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The current process of changes in the automotive industry is moved by old and very
well known goals - to reduce costs and to increase profits. The novelty, if it can be considered
as such, is how to get there. One way is to understand the new perspective of the automotive
business and then to define its own role. Following this road, several companies and mainly
the car assemblers have focused on and dedicated to what they consider more valuable in their
business. The most profitable activities can be related to the design, the production or the
distribution of cars, but certainly not to all of them.

Modularity fits to this current context, especially to the assemblers’ efforts to reduce
the production costs. That is why so many firms have assimilated, at least partially, the new
production system based on modularity. In a few words, it consists of dividing a car into a
few modules in spite of a very large number of isolated (spare) parts. For instance, the module
so-called cockpit usually includes instruments, panel, air conditioner, radio and even steering
column; in the suspension one finds both front and rear axles, the steering system, the
absorbers and brakes; in another module, wheels and tires come together and pre-assembled.
The idea is to optimize the processes, either the development or the manufacturing of cars. In
this last case, production, the assembler intends to reduce the number of activities during the
final assembly, to reduce the number of handled parts and also to reduce the number of direct
suppliers. Some of the advantages are obvious: to simplify the final process, to diminish the
inventory level and to speed the assembly time and all of them lead to that main task - to
reduce costs.

Generally speaking, the modularity is a concept that may be applied to the design,
production or use of a product or complex process. As explained by Baldwin & Clark (1997),
the division of a product or process into parts (called modules or systems) offers greater
flexibility for those who project, produce or use it.

In the automotive industry, the modular concept is mostly used in the production of
cars than in the other two dimensions. As we will describe in this paper, the new assemblers’
plants in Brazil are structured to handle with a few modules. In design, however, it is quite
difficult to find similar examples because most of the modules are not conceived as a
complete and integrated set yet. A module is a subassembly composed of many parts that are
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put together in order to make the final assembly of a vehicle as simpler and faster as possible.
And although the co-design is a growing trend in the sector, most of the components of a
module are still supplied and produced as spare parts. Why does it happen is one of the
questions we will discuss in the paper.

Another point to explore is the conception of a ‘modular strategy’, how does the
assembler make the decisions about the modules and which are the main issues to consider.
Brazil offers several examples of different strategies: General Motors (in Gravataí), Renault
(in São José dos Pinhais), DaimlerChrysler (in Campo Largo), Volkswagen (in Resende),
VW-Audi (in São José dos Pinhais) and the oncoming Ford's plant in Camaçari. Despite being
all modular plants, they are very different from each other. Take, for instance, the attributes of
the site and the way that the production is organized: there is a range of concepts in those
plants, from the industrial condominium up to the modular consortium. In other to understand
this situation, we propose to investigate the relation of three core concepts: modularity in
production, outsourcing of the modules and geographical proximity of some suppliers (that
share the site with the assembler).

A third set of questions is raised about the probable effects of the modular system in
the supply chain and the technological changes that may take place. For instance, which
changes does the module supplier have to implement because of its new and more complex
responsibilities, like the co-design of components, the production and the integration of
modules? Besides, as modules are to be delivered sequenced, how much is the supplier
responsible for managing its own supply chain, including the logistics issue? What other
changes may occur in the level of the module suppliers?

Considering the questions above, we propose to discuss the modular system focusing
on the technological changes detected in product, productive process and supply system. The
paper presents a conceptual review that is complemented by the field research. The approach
discusses the three dimensions of modularity (design, product and use), the outsourcing, the
proximity of suppliers and the effects of modularity in the supply (see Figure 1). The results
are based on the GM’s modular plant in South Brazil, the VW plant in Resende and other
plants mentioned in the text. The main data was collected in interviews with firms’ executives
in 2001 and late 2000; information published in specialized magazines and newspapers was
also considered.
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Figure 1: The Modular Strategy

MODULARITY

According to Baldwin & Clark (1997) modularity is a solution to conceive a modular
system (that means a product or a process of growing complexity). The modular system is
decomposed in parts (called modules or subsystems) that are projected and produced
separately although they function as an integrated set.  The authors say that this division in
parts may guarantee more flexibility for those who project, produce or use the modular
system.

