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ABSTRACT

In today’s economies, customer-driven markets égpee high demand fluctuations, turbulence of which
is often amplified by arrival of new products arelwntechnologies. To stay competitive under these
conditions automotive original equipment manufaetsifOEM) companies need smart technical
solutions for product development and quick adjesthof production capacities and functionalities.

For most of the past century automotive industiy fotlowed a single paradigm — mass
production — established by Henry Ford on the fatiogs of scientific management principles devetbpe
by Frederick Taylor. The mass production paradigwen with productivity improvements cannot
competitively sustain the auto industry. A glarex@ample is the American auto industry, where
manufacturing processes have become super-effi@emt low labor hours per vehicle), while othartp
of value-creation are neglected. As a result, ecusts have been alienated by being forced to make
compromised choices from a limited number of praglwhich do not satisfy their specific needs.

This paper argues for the importance of the custatiain approach for the future of auto industry.
It reviews current mismatch/discontinuity in thea@uotive business model by pointing out the
inefficiencies and inflexibilities of the currenalue chain.
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1. INTRODUCTION

Automotive industry worldwide is experiencing aiesy of competitive pressures which in the longrter
will lead to its complete transformation. In theostterm, however, these factors are causing a rumb
painful transitions, most visible in particulartire automotive North American sector [15].

For the past 100 years automotive industry has laesolid foundation of prosperity in many
mature economies. On one hand the auto industrgpiaadidly responded to the ever growing societal
needs for individual mobility by delivering its mhacts — automobiles. On the other — the use ofethes
products has profoundly transformed societies lowiging universal access to basic means of personal
transportation. Automotive jobs, similarly to maacturing jobs in general, have a big economic
leverage: each job in automotive companies is otedeon the average to 7 corresponding jobs in the
supporting industries.

Current difficulties in the auto sector are atttdhle to many factors, including globalization,
saturation of the mature markets, and commodizatfautomobiles, to mention just a few. According t
most recent predictions, number of cars on a glebale in use will reach 1 billion sometime beftre
year 2020. Today one statistical car falls for appnately 8 people (by 2020 it should be one per 6%
people) — these cars, however, are not evenlyildlistd. While car density is highest in the cowdtri
with advanced economies and corresponding infretstres (approx. 500-600 cars per 1,000 people), in
the poorest developing countries cars are much recaece (in extreme cases below 1 car per 1,000
people). In the developed countries continuing sidn of new automobiles is causing visible market
saturation; at the same time countries from the éod of the spectrum are striving to get more efith
and expand necessary infrastructures.

Automotive industry on the global scale exhibitssinof the characteristics of mature industries,
and consequently follows their business cycles.|&temand for cars remains strong, it shows definit
signs of slowdown (see Fig. 1) [19]. This exacezbatnpact of some existing issues, such as global
excess of production capacity, continuing industigsolidation, and strained relationships with diepp
and dealers.



:3,
ﬁﬂf@@
- z@%
g . B
+« 7
= T =3
- ; ; ; ; 1 5

e e sl e BCOg

Figure 1. Global population compared with globabgle per car statistic 1950-2004 [19]
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Figure 2. Global passenger car fleet compared giithal production of new vehicles, 1950-2004 [19]

2. NOT ONLY NEW CARS

Traditionally, the main focus in the auto indushgs been on the introduction of new products to the
market. That is where most of the publicity, medand consumer attention concentrates. Not
surprisingly, though, failure of automotive compemiis often blamed on the unsatisfying lineups of
product offerings. Consequently, a lot of autotseg@es also revolve around addressing specific etark
needs, understand market segmentation, and ideidih and targeting of specific customer needs.

Thus it is easy to overlook a simple fact that wtall current (2002 data) car production levels
amount globally to 57 millions (will grow to 76 ridns by 2020) [8], the actual majority of cars the
road will be older vehicles, most likely not drivby their original, first owner. The existence bétused
car market has been undeservedly ignored, espegia#n one considers individual customer perspectiv
(Fig. 3). What effectively matters for an individi@onsumer is not only the moment of acquisitioat b
the life-long use experience. Thus it is importanteview the content of that experience from uasio
angles. One of them, most commonly consideredheigdtal cost of ownership (TCO). TCO is a finahcia
estimate designed to help consumers (and entempasagers) assess direct and indirect costs refated
the purchase of any capital investment. In the raattve context, TCO denotes the cost of owning a
vehicle from the purchase, through its maintenaand, finally its sale as a used car. Comparativ® TC
analysis between various models help consumerssetmaar to fit their needs and budget.

