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Although the theoretical debate concerning
firms’ boundaries is far from resolved, the
empirical shape of the firm has been largely
redefined over the past two decades. Companies
have focused on their ‘core competencies’. This
specialisation research has caused a trend towards
vertical disintegration leading to a reorganisation of
the value chain (Porter, 1990). More specifically,
empirical survey has demonstrated that outsourcing
has been accompanied by an increase in the
number of responsibilities that are being delegated
to upstream firms (European Commission, 1997).

One of the issues involved in this extension of
suppliers’ area of responsibility along the supply
chain is the articulation of inter-firm activities. In
fact, this break with a system in which
relationships were dominated by subcontracting, or
by the actions of whatever firm was acting as
principal, has created an increased need for co-
operation (Richardson, 1972). Firms have had to
learn to co-ordinate increasingly complex flows of
information and products so as to ensure that
products ‘fit’ processes. At the same time, these
same firms are trying to find a stable compromise
allowing them to share relational quasi-rents

(Asanuma, 1989) - whose potential value rises
along with the increases in the value-added that is
underlying the exchange.

One of the issues that requires resolution is the
spatial dimension of inter-firm co-ordination. Past
analyses of Toyotaism have emphasised the
importance of supplying relations for the
competitiveness of the Japanese automotive
industry. In this analysis, the spatial dimension of
the original production system founded by Toyota
has in and of itself becomes a research topic.
Questions concerning the relationship between
geographic proximity and the techniques of Just-in-
Time (JIT) have sparked a debate between
observers whose analyses have been diverse, and
often incomplete (Hill, 1989; Linge, 1991;
Glasmeier and Sugiura, 1991; Reid, 1995; Fujita
and Hill, 1995).

The purpose of the present article is to pursue
this discussion by analysing those recent
developments in the automotive industry that have
involved what is termed ‘modular production’.
Two major experiments have lent themselves to
much debate: Volkswagen’s truck assembly plant
in Resende (Brazil), and the new facilities that
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MCC (a subsidiary of Daimler-Chrysler) has built
in Hambach (France) for the production of the
Smart car.

In these two plants, the parts makers who
products the modules that are integrated into the
vehicle have been agglomerated on one and the
same industrial site (in the vicinity of the lines
where the final assembly takes place).

This spatial and organisational contiguity is a
break both with the way in which vertical relations
used to be managed, and also in the role that
geographic proximity plays in the process that co-
ordinate such activities. A joint development of this
nature calls for interpretation. The Economics of
Proximity approach (Gilly and Torre, 2000; Bellet
et al., 1998) state that proximity reduces cost
and/or improves the quality of inter-firm co-
ordination. From this point of view, increases in
outsourcing have raised questions about the
changing relation between organisation and space.
In this area, the automotive industry is a prime
example of a situation in which a change of this
sort brings together a greater role for the parts
makers, on one hand, and a clustering effect, on the
other.

The rise of modular production has extended
suppliers’ area of organisational involvement.
Nowadays, suppliers have to assume complete
responsibility for modules that entail much more
than a mere subsystem or function (Sako, 2000). In
this approach, the organisation is close to what
mathematicians term a ‘fractal’ state (Mandelbrot,
1982).

The various levels of the production chain (i.e.
assembly of the final product, of modules that are
in fact veritable sub-systems, of components, etc.)
are hierarchised in a tree-like structure, with each
level representing a similar organisation insofar as
responsibilities will be delegated to whatever
company is involved at that juncture (respectively
assembly firms, first tier parts makers, second tier
subcontractors, etc.). Design and production
methods are standardised throughout the entire
supply chain (according to ISO or suppliers’
standards). As such, the notion of ‘fractal
production’ (Warnecke, 1993) seems relevant in
describing a type of organisation where the

structure of each level replicates that of the
preceding level, as well as that of the following
one.

The  most complete form of fractal production
is the modular consortium, such as Volkswagen
designed it for its new truck and bus plant at
Resende (Brazil). The Original Equipment
Manufacturer (OEM, i.e. the car manufacturer)
does not get directly  involved in manufacturing or
in assembly  operations, but remains in charge of
the value  chain through  its  role in product  design
and marketing – VW acts  as  the system
integrator. At the productive level, VW is in charge
of co-ordinating the various suppliers who produce
those modules that they themselves will be
assembling.

The assembly unit is therefore made up of a
group of modular workshops, each of which
belongs to a given subsystem supplier. And it is at
this level that the spatial dimension of modular
production appears. There is no discontinuity
between these workshops, which are just as
integrated as if they were part of the firm’s internal
management structure.

From a spatial point of view, this reorganisation
has been accompanied by a reinforcement of the
clustering effect. In radical examples of modular
design, suppliers might have set up shop at the very
core of their client’s plant (i.e. VW’s Resende
plant, but also MCC Hambach) – but the rise in
modular thinking has generally lead to an increase
in the spatial agglomeration through the
construction of suppliers parks which are
contiguous to the assembly plants. These recent
trends in the organisation/space tandem raise
several questions. How should these phenomena be
interpreted? Are these trends a precursor to a new
form of organisation that combines an extension of
delegation with spatial concentration, a tandem that
is ready to spread across the automotive industry,
or even across other sectors (i.e. aircraft industry)?
If we adopt a deliberately spatial bias in analysing
this phenomenon, two new types of question are
raised: is clustering an integral part, either as a
cause or effect, of modular production? Or is it part
of the transitory logic of emergence that reveals the
birth of a new organisational model, as had once
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been the case with the Fordist and Toyotaist
models (Lung, 1995)?

