on a sustainable world is presentdis paper concludes with
a set of challenging prospects.

Keywords: intelligent manufacturing systems, product-drigentrol, holonic
control, intelligent product, sustainable developteustainable manufactur-
ing, C2C.

1 I ntroduction

On the one hand, in today’s world, we are invadgdthuge of smart appliances:
smart-phones, smart homes, smart-cars and so onre khal more intelligence is
given to physical objects. Internet of Things (IpUpiquitous or Pervasive Compu-
ting are common terms. The industrial and servittlgsains are also impacted. Com-
puter Integrated Manufacturing has evolved fronssilzal top-down approaches to
more bottom-up approaches where intelligence igribiiged on products and re-
sources (supply Chains and production systemgjirigdo Intelligent Manufacturing
or Services Systems.

On the other hand, the international communityéseasingly sensitive and aspires to
more and more sustainability all over the worldn€epts such as sustainable devel-
opment, circular economy, industrial ecology, simstle manufacturing and so on,

are becoming ever more popular and it seems toebessary and urgent to imple-

ment them in today’s economic activities.

Thus, the aim of this article is to open the delmat¢he place of “product-driven con-
trol” and, on a broader level, Intelligent Manufaiihg Systems (IMS) including ser-
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vices, in sustainable development and circular eason A short state of the art on
IMS systems will be proposed and the interpretatiohsustainable approaches will
be described. Finally, some challenging prospedtde proposed according to criti-
cal sustainable development indicators.

2  Towardsan ubiquitousworld and Intelligent Manufacturing

New opportunities arise with the deployment of apis such as Internet of Things
(IoT), Ubiquitous or Pervasive Computing. Throudiede concepts, objects of the
real world are linked with the virtual world, thesabling anytime, anyplace connec-
tivity for anything and not only for anyone. Sucbncepts refer to a world where
physical thinks or even people, as well as virteiavironments, interact with each
other (Sundmaeker, 2010), (Ley, 2007). A huge qtyaaf applications exist today,
mobile phones, smart homes, smart cars, and af lapglications exist in various
sectors including services: medical sector (Baigd§97), textiles sector (Schwarz,
2006), military applications (Park, 2002), homeaawation (Augusto, 2007), disman-
tling operations (Wong, 2002) or Transportation [llertellec et al., 2013).

It seems to us, that production systems, supplynshdospitals, and services in a
broader sense, will be no exception to this evolfutiThe industrial, healthcare or
services domains are today effectively also immhdtatially, centralized approaches
for such domains control and decision-making wesedu These approaches were
successful, mostly due to their ability to providaeg-term and global optimization of
production planning and scheduling, given a reddyisstable operational context. In
the 1990s, Production and Supply Chain Systems bhaaged from the traditional
mass production to mass customization in ordeetd dith the increase of the global
market competition.

As we highlighted in a previous article (Thoma#\gt2012), industrial requirements
have clearly evolved from the usual traditionalfpenance criteria, described in
terms of static optimality or near-optimality, tonta new performance criteria, de-
scribed in terms of reactivity, adaptability andikility. A growing number of indus-
trialists now want control systems that providessattory, adaptable and robust solu-
tions rather than optimal solutions that require theeting of several hard assump-
tions (Trentesaux, 2009). Gradually the informatieahnology improved, giving to
the physical system entities (e.g., parts, resa@)ireeme decision-making capabilities
and capacities in order to carry information. Thiesgerovements could be a new way
to deal with the still unsolved problem concernthg de-synchronization of material
and informational flows (Plossl, 1993). The consepit Holonic Manufacturing Sys-
tems, Product-Driven Control Systems, Intelligemdrcts, Intelligent Manufactur-
ing Systems, and Agent-Based Manufacturing, to narfeav, have been proposed to
design these future manufacturing systems. Theseepts advocate that the prod-
ucts, and also, more globally, all the productiesources, can be modelled as an
association between two parts (i.e., a physical aad an informational part) to be-
come a holon, interacting with human operators.