Modularity in design (project)
The idea is to divide the development of a product or process in modules of activities,

which are then conducted in parallel. As a result, it reduces the total time of conception.
Simultaneously it can speed up the technological changes in the modules whenever the
supplier that are in charge of the development of the module is an expert in that technology.

As Baldwin & Clark explain (1997), the computer industry is a good example. The
rhythm of technological changes was accelerated, competition was enlarged and the inter
firms relations were transformed. While competitors, the modules’ suppliers had to find the
best solutions and performances for its modules. This competitive environment stimulated
joint ventures, technological alliances, financial agreements and partnerships among
enterprises, as well as the outsourcing of non-core activities.

In the automotive industry, modularity in design is not so popular. Baldwin & Clark
(1997) say that just a very small group of firms have assumed more responsibility for the
development of the modules. In this case, the authors suggest that the more freedom these
firms had to design its modules, the more competition would be generated among the
producers of the same module. More even, the competition would stimulate efforts to improve
the performance of the product and to add attributes. This would speed up the technological
changes and innovations in the modules and systems.

The modules’ suppliers are very specialized and highly skilled firms. Delphi, Visteon,
Bosch, Denso, Dana, TRW and American Axles, not to mention all of them, have total control
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on their technology and are able to define the best trajectory for it. So why the influence of the
assembler on the design of some components and modules is still so obvious?

According to some suppliers, despite the co-design is a current tendency, much
information used in the design comes from the assembler and it is still quite normative.
Maybe it means to loose the control over the integration of modules, which the assembler sees
as a strategic knowledge. Baldwin & Clark (1997) explain that when a firm assumes the
design of a module, it has to be in contact to all firms that will develop the other modules
because this interface is crucial for the success of the whole process.  By doing so, the
suppliers would get more than the assemblers are willing to risk.

Freedom to innovate in the conception of the modules is variable among the suppliers
and it seems to depend on the kind of product. As modules are composed of components, in
some cases the assembler provides the complete design of the parts and even indicates the
firms that may (or may not) be the sub-suppliers. An example comes from the VW truck. The
assembler defined the concept of the modules, the design of the components and also
indicated the sub-suppliers (tiers 2 and 3).

For the suppliers who have more freedom to innovate in design of the modules,
information usually refers to the attributes of the product. However, the executives said that
even when one assumes major responsibilities for design he will not have access to
information about the concepts of other modules. They consider that the assembler retains this
knowledge because it wants to preserve itself and also its supplier. And they agree with it
because quite often their firms are competitors - each single group has so many business units
that it could supply most of a car’s parts. Of course it would be good to know about the other
modules, as long as the others do not have access to your design. As it does not happen, they
prefer not to share information.

We had a different view on this issue during a visit to the VW truck’s plant in 2000.
VW had decided to integrate the air conditioner (a new attribute of the truck) with the cockpit,
a module supplied by VDO. As VDO does not produce air conditioners (AC), VW had to find
other supplier, like Denso and Valeo. The fact is that the winner firm would have to accept to
work in the design with the VW and VDO engineering. For VW, the presence of VDO in this
period would prevent further problems, because despite not having created the AC
technology, VDO would have to guarantee the assembly in the truck as well as its
functioning. In this case, the assembler plays a different role; it forces the spread of
technological information in the productive chain. The problem raised by this attitude, from
the point of view of the AC suppliers, is to share information with a firm that, who knows,
may become a competitor tomorrow.

Modularity in production
The concept modularity was first used in the computer industry a long time as a way to

produce different types of computers (Starr, 1965). The mass production system was not
adequate to satisfy the varied demands of the consumers so it was necessary to create a new
solution. Starr (1965) says that the division of a product in pre-assembled modules (sets of
parts and components) optimizes the final assembly and allows increasing the variability of
the product. More even, it does not increase the costs significantly.
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The final assembly becomes faster due to the reduced number of parts (modules) that
compose the product. The speed allows delaying the finalization of the product and as the
modules can be matched in different versions, the delay allows producing according to the
consumers’ needs. To sum up, the modular production allows reducing inventory of finished
products and more efficient response to the variations of the demand.  This reminds a current
concept, the mass customization.