The first section describes these developments
as they have unfolded in two emblematic sites, as
well as in those other sites where they have
assumed less radical forms (suppliers’ parks, for
example) - mostly in Europe and in Brazi l(Lung,
et alii, 1999).

The second section is an attempt to determine
how geographic proximity participates in the
construction of these new ways of co-ordinating
vertical relationships, by specifying the
opportunities for organisational innovation that
proximity can create.

The third section highlights the limits of
geographic proximity by drawing some
conclusions from these initial experiments, and by
deconstructing the factors that have contributed to
observers’ continued delusions about the benefits
of proximity.

MODULAR ASSEMBLY AND CO-LOCATION

As with any emerging institutional innovation,
fractal production methods have only been
introduced progressively, either when a new
industrial site was being built, or else when a
reorganisation occurred as part of a new product
launch (i.e. a model). Emerging countries, and
especially Brazil, are a favourite ground for this
type of experimentation, which has subsequently
been extended, in hybrid forms, to Europe. A rapid
introduction to these recent developments, focusing
on certain emblematic examples (VW's plant at
Resende, Brazil, and MCC in Hambach), enables
us to better understand what is at stake.

Experimentation in the new automobile
spaces: Brazil

Given its precursor role, and due to the extreme
forms that fractal production takes on in modular
consortiums, the design of Volkswagen’s Resende
plant in Brazil, opened in 1996, constitutes in and
of itself a topic worthy of detailed analysis. This is
a greenfield plant that crystallises a unique
experiment: the product (truck or bus) has been

broken down into seven basic modules (Marx,
Zilbovicius, Salerno 1997). The responsibility for
production and module (subsystems) operations,
and for their assembly on the trucks’ and buses’
line, has been transferred to first tier suppliers
(parts makers who seen to be acting as partners).
Upstream, the OEM has taken responsibility for co-
ordinating the product’s overall design, but
associates the ‘partners’ in its co-development.
Downstream, the car manufacturer is responsible
for marketing the product through its own
distribution network.

At the level of the vehicle’s production phase
on the Resende industrial site, the OEM co-
ordinates the suppliers' involvement: None of
VW’s employees get directly involved in
production or final assembly operations, as these
tasks are executed by the parts makers’ staff. The
suppliers are in charge of daily process
management (work organisation, logistics, relations
with second tier suppliers, maintenance). They will
have participated in the initial investment, both in
its intangible dimension (product development) and
through the purchase of equipment.  Around the
industrial site, where the ‘system partners’ are
located, Volkswagen owns the land, the buildings,
and the infrastructure. The system partners have
contributed one third of the total investment (250
million Dollars) and employ 3/4 of the 1365
employees who work at the plant.

Nevertheless, this extreme form remains an
exception to the rule. Hybrid configurations

that combine the more traditional methods of
supplier relationship management with the new
principles of modular assembly are more

frequent. The concept of an industrial
condominium is an attempt to characterise
these intermediary situations where, even as

the OEM increasingly delegates the
preparation of subsystems to suppliers located
in the vicinity of the assembly plant (or even

on the assembly site itself), it maintains control
over the final assembly (Salerno et al., 1998).
Although the location of suppliers in proximity to
the site, or even on it, maintains the activities’
geographic contiguity, and even though logistical
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co-ordination ensures that economic integration
takes place, a physical and institutional separation
between firms continues to dominate. Prospective
strong growth in the Brazilian automotive market
(sales were due to double between 1990 and 1996),
and than the regional integration of the
MERCOSUR, encouraged different OEMs to
increase their investment projects in Brazil. And
the construction of an assembly plant has been, for
the American carmakers, an opportunity to
introduce, to varying degrees, the principles of
modular production (Salerno, Carneiro Dias,
2000):
ü Chrysler at Campo Largo: Dana makes a

synchronous delivery of a pre-assembled
chassis (that represents one third of the value
of a pick-up);

ü GM, with its Blue Macaw project involving a
plant meant for the assembly of small cars: 20
suppliers produce the main components and
modules, employing a staff of 1,300, as many
as GM itself;

ü Ford, with its Amazon project (2002), is due to
subcontract the preparation of the ‘rolling
chassis’ to a supplier. The car will be divided
into 15 to 20 modules, and certain suppliers
will be integrated into the site.

The European carmakers, and especially the
Germans, seem to be part of an approach that
resembles an industrial condominium: Mercedes in
its plant at Juiz de Fora, which produces the A

Class; VW-Audi at Sao José of Pinhais (Parana).
As for Renault and its Ayrton Senna plant, opened
in 1998 at Curitiba, this is the first time that
suppliers’ park has been integrated into a French
manufacturer’s facilities. PSA has followed at the
beginning of 2001 with the same kind of
organisational innovation.