TCO is an important, but unexplored metric. Givée ttontinuously shrinking vehicle content
provided by OEMSs, proper exploration of TCO compuramay effectively bring new sources of revenue
or the enterprise.



Most consumers, as well as businesses fail to statet and properly calculate the TCO and instead
rely on TCA (Total Cost of Acquisition) to make buog decisions. TCO often differs dramatically from
TCA, although TCO is far more relevant in determgnthe viability of any capital investment, espégia
with modern credit markets and financing. TCO algectly relates to a business's total profitayilit
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Figure 3. Example Total Cost of Ownership (TCO)abown over vehicle lifecycle (10 yrs/100,000 mi)

3. AUTOMOBILE CUSTOMIZATION

Concept of the core customization is not new inath® industry and was exercised by the car erdhtssi
for as long as volume-manufactured cars are availaButomobile customization refers to car
modifications in terms of either visual appearancg@erformance. Initially, the custom cars were enad
from the old “junker” cars by creating a combinatiof most powerful engines available (that woutd fi
into existing engine compartment) with the lightieatme and body set. These cars were a resultadifoa

of love, and their transformation process, whiléveeing striking and unique results, was also extely
time consuming and costly.

A very specific fan culture has developed surrongahese cars; they often were (and still are) also
an inspiration for car designers of the day. Witkerdual proliferation of high performance cars vhhic
became commercially available, customization hadirted. Increasingly, due in part to the growing
complexity of the engine and transmission technglagstomization efforts have been reduced in recen
years to appearance modifications.

A unique market serving these appearance modificaieeds has appeared, offering body kits — a
collection of exterior modifications, typically ceisting of bumpers, fenders, side skirts and spile
While originally body kits were offered by specdd aftermarket kit manufacturers (represented by
Special Equipment Manufacturers Association, SENAY needed to be applied in specialized body
shops, factory fitted body kits are becoming marsmon due to OEMs interest in growing their market
reach.

The automotive specialty equipment industry orifijneelied on racing and performance products.
In the early days of the industry, home-grown irtees created solutions to make cars go fasterhgis t
innovations proved successful, they were prolifmtatmong friends and competitor’s vehicles. Inimet
these home-grown inventors found themselves innlegsi The story has repeated itself again and again
and in the process spawned some of the biggestsambe industry today. The specialty equipment
market breaks down into three major segments:

* Accessories and Appearance 57%
¢ Racing and Performance 19%
* Wheels, Tires, and Suspension  24%

According to SEMA, the most surprising and yet mosportant factor driving growth of the
accessories industry is the “soccer Mom.” It's belaused to identify parents who use their vehittes
support and transport young athletes in a wide @asfgsports, not just soccer. The primary household
vehicle (SUV, minivan etc.) makes any such taskeeamnd does a better job when modified for the
particular situation. Whatever equipment (for spomusic, construction, etc.) the car is haulingan be
customized to do a better job.



Personal transportation is very important to Anmarkand as they find out that there are acceptable
changes that can be made to their vehicles thae rifgkeasier, more productive or just more furgyth
are willing to invest in automotive specialty equignt products. This trend is also in line with agal
product convergence process, best seen perhapledmoaic industry due to miniaturization, where
functions of multiple, independent products, dudteakthroughs in technology, are being merged into
one, multi-functional combination. Thus automobitge being increasingly equipped with a variety of
products, initially in the form of add-on enhancese which then become almost an integral parhef t
car interior. Industry studies estimate that 10-1&8hicle owners purchase accessories for theiocar
truck. Those truck drivers who accessorize, spendverage $1,500 per vehicle, and 80% of that amoun
is spent after the initial purchase. Accessoriestrfrequently acquired by the truck owners are show
Fig. 4. A few, less frequently encountered car @olas are shown in Fig. 5.
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Figure 4. Breakdown of aftermarket accessoriesdkup trucks