To Baldwin & Clark (1997), the division of the product in modules simplifies and
speeds up the process of final assembly and due to that, it also reduces the lead-time. Arbix &
Zilbovicius (1997) explain how modularity may reduce the time of production of the vehicle:
the modules are now pre-assembled in parallel and not sequenced, like in the traditional
system.

Sako & Murray (2000) say that modularity in production means to separate the
standard tasks from the most complex ones. The complex tasks are then taken out of the final
line and pre-assembled as modules and then the use of complete modules in the final
assembly makes it simpler. Meanwhile the complexity is transferred to the previous stages of
the productive process; one gets extra time to correct defects, panes or even to modify the
scheduling.  Another advantage is the reduction of the final line extension, what means less
investment in equipment and in the plant.

The technology of process has a great potential to evolve, since modularity is a new
concept in the automotive industry. In the assemblers level, one finds results of technological
changes. GM’s plant in Gravataí benefited from all these advantages and also developed some
extra knowledge about the modular production. An example is the assembly of 5 different
modules at once: motor system, transmission, rear axle, fuel tank and exhaust system are
assembled in the same point of the final line.

Modularity in use
In this dimension, the modularity is applied to satisfy the necessities of the final user,

to allow him to choose the attributes and to configure his product (Baldwin & Clark, 1997).
The computer industry uses to split the product in three modules (operational system,
hardware and processor) in the development, production (assembly of the modules) and use of
the final product. The consumers can configure the equipment by matching operational
systems and processors to their need.

In the automotive industry, however, this dimension is not a priority. Modularity is
applied to solve problems in production. The modules are conceived to speed and to increase
the efficiency of the production, and this point of view does not coincide with the one of the
consumer (Baldwin & Clark, 1997). The author mentions the module cockpit, if it includes
also the interior and the doors. For those who project the vehicle, it is an excellent solution
since it is possible to reduce weight and to improve the functional performance. However, this
is not good for the final user, especially in case of defect in one part. The price to substitute
the whole module would be extremely high.  Therefore, the possibilities of the consumers
restrict to the choice of a few accessories as air conditioner and leather seats.

With Celta, its new car produced in Gravatai, GM signs an attempt to get closer to the
final user. A specific website was created in which the customer chooses the configuration of
the car. Besides 5 options of color, there are 4 versions to choose - attributes are the air



6

conditioner, electric blocking of the doors, heating system and some attributes valued in the
local market. Other accessories as the wheels trim, some external parts, electric control of
windows may be add by the retailer. According to an executive, in the next few months the
consumers will be presented to new choices for the seats and the motor; also a new design of
the panel will be launched. A 5-door version of the Celta is not planned for this schedule, said
the executive. At the Gravataí plant, GM has implemented another current tendency –
outsourcing – together with modularity and co-design. This idea will be discussed next.

OUTSOURCING

Lately the assemblers have increased the level of outsourcing in the production. To
outsource a module means that it is produced by the suppliers and not by the assembler.
Sometimes even part of the module’s development is transferred to the suppliers. Then, the
assembler can focus on more profitable activities like design of the platform, concept of the
vehicle, styles and motor system. Sako & Murray (2000) say that the assemblers diverge in
their mix of core activities.

The Brazilian plants are good examples of such variety. In VW truck plant, the module
suppliers do almost all processes, even in the assembly line. Meanwhile in other VW plants,
the suppliers do not participate on assembly. The executives explain that the car production is
a core business to VW and besides, the assembler is able to achieve lower costs than its
suppliers. The plans for the new Ford’s plant in Camaçari indicate that the assembler has a
different point of view. Ford has announced the highest level of outsourcing ever seen in a car
manufacturer. The suppliers of modules will participate on the final assembly.

For GM, on the contrary, the assembly should not be outsourced; it is a core business.
According to the executives the idea of having many suppliers supplying directly to the line
(as announced in Automotive News, July 24, 2000) is not feasible yet. They say that it would
be more difficult to guarantee the quality of the assembly process if it were made by anyone
else than the assembler. And it is a risk that GM is not willing to face in any plant - even in
Gravatai.

Concerning to this plant, it is interesting to mention the role of Lear (doors supplier) in
the Celta final assembly, since it was broadly announced. After the car is painted, the doors
are taken off the line and carried to another area where the Lear employees install locks,
windows and all components of the doors. After that, the doors are reconnected to the line and
assembled to the car. As the executives of Lear and GM explained, this parallel process of
door assembly could be made in the Lear’s plant (placed in the industrial condominium). The
reason for doing it inside the GM’s plant is to save time, either the lead-time or in case of
having to solve problems.