Changes in European plants
In Europe, the most advanced experiment in

fractal production involves the Smart’s production
site. The two-seater, mini city car is assembled in a
new plant that has been built in NorthEast France,
at Hambach (Lorraine region), by Micro-Compact
Car (MCC). Though the project’s completion

differs from Nicolas Hayek’s early ambitions
(petrol-driven vs. electrical vehicle, high price vs.
low price, etc.), several of his initial main ideas
have survived, particularly those that involve
‘delayed differentiation’. The client can choose a
particular variant of the Smart at the dealership,
and the dealer has two hours to prepare the vehicle
according to the specifications, by adapting the
modules that are in stock. Of course, there is a
limited variety (principally due to the choice of
colour), but modular logic is at the heart of the new
vehicle’s design.

The Smart is innovative: as a product and in its
production organisation. The outsourcing is very
important, and suppliers are totally integrated into
the Smart’s plant1. They prepare the main modules
that MCC’s employees assemble on the chain. The
investment is shared between MCC and the module
suppliers: at the product development level, this
latter group has assumed responsibility for 40% of
the product’s total design costs (400 million
Euros); and financed more than half of the
infrastructure and production equipment costs (230
million Euros vs. 200 for MCC). The suppliers
(including the company that provides logistical
support) employ more people than the
manufacturer: on site, 600 employees work for
MCC, and 900 for its main suppliers. Eight out of
the ten system partners are integrated into the site,
including Magna (assembly of bodies and doors),
Eisenmann (painting), Dynamit Nobel (parts of the
bodywork), Mannesman VDO (cockpit), Krupp-
Hoesch (rear module), Bosch (front module).
Others are located nearby (Faurecia for the seats;
Continental, for pre-assembled wheels) or at a
distance, in Germany (Daimler-Benz Berlin,
engine; D-B Hambourg, axles), whenever
economies of scale play a major role. All in all, the
Hambach plant displays a lot of similarity to VW’s
modular consortium at Resende (including the
introduction of work teams with six or seven
workers) – even though MCC, the manufacturer,
retains control over the final assembly.

                                                
1 Cf. Usine Nouvelle (23 October 1997), Alternatives

Economiques (December 1997), La Lettre du Gerpisa  (various
issues, inc. numbers 113 & 120, available at
http//www.gerpisa.univ-evry.fr).
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A growing tendency to outsource, and modular
production as featured Hambach facilities, both of
these phenomena represent a long-term orientation
for Mercedes – a company that had previously been
a great supporter of maximal vertical integration.
The new assembly plants that Mercedes built
during the 1990’s (Rastatt in Germany, where the
Class A small car is built; the American factory; or
the Brazilian project) are directly related to this
trend towards modular production: the Tuscaloosa
project (new plant in the US) has been an
experimental field for the introduction of
modularity (Pries, 2001). There is no doubt but that
the recent merger between Daimler and Chrysler
will reinforce this trend.

Although MCC’s plant is more than any other
the representation of a logic that revolves around
modular assembly, lesser forms of fractal
production can be found at other European
industrial sites. The reorganisations that regularly
occur when new models are launched are an
opportunity to further delegate module design and
production to parts makers. Just like in Brazil, the
new automobile spaces around Europe’s periphery
have also played an important role in the
experiments with modular assembly, above all
when acting on behalf of the VW Group (Skoda at
Mlada Boleslav in the Czech Republic; Seat at
Martorell in Spain). The most pervasive form in
Europe is a relatively weak one. This is translated
by the increase in the number of ‘industrial parks’,
complexes that bring suppliers together in
immediate proximity to one another, contiguous to
the assembly site – a contiguity that is sometimes
materialised through the overhead tunnels that
connect the various plants (Larsson, 2001).

Ford’s Valencia facilities (Spain) are one of the
earliest examples of this phenomenon (Perez
Sancho, 1995). In 1995, the year before it was
planning to launch its Ka model, Ford opened an
industrial park so as to lodge its suppliers in the
plant’s immediate vicinity. By introducing
modules, Ford has been able to reduce the number
of components handled by its workers from 3,000
to 1,200. Around 60 modules and subsystems are
outsourced, lowering vehicle assembly times by
25% in comparison with previous methods. The

largest subsystems are delivered directly to the
assembly lines via three overhead tunnels that
connect Ford’s plant to the facilities of the
suppliers who are operating within the industrial
park. The first tunnel connects three bodywork
suppliers to the welding workshop; the second
delivers seats mounted by Johnson Controls Inc.;
and the third is used to supply various subsystems
(bumpers, rear axles, steering system, etc.). These
principles, so representative of an industrial

condominium, have been progressively introduced
into Ford’s other European plants every time that a
model is replaced: suppliers parks have been set up
at Saarlouis (Germany) in anticipation of the
Escort’s replacement by the Focus. Other
European manufacturers have also gone in this
direction, including GM Europe and Renault. As a
result, some analysts believe that modular
production lead to cluster the modules suppliers
around the assembly site.

GEOGRAPHIC PROXIMITY – AN
INSTRUMENT FOR ESTABLISHING NEW
FORMS OF VERTICAL RELATIONSHIPS

To understand the agglomeration process that
links parts makers to the assembler (acting in its
role as the value chain’s principal), we must begin
with the characteristics of the outsourcing trend if
we are to avoid overestimating the role of space.
Inter-firm vertical relationships, and the way they
function in a system based on modular logic, is the
starting point. Once this is understood, we can
deduce the true role of proximity.