Figure 5 Examples of automobile interior enhancamea) laundry appliances (Ford),
b) pizza oven (RoadPro), c) tailgate grill, andldy space (Honda)

As the time spent by individuals in their automebilgrows, more of these enhancements are
expected to appear on the market, along with tbevigig amount of time spent in the automobile. Cars
always could offer a retreat from the outside woHdt long commutes are increasing some consumers'
desire for an increased level of comfort and coferare. That means a growing demand for the built-in
comforts equivalent to those available at home.

A lot of these enhancements installed in the cterior are competing for the car driver and the
passengers attention, thus creating an increasintdper of distractions. To counter these negatifectsf
cars are now increasingly being equipped with ¥arié safety enhancements, although not alwaykéo t
best effects.



4. COMPLEXITY OF AUTOMOTIVE PRODUCTS

Today's cars are very complex and technologicatlyasmced products. According to the Motor &
Equipment Manufacturers Association (MEMA) it takepproximately 3,800 different components
(identified by unique part numbers) to build anrage car. Many components, however, are used in
multiplicities (e.g., car has five tires), thusakes nearly 35,000 separate items to build each ca

High complexity of the automobile products and tharket pressure to reduce delivery times and
costs is making the OEMSs to turn in search forr@etyaof modular strategies.

Increasingly, vehicle contents is either electramisoftware-based in nature. As such, unfortugatel
it can bring 6 to 7 times more faults than normathanical parts. Initially all this technology dugped
the knowledge of the vast majority of service taciams.

Software controls now everything from radio tuning the fuel injection. More advanced
technologies found in luxury cars, such as assigtelling or emergency braking also rely on advanced
computing. Over the past 40 years car softwarednasgn from the primitive 100 lines of code to a
sophisticated 1 million lines, and is expectedrmagto 100 million by the year 2010.

Unfortunately, software technology is not someththgt traditional OEMs are comfortable with,
even though over 60% of new development effortdrarested in software. There are a number of issues
related to that, such as, for example:

e Electronics is continuously evolving

« Carmakers have not built up expertise in elect®aind software development

* Most of the on-board car systems are created advidoat makes them impossible to test
properly

< Increasing electronic content give more control/ekghip of the vehicle to the suppliers

5. CUSTOMIZATION AND MANUFACTURING

Over the past two centuries fulfilment of custormereds has turned full circle, i.e., from origigall
focusing on the (wealthy) individual, to focusing the product (and cost-effective manufacturingy a
now back again focusing on the individual customeahe Mass Customization paradigm and, to an even
greater extent, in the Personalized-Productiondigmna[16, 18].

The role of a customer role in relationship witlogiuct/service manufacturers/providers changes
with each paradigm shift. In Mass Production cugtonole is reduced only to making choice from the
(very limited) manufacturer’'s offerings and no oppaity to provide feedback; products are driven
primarily by production efficiency (which works lesgith no product variation).

Figure 6. Evolution of manufacturing paradigms (voé vs. variety)



In Mass Customization, the manufacturer has to ntla&estrategic decisions about the product basic
architecture (e.g., a “platform” in the auto indy¥tas well as the number of variations and optidrise
customer can only select the option that best Hisgher preferences and price. The Personalized
Production paradigm has a more complex decisionrgaedaction sequence, and in fact converges almost
to that of Craft Production, as shown in Figure 6.

Even though the goal of both the Mass Customizatiod Personalized Production is to create a
better fit between product offering and custome@rsferences by producing “build-to-order” products,
the strategic decisions by the manufacturer diffignificantly. In Mass Customization, the strategic
economic decision that the manufacturer has to nmltee number of variations and options. On one
hand the increased number of product variationss asmmplexity and cost; but on the other it also
increases the size of the market (number of patemtioduct buyers). In Personalized Production,
however, the typical product has a modular architec and the manufacturer’s decision is focused on
the number of product modules from which the custientan select their preferences and their streictur
Both of these decisions depend on the product basibitecture that allows economic product
configurability. The Personalized Production pr@ddhe enhanced involvement of the customer, when
the level of involvement and product price are échdEventually it also leads towards the reverme tHf
ideas about the products (from customers to matwis) in what is called “democratized innovation.