Recently, the French community of automatic contadithe request of the French
institution, CNRS (Centre National de la RecherSkeentifique), has given its report



on the “manufacturing of the future” (ARP FuturPri@dport). The main objective of
this research team was to highlight some stratgictactic prospective and design a
global vision of the products and services produrctsystems for 2020/2030. The
main key-words resulting are “innovation” and “sistbility”. Behind them and at a
more detailed point of view, it seems obvious thastributed intelligence” will be
implemented in a large variety of applications. Thsidual question will be then,
how could they be in harmony with new sustainalgleetbpment tendency?

3  Sustainable development and related concepts

« Eco-technic » concept is relative to all techniseful for environment preservation
leading to the best usage of ecologic resiliengeacity of “ecosystems”. In that
sense, an “ecosystem” is a balanced, stable angdlerdife system. There is an op-
timal use of material, each type of waste is reusednother organisms and energy
needs will be met from renewable sources, solamgrfer example.

The most frequently quoted definition of “Sustailealdevelopment” is fromOur
Common Future, also known as the Brundtland Report (WCED,1987):

"SQustainable development is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs. It contains
within it two key concepts:

» the concept of needs, in particular the essengiatls of the world's poor, to
which overriding priority should be given; and

« the idea of limitations imposed by the state ohteiogy and social organi-
zation on the environment's ability to meet presemnt future needs."

To meet these targets, political will have to bplemented with a viable and a global
approach which is socially, environmentally andremuically structured, leading to
propose three pillars of sustainability (Figuresiggesting that both economy and
society are constrained by environmental limits.
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Figure 1: three pillars of sustainable developn{€it)



The main aim of circular economy is to optimize rggyeand materials flows at the
system level, which could be a plant, an activigaa a country, etc... To limit energy
consumption and wastes, the idea is to have a-gyekt functioning such as in eco-
systems.

In such interpretation, the system is constitutédw® metabolisms. Figure 2, pro-
posed by Ellen Mc Arthur foundation, gives an exingd such a system:
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Figure 2: the two metabolisms of circular economy

The biological/organic metabolism : biosphere

An organic nutrient is a material designed to reeethe organic cycle. The idea is to
design products with such materials which can beadtled on the ground and go into
a safe biodegradable process. Wood is a perfegtigdlly example.

The technical metabolism : technosphere

A technical nutrient is a material designed to meee the technical/industrial cycle
from which it came. For example, some componentstefevision set could be inter-
esting materials/components useful for others usage

So, to control such systems according to the thikgers of sustainable development,
the indicators system (Figure 3) leads to followiated actions and help to orienta-
tion determination. The famous “Cradle to Cradlebk describes some implementa-
tions of such a circular economy and proposes teldp indicators and relevant ac-
creditations such as the C2C.
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Figure 3 : Economic, ecological, social and tecainitmensions of a sustainable
product/process system

15 high level indicators have been associatede¢®thhallenges of the French “Stra-
tégie Nationale de Développement Durable” (SNDD)@®Q013. Four of them are
related to the economic and social contexts. Athein are completed by about thirty
detailed indicators.

According to challenges, perspectives, and oppititsnrelative to IMS, it could be
interesting to highlight the following indicators:

Context/national indicators :

Challenge 1 : Sustainable consumption and produ¢ércerpts)
Material productivity
Production wastes evolution
Industrial efficiency
Employment

Challenge 4 : Climate change and energy
Total emissions of greenhouse gases
Carbon footprint

Challenge 5 : Sustainable transports/mobility
Transport energy consumption

Challenge 7 : Public health and risk management
Life expectancy
Occupational accident

The main objective of this article is to highlighdw could IMS be compatible with

sustainable development. Consequently, the quastioln how these indicators could
be met in the context of IMS or how IMS can helpnprove the level of these indi-

cators.