Compared with previous types of relationships,
modular assembly has reinforced the three trends
that are mentioned below. These tendencies existed
previously, but are now critical - and have become
the key to understanding firms’ interest in spatial
integration:
ü JIT, and the major logistical constraint that it

causes,
ü Risk sharing between partners, and the need for

credible commitments,
ü The institutional innovation that is this new

form of production presupposes that new types
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of organisational proximity be set up between
firms in need of developing collective
mechanisms of co-ordination.

Despite their interdependence, these three
dimensions can be analysed separately. Our
purpose will be to demonstrate that spatial
contiguity enables a loosening of logistical
constraints; as well as a convergence of firms’
interests and actors’ representations and routines.

Operating under a flow constraint
The logic of JIT that characterises so many

automaking operations nowadays corresponds to a
set of techniques and methods that, when
sequenced coherently, can structure the
organisation, and the functioning, of the production
system (Bounine, Suzaki, 1993). At the
internal/external interface level, the system’s
coherency is based on the logistical function – to
succeed, it needs to endogenise transport into the
productive organisation so as to avoid any
bottlenecks in the production chain (Burmeister,
Colletis-Wahl, 1997). The success of the JIT
system, particularly in the area of synchronous
production (Gorgeu, Mathieu, 1993), translates
firms’ ability to preserve the coherency between
external transfers and internal rhythm of
production. This necessitates an articulation both of
the products’ physical flows, as well as of the
information flows that are associated with the
delivery process. As such, JIT increases the
logistical constraint that stem from firms’ aim of
orienting these two flows.

Given the complexity of production
management, there must be a modicum of
coherency between these two flows if modular
logic is to be respected, especially given the
product variety constraint that a modular
organisation tries to surmount (Lung et al., 1999).
In fractal production, logistics fulfil an essential
role, ensuring the co-ordination of production and
delivery functions. Delivery is synchronous,
involving modules whose variety, size and fragility
continue to rise, and who require more and more
handling as their role in the productive chain
becomes increasingly crucial. Over the past few

years, logistics have become a new competency in
the automobile branch, leading to the rise of firms
whose core competencies on this complex activity.
The logistical function itself is part of the fractal
approach: logistics are subcontracted to specialised
firms who operate on the manufacturer’s assembly
site, and who are involved in delivering
components and modules from suppliers’ plants to
the assembly line.

Despite the outsourcing of the logistical
function, product transport is still faced with an
irreducible constraint of distance, a major factor in
spiralling costs. Distance increases the need for a
sophisticated organisational structure (systems for
purchasing or for monitoring items that are in the
process of being delivered, etc.) and for a number
of physical assets (means of transport, warehouses,
etc.). These costs are particularly high when the
component is bulky and requires frequent loading
and unloading. As such, the requirements of JIT
favour an agglomeration of firms so that they can
diminish their logistical expenditures.

Although this transportation element provides
an initial argument in favour of spatial contiguity,
it is offset by the magnitude of the productive
constraint. The mobility of suppliers to whom the
production of a module, or even a complete
function, has been delegated is restricted by the
need to achieve scale economies, and by the
importance of fixed costs. One of the lessons to be
drawn from the debate over JIT geography is that
this type of productive organisation does not
necessarily lead to agglomeration (Lung, Mair,
1993). A number of relationships can be deployed
over a long distance – as long as an efficient
logistical architecture, based on a reliable transport
infrastructure, has been designed (Frigant, 1996).
Logistical groups have evolved from being simple
transport companies to become logistical experts –
a trend that is justified by their increased
importance in the organisation of supply.

When scale economies are present, two trends
tend to come to the forefront. First of all, if several
clients share the component, the parts maker will
supply them from a single production site, and set
up a sophisticated logistical structure. For example,
the Smart’s assembly plant is supplied with motors
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from Hamburg, Germany. Secondly, if the function
requires a specification, and especially if it
involves delayed differentiation, a secondary
facility for the assembly and stocking of the
elements of the function that is to be delivered, will
be built near the client’s site. M. Salerno et al.
(1998) has observed that most of the new implants
that have been created in the Brazilian
condominiums were warehouses.

As such, the logistical constraint constitutes an
early argument in favour of geographic proximity.
However, this factor does not answer all of the
questions related to consortiums and other
condominiums. A logistical argument cannot
purport to provide a complete explanation for the
phenomenon of spatial contiguity, because the
modules’ final assembly could just as easily take
place in the plant’s immediate vicinity. So, we need
another explanation.

Proximity and credible commitments
Vertical inter-firm relationships extend the area

of competency that is attributed to the suppliers.
Participating from the very beginning in the
planning of the vehicle’s conceptual development,
they have been allocated the entire responsibility
for designing and developing subsystems and
modules, and for their industrial production
(Laigle, 1996). This transfer of responsibilities
constitutes the principal argument in favour of
outsourcing, inasmuch as it allows an assembler to
focus on its core competencies whilst gaining
access to the specialised suppliers’ most up-to-date
competencies in those areas where they benefit
from economies of scale and scope. As such, by
sharing responsibilities, the assembler can cut new
vehicle development costs (product and process),
and reduce risks.