A typical model of the Mass Customization in autdin® industry area is based on the “option
package” [1, 2] For example, once the initial aotanufacturing market leveled off from its extreme
supply-driven mode, designers began looking for svey offer products that were different from the
norm but not so different as to significantly alteeir costs or their manufacturing schemes. Cdensa
started offering sets or “packages” of options ppeal to various niche markets. They maintained the
“standard” option of a fully functional vehicle, im addition also offered a “sports model” anditgly,

a “luxury” edition as well. The sports model mayenfa more powerful engine, different transmission,
tires, wheels, seats, and a distinctive paint sehdnt from the manufacturer's point of view, tiperss
model (even though its target customer is youngglsiprofessional) is still largely the same canas
originally designed for a family of four. The luxuedition attends more to comfort features whickhim
past included heating and air conditioning, bub aesthetic improvements such as furniture wood and
metal finished interiors, better sound dampeneerimits and powered controls. The marketing of aptio
packages which remains a business model in use/,tddauses more on the unique features being
offered; and these features may or may not actually significant cost to the end product. Options
packages do add to a manufacturer's menu of offerienabling them to reach markets otherwise
unaccessible without creating a whole new vehictgmm. And, through the option package model,
manufacturers are able to sell the packages at rhigtter markups to customers who want and are
willing to pay for the novelty of those unique fess.

In the option package model of the automotive Masstomization, many options are designed and
available, but only the product with the set ofiops which was ordered is eventually made. Whibenfr
the product design point of view this is still aspttype business model, from the manufacturing
perspective, it is a pull-type model (i.e., budtdrder). The combined design and manufacturing@sp
thus create a push-pull type business model.

Offering a range of options was a significant stigpin the marketing of products, but at this stage
the option packages are just pre-defined bundlesptibns. In reality the customer has only a lighite
number of choices. A customer cannot choose feafitoen one package and mix them with features of
other packages because it would cause signifiteihon the marketing, distribution, and manufaoiy
systems that provide them. Most manufacturers dafamachose not to) try to accommodate the buyer’s
desire for more choices since doing so increasestmplexity of their operations and reduces their
profit on the end product.

For example, at the Mercedes Car Group of Daimlgrélér customers can order their customized
cars according to built-to-order principle. Higlvéés of available variety are appreciated by custem
but lead to high process complexity. As a resaltstatistical terms, only two out of 500,000 vedscl
built in one of the DCX plants each year are idmitiFor a C-class sedan, customer can have naultipl
selections of:

Engines: 9
Steering system: 2
Transmission: 3

Country variants: 3
which results in basic 96 production variants. Aiddially, one can also choose from 80 options, 14
exterior paint colors, 5 interior colors, and 3dgpof fabric. All this leads to 6,635 thousandlitni



possible combinations just for a single model! @p bf these possibilities, customer still have an
opportunity to make changes in his order up to ysdaefore the beginning of production of a chosen
vehicle. All this flexibility places an extreme loi@n on the logistics and operation of manufactupitagt
[11].

One of the basic differences between the paradiglmass Customization and Personalized
Production can be observed in their respective uiugpoducts. In Mass Customization there will be
similar products in the market. With Personalizeddaction, on the other hand, almost every prodct
one-of-a-kind, because the customer is involvetisther product design. The modular product design
methodology found in the Personalized Productiaagigm enables its low-cost advantages.

6. GLOBAL POTENTIAL OF AUTOMOTIVE CUSTOMIZATION

Automotive OEMs have long recognized that for picithn efficiency, satisfactory product variation
flexibility, and control of new product developmertists they have to base their designs on modular
product architectures. Manufacturers are strivingoptimize the number of variants derived from a
limited number of basic platforms. The balancingraquires them to decide whether a limited plaitfor
strategy can deliver product differentiation whiégaining the benefits of economies of scale. Harev
moving it too far into cost-cutting territory maydkfire: customers sometimes perceive that toohmuc
modularity and components sharing yields too inligtishable products. Hence the development of
many “global” product vehicle platforms, which cha appropriately tailored to specific needs of loca
markets. However, these modular solutions are stowoming and not overly successful, primarily
because three major elements have to be effectinehed together:

* Vehicle architecture

* Interfaces

e Manufacturing systems.