4  Challengesfor IMSin asustainableworld

Recognizing that cyclical functioning leads to matueco-systems durability, the
concept of sustainable manufacturing was propoggudeffeld, 2004). One of the

most recent definitions of sustainable manufactuisigiven by Garetti and Taisch
(2012) as “the ability to smartly use natural reses for manufacturing, by creating
products and solutions that, thanks to new teclgyploegulatory measures and co-
herent social behaviors, are able to satisfy ecamagnvironmental and social objec-
tives, thus preserving the environment, while auuitig to improve the quality of

human life”.

Consequently, in « industrial ecology » :
- «ecology » is relative to scientific ecology whisheco-systems study.

- ‘“industrial” concerns today’s industrial society@duction, distribution sys-
tems, public services and so on...)

By seeking to copy rules and principles of the rgtaustainable manufacturing could
also have as scientific approaches, such as bioticimnaes. Some research works
already exist in this domain concerning stigmerggble systems (Herrera, 2011) and
soon ...

From the previously introduced definition of sustdile manufacturing, it is interest-
ing to note the use of the adjective “smartly”, ethienables us to link the “IMS”
concept to the “sustainable manufacturing” condepihe sense that IMS can be seen
as a way to “smartly use natural resources” inwoction with the challenge 1 previ-
ously introduced (“Sustainable consumption and petidn, topic: Industrial effi-
ciency”). For example, opportunistic energy managenat the shop floor level may
be naturally addressed using smart intelligentridisted devices. A typical illustra-
tion of this approach is proposed by (Karnouskad.eR009). The authors studied the
integration of an energy monitoring function in #mities of a manufacturing system
(e.g., programmable logic controller, enterprisgotece planning, embedded devic-
es.). According to their models, the future resesrare expected to auto-manage their
energy consumption. These resources will switoh énbow energy consumption state
if currently no task is executed on them.

In this context, the key point that militates t@ thse of more “bottom-up” and more
intelligent approaches rather than classical toprdapproaches in related to the fact
that in job-shop and flow-shop problems, the schedwproblem without any atten-
tion paid to energy is known to already be NP-H&sla consequence, the resolution
time of centralized methods is very long. Addingtuer constraint (e.g., energy con-
sumption) or adding another objective in the oliecfunction (e.g., minimize the
energy) will make the resolution even more difftclhis could make such methods
unable to react to uncertainty (e.g., changes dugmtions in a short time, dynamic
energy pricing in the smart grid, etc.), and sdgrcempatible with the reactivity
required in a dynamic context.



But the “intelligent systems” approach can alsocbacerned indirectly, at a more
global level, beyond the classical scope of the ufeiuring phase, by proposing
solutions to increase links among the differentseisaof products and resource life
cycles, including better traceability, quality mgeenent and contributing to the op-
timization of recycling. Indeed, embedding or disiting intelligence among prod-

ucts and resources enables to provide informatimsec to the physical parts of prod-
ucts and systems, even to attach this informatidhése systems, reducing decisional
loops and increasing information accuracy. For gdefif a smart system is able to
memorize the way it has been used and the histoitg parts replacement, this in-

formation can be useful for maintenance or disnvamtnd recycling issues (Sallez et
al., 2010).

According to the indicators previously introducedg can illustrate some interests
and contributions of IMS thanks to the followingrineworks:

Sustainable development indicators (extracts)
Challenge 7=
) Challenge 4= Climate change and Challenge 5 =Sustainable &
Challenge 1 =Sustainable consumption and production - Public health and
energy transports/mobility risk
Total .
emissions Emissions
Material Production wastes Industrial Carbon Energy Transport energy of .
. . Employment L of . : Life expectancy
productivity evolution efficiency N footprint h
ases
gases 8
Strategic Diversification Activities perpetuation (Short) Supply Chain Design
Inventory Inventory
Inventory and " " N " ¢
. Inventory Resources and vehicle routings optimisation - lead-times and inventory | management and
Tactic cash expenses o P P
RN and traceability Resources and minimization traceability in
minimisation - o i
optiization | traceability hospitals
Material yield Drugs
Operationnal | " oren! Vie ) Physical o ~ Drugs
‘on-line Physical flows control Energy and short distance road transport flows optimization and control dispensation
Real time . flows control —

This first framework highlights some chosen chajlemaccording to decision-making
and industrial/structural levels.