Nevertheless, some risks remain - but they are
now shared, having been partially transferred from
the manufacturer to the parts maker (Lung, 2000).
The latter will not be able to make profitable the
physical and intangible investments that have been
made in case the vehicle is a commercial failure.
Reasoning in terms of a given resources, we can
say that investment in one project limits the ability
to market to other potential clients – despite the

fact that the stability of the initial relationship is
not even guaranteed.

Vertical relationships contain deficiencies that
can be broken down into two categories:
unintentional, stemming from diverging
interpretations; and intentional, the result of
opportunistic behaviour by a firm that can avail
itself of private information (Frigant, 2000). The
potential for such deficiencies places agents in a
permanent state of reciprocal suspicion.

It is obvious that parts maker will want to
stabilise the relationship. This is also true for the
client, inasmuch as a breakdown can lead to higher
cost - for searching, selecting and negotiating with
a new supplier (Baudry, 1995); and to delays or to
a breakdown in production until a new supplier has
been found. Even then, this new partner needs time
to develop the necessary equipments. Such costs
and delays are even worse in those situations where
the parts maker had been allocated major
responsibilities: with the Smart, the failures of one
of MCC’s partners (Ymos, an alliance of four
companies responsible for the doors module, and
later replaced by Magna International) created
additional experimental problems.

As a result, both parties have an interest in
seeing that their relation lasts. One solution could
be to devise a long-term contract envisaging as
many possible situations as possible. In any event,
in an uncertain environment, it would be illusory to
think that any such contract would be complete. As
such, the relationship has to be founded on those
types of complementary reciprocal commitment
mechanisms that enable the contract’s fulfilment,
and adaptation where necessary (Williamson,
1996). Spatial integration is one of these
mechanisms.

The presence on one and the same site of the
parts maker’s and the OEM’s facilities limits their
ability to redeploy their reciprocal assets. This
evokes Williamson’s concept of site specificity. By
interpreting this notion in a somewhat different
light, the accumulated assets can be interpreted as
forms of mutual commitment. By setting up in the
vicinity of the assembler’s facilities, or even inside
of them, the supplier creates a situation in which its
assets can be taken hostage: a breakdown in the
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relationship could cause substantial losses.
Inversely, if a parts maker owns its own facilities,
its departure would cause the client to lose a nearby
supplier. The cost of opportunity would be even
greater if the aforementioned supplier were to
continue to run this facility in order to supply a
rival manufacturer, and if there were very little
vacant land on the site 2. This explains why, in the
example of a consortium, the OEM remains the
owner of the buildings, leasing out the site to the
suppliers.

When seen in this light, geographic proximity
offers a second advantage, one that stems from the
physical interdependence of the assets to which it
gives birth and that consolidates the fulfilment of
contracts by causing the parties’ interests to
converge. Nevertheless, the efficiency of this
mechanism depends on the nature of the
investments that have been agglomerated. There is
greater efficiency with a production facility, and
less with a final assembly workshop. This activity-
related categorisation is another aspect of vertical
inter-firm relationships, one that turns on the
quality of the interactions between firms.

Converging representations
Two main objectives are associated with fractal

production: the first is to increase the quality of
production, the second is to improve the
production’s dynamic flexibility. The complex
articulation of modules that rely on supposedly
heterogeneous technical systems implies however
that these innovation or quality processes be based
on frequent interactions with a strongly
informational content. In Lundvall’s model (1988),
the supplier can be perceived as a producer of
knowledge, and the OEM as a user. This approach
emphasises the fact that the elements being
assembled will only fit if the firms co-operate very
closely with one another. When a firm is
integrated, we can assume that a high degree of
coherency exists, especially inasmuch as a

                                                
2 Even if land is available, the delays in building new

facilities would create a major surcharge. There would also be
the risk of a breakdown in the productive chain if the new
supplier were to lack the production capacities required for an
immediate assumption of the supplier’s role.

company’s culture derives from harmonisation
both of communication modes and of the processes
for encoding/decoding whatever information is
needed to apprehend and resolve problems (von
Hippel, 1994). On the other hand, inter-firm
communication is impeded by this absence of
shared modes of representation, which therefore
need to be built if efficient interactions are to take
place. Moreover, firms need to construct those
rules and procedures that will allow them to
manage the processes of mutual adjustment that are
necessary for the co-ordination of the various
parties’ activities.

At this level, it becomes possible to explain the
trend towards spatial integration that has been
observed in the new forms of vertical inter-firm
relationships. Physical proximity between firms
increases the number of opportunities to engage in
face-to-face encounters, a type of communication
that is particularly useful insofar as it allows
exchange of tacit knowledge. Above and beyond
the fact that this information can be directly applied
to problem solving, for example quality
deficiencies that are caused by a problem in the
process, spatial contiguity helps to engender
organisational proximity on the productive site
(Bellet, Colletis, Lung, 1993). As is the case inside
the firm itself, organisational proximity made it
possible to create a shared language between the
various groups of employees. It also facilitates the
implementation of routines that allow for a co-
ordination of the firms’ activities. Proximity
participates in the constitution of a structure of
‘virtual integration’ that involves a type of co-
ordination that springs from the mobilisation of
inter-firm routines (Coriat, 1997).