An example of commonly defined architectural subsys in passenger vehicles is shown in Fig. ??7?

In general, components comprising the vehicle &chire, while essential from the functional paift
view, are in practice transparent (e.g., invisiblat expected as granted) to the customer and tafieat
the customer’s primary decision process while pasatyg it.

Figure 7 Elements of vehicular architectural frarag(GM)

While the physical product architecture can betnadly straightforwardly defined, major issues
appear in defining necessary interfaces, whichpamicularly acute when it comes to the electronic
contents of the car. These issues (in particulanticipated interactions between car modules and it
software) have become so complex, that finally stduis taking an adopting the concepts of open
architecture (AUTOSAR consortium) to enforce sommplementation standards and hopefully reduce



product complexity. Increased electronic contentthe vehicles is also setting much higher demand f
power, so corresponding power electronic systengs, (42 V power supply standard) also have to lie pu
in place.

The equally important issue in vehicle productisndevelopment of corresponding manufacturing
system. Vehicle manufacturing, however, is no lorgenatter of a single, vertically integrated OEM.
Increasingly, OEMs are taking on a role of finalsesblers or system integrators. Therefore
manufacturing systems are in fact vast, global supptworks providing necessary components for the
final assembly in time-coordinated fashion. Trawitil manufacturing facilities still exist, but hateebe
much more responsive to product changes and dem@rations. New concepts, such as reconfigurable
manufacturing are being developed, but it may ta@me time before they are fully accepted and
effectively used in industry. The trend towardssourcing and increasing role of the suppliers will
continue. According to [8] over the next 10 yearEM® will shed most of the activities formerly
considered as their “core” business (see Fig.uch ss powertrain and body manufacturing.

The proliferation of internet with the vast trovkinformation resources on one hand, and success of
companies such as Dell or Amazon on the other,pnafoundly transformed the consumer culture.
Consumers today are much more educated aboutphbegible choices, are used to instant access to
information and are using it effectively. This hagated customer expectations that also affect auto
industry. One significant element of the vehicley@sition procedure can be also shared globally,
primarily due to the ubiquity of the information cteologies. That element is the process of
customization/personalization of the vehicle topuechased. An example of such process is shown in
Fig. 9. Many alternative solutions have been predand are under development [6, 7, 10, 17].

Figure 8. Trend towards collaborative vehicle pitn: transfer of
manufacturing responsibilities from OEMs to supslifS]
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7. NEED FOR A NEW BUSINESS MODEL

Improvements in the vehicle design (Design-for-XtXDmanufacturing, assembly, etc.) and in the
manufacturing processes (through lean manufactwai similar initiatives) had significant impact on
productivity and today most leading OEMs spend Isimlow number of hours of total labor per vehicle
(that includes assembly, stamping, and powertrgierations). For example, General Motors reaches
34.33 hrs/vehicle, DaimlerChrysler — 35.85, andd~e86.98. Similarly, assembly productivity is ellyia
high: 23.09 hrs/vehicle at GM, 24.48 hrs at Fondd #5.17 DaimlerChrysler [12]. For comparison,
Toyota, which is an industry benchmark achieve8 2rs per vehicle overall, and 19.46 hrs in assgmbl
These productivity results are quite remarkablé nbost of their impact is eventually lost as thedurced
cars tend to sit on the dealers lots for 30-80 degising for an interested customer. Sometimes logck
of these unsold vehicles is even higher, but OEMd@gging the vehicles as “sold” as soon as they a
moved to the dealer inventory.