The outsourcing of production or development of a module is a critical question for
the assembler as it affects the supply chain directly. The point is who will assume the task of
the assembler. In the Gravatai plant, the GM’s main suppliers are called partners. It means
they must be financially, productive and technologically qualified to participate of the
development and to contribute to the evolution of the car. The level of outsourcing in this
project, Blue Macaw, is higher than in any other GM’s plants in the world. The motor is the
only part produced and delivered by GM, as many suppliers produce most of the car’s



7

components and delivered by a few of them. The Table 1 shows how GM defined the 17
modules and suppliers.

Table 1. – GM’s Suppliers in Gravataí

MODULE SUPPLIER
Blanks Zamprogna
Small stampings Polyprom
Fuel tank IPA
Glass Sekurit
Seats, headliners, doors Lear
Cockpit VDO
Plastic components Pelzer
Cooling system and air conditioner Valeo
Mounting elements Fanaupe
Air cleaners Sogefi
Headlights Arteb
Tool kits Bosal Gerobras
Wheels and tires Goodyear
Front and rear suspensions; rear axles Delphi Chassis System
Brake and fuel lines TI Bundy
Carpeting and insulation Inylbra
Exhaust system Arvin

This list indicates that some modules are not complete sets of components, neither
complete parts of a car. For instance, why does GM consider the mounting elements, the
small stampings, the carpeting and insulation and the plastics components as modules? The
idea, said the suppliers, is to have just one supplier for each kind of component.

The decisions about the suppliers’ choice do not restrict to their technological and
productive capability. As we have noted in interviews, the commercial agreements are also
important because sometimes the assembler negotiates a supply contract with a firm for more
than one project. Concluding, previous contracts do interfere in the choice.

In Celta, several parts were carried over from the Corsa project. So they are common.
But it does not mean that the supplier of Corsa is the same as the Celta one. Why? The
answers mention costs and quality. It is interesting to know why Arteb does not join the
headlights to the front-end plastic parts (made onsite by Pelzer) and supply them as a pre-
assembled module. Arteb already makes it in the São José dos Pinhais plant. One of the
reasons, said the executives, is commercial.

Besides the outsourcing, the modular production depends on the geographical
proximity of the modules’ suppliers. As we will discuss next, it seems to be a growing
tendency among the assemblers.
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PROXIMITY AND THE NEW SUPPLY SYSTEM

In order to guarantee that the modules will be delivered without delay, the assembler
attracts them next to its plant. More even, as the operations in the assembly lines are planned
to be as leaner as possible, the modules must be delivered just in time. And in case of any
quality problem, it has to be solved immediately (Salerno, Dias & Zilbovicius, 1999).
Therefore, it is crucial to have the module suppliers as close as possible.

In Brazil, the geographical proximity of the main suppliers is evident among the new
modular plants, although the assemblers have different approaches like the industrial parks,
the industrial condominiums and the modular consortium (Dias, 1998).

In Gravatai, a city 1000 km far from Sao Paulo (the traditional area of automotive
production in Brazil), GM has created an industrial condominium. From the 17 productive
suppliers, 16 are onsite - the other firm is placed in the nearby. The 16 firms are based with
productive plants in Sao Paulo or Minas Gerais, where they produce most of the components
of the modules. Their units in Gravataí are dedicated to the production of Celta (see Table 2).
Some parts like plastics and stamping components are totally made in the condominium.

Table 2. – Activities of the GM’s Suppliers at the Gravataí Plant

Supplier Activities in the Gravataí Plant Employees/
Shifts (in April
2001)

Arteb Production of some components (injection of plastic and
metal painting) and module assembly

42/2

Arvin Final assembly of the module 10/1
Delphi Final assembly of suspension and axles 30/1
Fanaupe Storage of materials (production to start in a few months) 5/1
Goodyear Assembly and balance
Inylbra Complete production of 4 items; partial production of 9

items; assembly
44/2

Ipa Production of components; module assembly 40/2
Lear Assembly of doors and seats 131/1
Pelzer Total production of all items 170/3
Polyprom Stamping  and assembly 50/2
Sogefi Production of injected parts; assembly 15/1
Valeo Assembly 15/1
Vdo Assembly 45/2

As it was broadly announced, these and other service suppliers share common costs.
And this was one of the arguments used by GM executives to convince the firms to follow it.
Also, to be qualified as modular supplier in an innovator project is a previous certificate of
capability for any firm in the current auto business. The incentives guaranteed by the local
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government were another good reason. Finally, the costs: if the module were assembled in
Sao Paulo, the supplier would have higher logistics costs.