Spatial integration therefore provides an
opportunity for learning associated with the
development and continual adaptation of those
rules that enable a co-ordination of different firms
working in one other’s immediate vicinity. In their
study of the Brazilian automobile industry, M.
Salerno et al. (1998) emphasise that this proximity
is explained by the enhanced quality and density of
the problem solving processes, by suppliers’
increased participation in manufacturers’
improvement programmes, and by the greater
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understanding of assemblers’ strategies and
policies. Proximity facilitates the resolution of non-
intentional deficiencies.

The transition from simple physical proximity
to organisational proximity depends however on
the advent of an interactive learning process
between members of different productive units –
each of which represents a distinct organisation.
However, a mutual organisational learning of this
sort can only be consolidated over the long run,
especially in a situation where products are
complex, and where there is little initial
institutional proximity between the firms (Kirat,
Lung, 1999). At this level, the current experiments’
relative novelty makes it difficult to predict the
future impact of this trend towards proximity. In
any event, this phenomenon will be unable to
resolve all of the difficulties that are associated
with the implementation of new collective co-
ordination systems.

THE LIMITATIONS OF PROXIMITY AS A
CO-ORDINATING FACTOR

In and of itself, geographic proximity cannot
solve all the problems of co-ordination associated
with those inter-firm relationships that are of
strategic importance for modular assembly.
Moreover, three noteworthy problems have
emerged:
ü the coherency between different technological

and organisational competencies;
ü management of the employment relationship;
ü the redefinition of the types of relationships

that firms can entertain in an environment
involved a shared relational quasi-rent.

Fitting diverse sets of competencies –
problems of coherency

VW’s pilot programme at Resende (Brazil), and
MCC’s at Hambach, did not give total satisfaction,
inasmuch as the outcome - in terms of quality and
productivity – did not meet the initial expectations.
For example, according to Harbour and Associates

Inc., one third of the vehicles assembled at the
Resende plant had to be recalled before final
clearance (against an average of one in ten for

other plants of the same type). Moreover, the
number of hours required to assemble a truck at
this site was double the norm in the United States4.
Of course, both cases involved a process of
organisational learning because the organisation is
very innovative. In addition, the demand markets
have not been particularly strong, hence an under-
utilisation of productive capacities that explains, at
least partially, why productivity has not reached the
expected level. However, the quality issue remains,
and questions can be raised as to the reasons why
products assembled in these two plants have
experienced so many commercial problems. By
example, the Smart’s commercial problems raise
questions about the intrinsic quality (product
integrity) of a model that had been designed
according to modular logic.

In fractal production, the management of inter-
firm relationships becomes a major issue, in the
sense that co-operation is the predominant way of
co-ordinating these relationships. Proximity in and
of itself cannot resolve the problems that are
caused by attempts create a compatibility between
diverging technological principles. The trend
towards outsourcing is closely tied to the general
focus on core competencies, and can be explained
by the fact that it is so difficult to manage
diversified activities internally, especially when
they mobilise different types of competency.
During final assembly, the issue of the best way to
co-ordinate deliberately separated technological
competencies is again raised: it is very difficult to
articulate different technical systems (i.e. the
interfaces between plastic, electronic and metallic
units) if their compatibility is thought out
beforehand. It becomes necessary to perfect the
interface modes between the various modules. This
requires the development of new technical
solutions, yet the advent of such discoveries is at
best progressive – especially since it implies that a
diverse group of actors (each of whom possesses
specific competencies; and all of whom must learn
to co-operate) be co-ordinated.

                                                
3  J. Lippert, Latin Lesson, VW’s use of suppliers in Brazil

sparks. Automotive News, 3 August 1998
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There is no doubt but that geographic proximity
can help to implement the sort of interactive
process that is necessary for mutual adjustments to
take place. However this adjustment, which is
carried out under the aegis of the manufacturer who
is fulfilling the role of module integrator, implies
the involvement of a large number of actors. The
assembly plant and the module preparation sites are
often agglomerated in the new configuration – as
are the functional units (in particular, those that are
responsible for product development, methods,
etc.) that each party will call upon to ensure the
coherency (Ciavaldini, 1997). Now, the co-location
of design tends to facilitate interactions between
OEMs’ and suppliers’ engineers (Carrincazeaux,
Lung 1998) – but the functional Product-Process-
Manufacturing interfaces must also be accounted
for in inter-firm relationships, and given the
multiplicity of parties involved, this can be difficult
to achieve. Geographic proximity is not a universal
solution, as this would presuppose the complete
agglomeration of all of the participants in the
design (product and process) and production
(manufacturing and assembly) phases. The areas
where design activities are concentrated are
disconnected from the regions where production
takes place. The spatial and functional division of
labour remains the rule.