Obviously this is not an effective business mod#ider the current circumstances manufacturing
processes have become super-efficient, but the pthres of the value-creation process in auto conigsa
has been neglected and is causing a rupture. OEddisconnected from the customer and in the long
run cannot sustainably run such a broken businesein

As a fix to these woes, a build-to-order process lteen proposed [13]. The authors argue that “as
we enter the second automotive century, the winmdisnot be those firms that search for larger and
larger scale, or those that run efficient factqr@sthose that squeeze the last drop of profitsitfilom
their suppliers. The winners will be those thatldprroducts as if customers matter.” Their pregimip
however is still highly technical and relies oneetive control of a complex supply chain systermifsir
argumentation is also presented in [14].

However, the new, competing paradigms are slowlgrging. One, which is quite promising when
coupled with mass customization is the concepffefiog mobility instead of selling cars. Such cepts
has been adopted from other industries, such as@ace, and adopted to automotive specifics by.A. T
Kearney consultants and is currently under pralctiexelopment [9]. The idea relies on utilizatioh o
virtual enterprise, operating mostly via internéthmdirect delivery t the customers. However, iastef
selling products (automobiles) what is offeredusdtionality needed (e.g., mobility). Company basad
this concept, InDeGo plans to launch its operation2006 in the UK. It offers access to automolsije(
based on the need at a cost of 6€ per day andothpany’s management promises profitability on the
22% level (the most profitable automotive OEM isy®ta, which has 7% profitability). The company
plans to offer a bundled package of services andtaia lifetime relationship with its customers.hias
an ambitious plan to start delivering cars in 3rgeand become profitable in another 3. Under this
concept a number of broad issues, environmentintdogy upgrades, etc., can be handled much more
effectively.

On perhaps another end of the automotive spectm@mpkans by the Indian conglomerate Tata
Motors to launch “people’s car” which targets vgrgor segment of society. Tata’s plan is to offer a
rudimentary vehicle for the price of 100,000 rupék®,200). Development of that car model relies on
low-cost engineering skills. The car is to be maflsteel, composite parts, even reinforced wasepap
and based on spaceframe technology. Main comporeatso be held by held together by adhesive,
rivets or nuts and bolts. There are no plans ttudecair conditioning, perhaps even no windows. i€ar
treated as a commodity. This concept is now undeeldpment, and is promised to be available by 2008
The main attraction there is the vast expansiopaténtial markets. If carried out right, with TC® i
mind and sensitivity to the changing customer nes@s the long term, it may offer a winning solutio

These two concepts represent a radical departome thie current practice of automobile making and
marketing. Being around for over 100 years autoveotDEMs have perfected the car design and
manufacturing perhaps beyond what is actually rezggsto satisfy the customer needs related to
transportation, and find now themselves trappethén‘innovator’s dilemma” [5]. Extension of the two
new concepts by the mass customization princigbes® promising opportunities:

e Cars can be configured and re-configured basedioert customer needs

« Existence of a particular configuration is dictabgda period of need

« After a particular period of use cars can be eitlisassembled or reconfigured again
e Car technology can be readily upgraded

e eftc.

However, implementation of such an approach reguinedamental changes both on the consumer
and industry side. Consumer would need to accepbfia vehicle that he/she does not own and only fo



specific amount of time; his/her particular needsreéturn can be satisfied by adequately equipped
configuration. (Similar idea was also present ie tBM hydrogen-powered concept car Autonomy;
however after initial presentation of this concepbst upgrade efforts went into fuel cell drive, not
accommodation of varying customer needs [3]). le tbw end markets customers may acquire the
vehicles in the bare-bones configurations that teeyafford and then add enhancements as they lzecom
available and affordable.

Automotive industry, on the other had, becomes@ceindustry, aimed at satisfying individual and
temporary needs of multiple customers. It can na@ina fleet of vehicles which are loaned for specif
amounts of time and configured specifically to thistomer requests. After use the vehicles are kzshg
up for the next user, maintained and their techmplagpgraded.

8. CONCLUSIONS

Mass customization concepts in application to aotdbra products require not only completely new
product architectures, but also new way of condgctbusiness. There is, however, and enormous
potential that can be explored in such solutions.o®e hand, it allows the customer to focus onirequ
service of mobility. On the other, it transforme ttole of automotive industry into a service previd
Much works still needs to be done to refine suchcepts. It is also obvious that they will coexisthw
automotive legacy before they become viable.
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