This last reason also explains why the modular suppliers do not intend to extend the
modularity to their sub-suppliers. Although modularity is a growing trend in the sector, it is
more evident among assembler and first tier suppliers than in the others tiers. The evidences
of such idea being transferred to the second tier are few, and they become rare if you look at
the subsequent tiers. Besides, most of the components of a module are still supplied and
produced as spare parts. Why does it happen? The executives mentioned three reasons:

1. The first tier suppliers do not want to but subassemblies because they consider the
assembly of components as a core activity.

2: The first tier suppliers do not want to receive subassemblies because it would
increase the logistic costs. The transport of spare components is cheaper because they can be
arranged in a way to save space. Large volumes mean bigger costs and lack of competition.

3: The first tier suppliers do not want their suppliers to produce subassemblies, they
prefer to keep on buying spare parts. The idea is have as many qualified suppliers as possible
to each part because the concurrence among them is seen as a “healthy” weapon in
negotiations - in favor of the first tiers, of course.

Another experience was told by a VW, Maxion, that supplies two modules chassis and
wheels. The advantages of such relation, said the executive, are the chance to add more value,
the long period commercial guarantee and the chance to increase the production scale. To
incorporate or to develop the new technology (to assemble the modules) is not the most
difficult part. It is worse to guarantee the quality of parts that were not made indoors, also to
guarantee that the module would function properly. The management of the supply chain, the
scheduling of supply and production are the problems. Sometimes the assembler keeps on
buying the spare components or materials to help the supplier. For instance, the electric
components used in the VW truck panel. But it is quite rare.

In Gravataí, GM had to develop a new system to transport the modules from the
suppliers’ plants up to the exact point where they will be used in the final line The transport is
made by the dollies (as the small wagons are called) that are driven by the employees of TNT
(the logistic operator). The dollies carry most of the modules, except the wheels and seats
(carried by trucks due to their large volumes). Several dollies leave the suppliers’ plants
during the day, usually in every hour. Each supplier has a specific kind of dolly, since it
carries the exact amount of modules and components that will be used in the next hour of
work at the assembly line. The flow of dollies in the condominium was planned based on the
GM’s production flow – for each module, there is always a dolly in the final line while a
second one is being finished at the supplier’s plant and a third dolly is circulating in the
condominium. In this system, there is no inventory of modules in the GM’s plant; it is in the
dollies.

However, the suppliers have to keep some inventory in their plants. In fact, they have
two kinds of storage: the security one (almost finished products) that is used in case of
machine or logistic problems, and the contingency one (pre-tested products, quality ok, ready
to be used in the line). For those suppliers who just assemble components in Gravataí, the
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levels of storage tend to be even higher. Each firm has its level for both inventories pre-
defined by GM and has to follow the planning.

The need of higher inventory level in the Gravataí plants (in comparison to the São
Paulo plants, where the components are made) does not seem to be a problem for most of the
suppliers. They are not worried about it now. Just one of them mentioned a program in which
it could transfer the inventory to its suppliers. The other suppliers are more dedicated to avoid
the final line to stop (because of a supply problem).  The inventory level becomes, at least in
this moment, a secondary issue.

From the point of view of the productive process, the preliminary findings showed
more evidences of technological changes in the assembler level than in the first tier of the
supply chain. It  According to these firms, the module suppliers, the process of sub-assembly
does not demand a considerable effort to add or to generate new technologies. The firms are
used to incorporating new technology as far as it is an equipment or so on.

However, at the same time, they face more difficulty in managing their own supply
chain. This is the area of knowledge in which they feel more vulnerable because it demands
more radical changes. The fact that there are many unsolved problems in this field indicates a
great potential for technological changes.
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