Sustainable development indicators (extracts)
: . Chall 7=
N Challenge 4 = Climate change and Challenge 5 =Sustainable .a enge
Challenge 1=Sustainable consumption and production " Public health and
energy transports/mobility .
risk
Total Emission:
Material Production wastes Industrial | emissions | Carbon Energy Transport energy of .
o . Employment - . . N Life expectancy
productivity evolution efficiency of footprint |c C h
greenhouse gases
Consumption Low prices
i f
Context | Andmatenial | oo oducts usages Local or Sustainable Suppy Chains design Short distance roads Hospital
wastes employment| economical
minimization sustainability
Defects, Decision
Co-products need | Employment st ) ) - Quality of service
Concept products real making at Routings and material resources usage minimization N 5
roducts | global knowledge | robustness | and disponibility
time vision various levels
Logical NMono-multi criteria Management and lot sizing | Mono-multi criteria - Heterogeneous Mono-multi criteria Mon.o'n.\u\tl
rules models criteria
Physical Marking RFID, barcodes RFID, GPS, WSN RFID, GPS RFID, Barcodes
knapsack Optimization,
Detail P prmizati PL, PLNE, ...
algorithms simulation

This second framework highlights the same challerageording to system abstrac-
tion levels.

Unquestionably, IMS technologies, architecturespaggment and control approach-
es will be useful for sustainable industries. Athgaand especially at a production
activity control level, a lot of successful expeides exist (Pannequin, 2009), but in a
restrictive SD sense. Indeed, the classical rekearconcerning IMS applications on
shop-floors and supply chains and leading to modestrial efficiency are relevant.

But, they address only one pillar of the SD (thernenic one) and note that, in this



domain, the performance is measured accordingothiest level of the 3 pillars (eco-
nomic, environmental and societal pillars, see3ig! Finally, we have observed that
very few works in the IMS community concern effeety the SD in industry with a
will to balance the attention paid to the thredapd. Some production management
research communities, such as in the IFIP, payptateto SD but still with few con-
siderations paid to link this with IMS approach®s the other side, IEEE and IFAC
production management communities pay a lot ofnttie to IMS approaches but
with few attention paid to link this with SD. Maylee time has come to merge these
sensibilities. Typically, the concept of PSS (PrdduService System) could be the
missing link in the studied context.

It seems obvious that real time identificationckiag or tracing could improve effi-
ciency and control of the systems, but some interesuld be also highlighted at
higher levels (strategic and tactic) which conceupply chains design or industrial
systems specification, leading to shorter routiimggansport area, to more economic
robustness and so on. On the other hand, at a padeoint of view and thanks to
the IMS capacity to provide a global knowledge ledf system state, some others tar-
gets could be addressed, as economic or qualggrefce robustness.

5 Conclusion

In this article, we had as objective to open thieatie on the place of Intelligent Man-
ufacturing and Services Systems, in sustainableldpment and circular economy.
We have discussed about IMS and the interpretatidrsustainable approaches in
that context. Finally, we proposed a framework dbstg the place of some chal-
lenging prospects according to critical sustainaeeelopment indicators.

Again and unquestionably, we are sure that IMS reldgies, architectures, man-
agement and control approaches will be usefulumfareseeable future, for sustaina-
ble industries. Thereby, the proposed frameworkddcbe a first tentative to high-

light some beacons of innovation and to structunet nesearch works and we would
propose a more detailed analysis shortly.
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