Geographic concentration cannot be a substitute
for vertical integration: hence the importance of
establishing new co-ordination procedures, despite
the persistence of as yet unresolved, and complex,
technical issues. A critical aspect of automobile
production lies in the product’s systemic
architecture, embodied by the essential role that is
played by the platform, the equivalent of the
product’s skeleton (i.e., the foundation upon which
the different modules will be assembled). For
industrial vehicles (such as those that are
assembled at Resende), it is easier to find a solution
inasmuch as the chassis constitutes a stable
technical foundation that can serve as a basis for
the development of modular logic. For passenger
cars, on the other hand, platforms must become
more flexible, that is, susceptible to modularity, if
this logic is to ever unfold. Manufacturers have an
ever greater control over variations in platforms’

length, as witnessed by the drastic reduction in the
number of platforms that they are going to be
building over the next few years (even as they will
be adding to the number of models and variants).
Other technical approaches are also being explored,
such as the new platform structure that Fiat has
developed for its new monobox Multipla

(spaceframe technology). If technical issues may
be solved, it depends on engineers’ and directors’
expectations and representations. In the early
1990s, people still thought that an increase in
product variety would inevitably lead to an
increase of the number of platforms – but today
industrials have modified their strategy in this
respect. Volkswagen’s sudden decision in 1995 to
reduce the number of its global platforms from 16
to 4 caused a great deal of surprise – but since then,
the other OEMs have fallen into step. Recently
(January 2001), Volkswagen announced that it has
changed direction switching from a platform

strategy (declining models on the same platform)
towards a new modular strategy: the car product is
decomposed into 11 modules (engines,
transmissions, brakes, axles, fuel systems, door
locks, etc.), which will be shared a great number of
models since 2005. Would it be the first signal of a
new trend for the whole automobile industry?

The main obstacle to such a trend would be the
resistance of the technology due to the "systemic
nature" of the automobile product. According to
this hypothesis (still held by a great many
engineers), the product’s integrity could suffer
from an excessive search for modularity
considering the systemic interdependencies
between the numerous components of a car. Small
manufacturers would be able to gain a foothold in
the market, and the race towards gigantism (mega-
mergers) could well start to slow down or even
reverse.

Spatial concentration and disparities in
employment relations

The principles of modular assembly and fractal
production have experienced only limited diffusion
throughout the industrialised nations, in part
because of workers’ opposition to the outsourcing
trend. Some very important wage disparities still
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exist between OEMs – where unions are often
strong - and suppliers. Such disparities are also a
feature of the component industry, a branch whose
shape is often poorly defined; and in those service
activities that have been largely contracted out (for
example, logistics). By geographically
concentrating firms that are distinct, but which
interact closely because of a shared orientation
towards the same productive project, will very
probably create specific problems in terms of
workforce management.

Although each firm manages its workforce
autonomously, divergences in the status and the
pay systems that are being offered to workers
operating on one and the same side can create
tensions and conflicts. This increases the risk of
breakdown in a system that has been rendered
fragile by the multiplicity of interactions requiring
co-ordination. The disparity of employment
situations can lead to feelings of frustration that can
cause ‘passive’ forms of worker resistance,
translating a general reticence to adopt the co-
operative forms of behaviour that are necessary if
collective co-ordination systems are to be
established (hence problems with quality, phasing,
etc.). In a hypothetical situation where an
employment situation is particularly favourable in
one of the firms (usually the manufacturer), the
supplier’s workforce can become unstable, and
employee turnover can rise. Workers will try to be
hired by the best-paying firm as soon as an
opportunity arises. Moreover, this firm can
improve its ability to determine the prospective
employee’s skill level by checking his or her
knowledge of a given activity as it is carried out in
the supplier firm. This three-sided configuration
(the two companies, the employee) is one in which
geographic proximity has lead to opportunistic
behaviour. The suppliers who have established
facilities near Mercedes’ Rastatt plant are often
faced with the problem of disparities between the
status systems and pay packages that they can offer
their employees, on one hand, and those which the
OEM can offer its employees, on the other. Finally,
in a situation involving collective rather than
individual interests, spatial agglomeration carries a
risk of contagion. Labour movements could

demand that pay packages and statuses all be
aligned on the most favourable situation - usually
involving workers for the manufacturing firm
where union power is the greatest 5.

Given these potential problems, companies may
wish to minimise the disparities in the wage
packages that each will offer its staff. This is the
approach that VW has followed at its modular

consortium in Resende: the German manufacturer
has obtained from its suppliers that they
homogenise their wage conditions and hierarchical
levels. This is still an exceptional situation, and in
most instances, it is not in the suppliers’ interest to
align themselves on conditions that benefit workers
most (i.e., that the unions have obtained from the
car manufacturers). As such, suppliers sometimes
hesitate before setting up important activities in the
OEM’s immediate vicinity, and often prefer to rely
on module assembly units that only employ a few
score workers. In this instance, assembly
operations are the only ones that take place on site,
involving the use of components that were made in
a remote location, and that have been warehoused
without any local manufacturing activity per se –
something of a screwdriver-workshop
configuration.

Manufacturers and unions will negotiate the
introduction of these new methods of production
organisation at the older industrial sites. This has
lead to a variety of different outcomes. At
Volkswagen’s Puebla plant (Mexico), the
agreement between management and unions
specifies that workers with the other companies
operating on VW’s site can only be involved in
service activities (i.e. maintenance, logistics, etc.) –
even though manufacturing activities are combined
off-site, in a suppliers’ park located in the
immediate vicinity. Negotiations have also been
held with German labour unions concerning the
possibility of building suppliers’ park inside of the
historic Wolfsburg site, coinciding with the
replacement of the Golf in 2003. Still, it is difficult
to image that disparities in pay packages, and in

                                                
4 In much the same way, the recent strike at Dynamit

Nobel’s plant in Hambach involved a reference to the wage
demands that had been made by workers for one of MCC’s
suppliers (La Tribune, 10 Jan. 2000).
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work conditions, will persist in an environment
dominated by spatial agglomeration (unless
collective union action were to go into a deep and
irreversible decline). The major strike that GM
North America experienced in August 1998 is a
reminder of employees’ ability to resist
outsourcing, leading to cancel GM’s Yellowstone
project (US).

Strategic issues: sharing the relational
quasi-rent

Last but not least amongst the various issues
that are associated with the diffusion of fractal
production, the problems evoked in this final
section are of paramount importance. The issue of
rent sharing is essential to any strategy involving
this type of organisational mode - and geographic
proximity does not appear capable of providing the
answers that are required. The question involves
the theoretical long-term consequences for the
automobile system if this mode of organisation
were to become generalised - both in terms of the
power of negotiation, and also as pertains the way
in which the relational quasi-rent is shared.
According to Asanuma’s hypothesis of Japanese
subcontracting relationships (1989), according to
which an efficient management of vertical
relationships can generate a quasi-rent that will
benefit both parties, geographic proximity (which
appears as a constitutive factor of fractal
production) contributes to the creation of a surplus.
This evokes the notion of a ‘territorial quasi-rent’
as described by Dupuy and Gilly (1995). Above
and beyond contractual conditions, which can be
defined on a case-by-case basis, the issue of the
way in which the quasi-rent is to be shared cannot
be answered in a local framework, as it raises
questions about a possible redefinition of the
automobile system.

One strategic issue is the risk that manufacturers
could lose technical competency as a result of
increased outsourcing (Chesbrough, Teece, 1996).
By focusing on their core business and by
delegating to their suppliers the task of designing
and managing major subsystems, manufacturers
will find it more and more difficult to evaluate the
projects being proposed by their suppliers. This

could result in a great deal of dependency and
indecisiveness. Several firms have tried to preserve
such competencies internally so as to create
competition between external suppliers and their
own plants. However, the substantial costs that
have been generated by this duplication of
activities have been difficult to justify in the
current environment. Another consequence of this
loss of competency is a risk that the firm’s
‘absorptive capacity’ (Cohen, Levinthal, 1990) will
diminish, that is, the manufacturer’s skill in
integrating those relevant innovations that its
suppliers have developed.

Recent lessons from Economics of innovation
underline firms’ need to be able to dispose of their
own set of internal competencies in order to absorb
the external technologies developed by their
partners. As such, firms are faced with a delicate
trade-off between the long-term necessity of
preserving internal competencies, and the costs that
a policy of this nature implies.

The risk of weakening one’s innovation
potential may be twinned with an ‘Intel Inside
syndrome’ (Chanaron, 1995). The development of
modular logic may lead to an inversion of OEMs
and suppliers’ bargaining positions. This was the
case in the computer manufacturing business - IBM
was dispossessed of its power over the branch by
the microprocessor producer Intel (the brand image
moving upstream), and by the software developer
Microsoft. It should be observed that at a global
level, there has been a greater concentration of the
parts making industry than of the assembly
function (there are only very few producers of ball
bearings, tyres, seats, etc.). The development of
fractal production can only serve to undermine
whatever negotiating strength the manufacturers
have preserved with respect to their suppliers, and
this would inevitably affect the way in which the
quasi-rent is shared amongst the various firms that
are involved along the production chain. The
reluctance of Toyota to adopt the modular
production (Chanaron, 2001) confirms this
proposal.
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CONCLUSION

Modular assembly in the automobile industry is
still in an experimental phase, even if the strategies
being followed by the manufacturers and by the
parts makers (systematic development of integrated
modular solutions) tend to indicate that there will
be a permanent commitment to fractal production.
This trend implies that the vehicle will lose its
product-system characteristics and become a
modular system5. The attributes of a product-
system relate more to its integration architecture
than to any one of its components: a car’s success
stems from a complex combination of design,
functionality, driving characteristics, handling, etc.
A modular system is above all defined by its
subsystems. The computer is a typical example: it
involves the assembly of a microprocessor, of a CD
reader, of an operating system, etc. Bicycles feature
a few of these attributes: a frame, pedals, a braking
system, etc. The new geography associated with
modular production lead to the question of the
dynamic of geographic clustering.

                                                
5  The distinction refers to Langlois and Robertson’s 1992

comparison of closed proprietary systems and modular

systems.

Is geographic proximity a transitory
phenomenon that corresponds to the necessarily
intense interaction that is associated with
institutional innovation (the introduction of
modular assembly)? Or is it a lasting phenomenon,
in that it allows for processes of mutual adjustment
that contribute to this mode of organisation? Those
industries that are concerned by the assembly of
modular systems (such as the computer industry)
do not appear to be characterised any particular
geographic agglomeration around their assembly
sites – quite the contrary, they display a strong
spatial dispersion of upstream activities on a global
scale. Inasmuch as geographic proximity tends to
help with the resolution of co-ordination issues, a
logic of agglomeration should prevail as long as the
automobile product preserves its systemic
dimension, or if the process becomes more
complex as a result of its systemic characteristics –
in particular, as pertains to product variety and
process, two side-effects of the system’s
complexity that can be combined in a number of
different ways.
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