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Abstract

Case studies were carried out on various automatilgstries pertaining to Indian scenario, appi@abf lean
production and labour controls in the Chinese itgusontext, the Japanese approach to the Supminch
management, Brazilian industry and an overviewafofa production system the case studies wereecaotit
by adopting the various research methodologiesessridbed below. The first step of our research teas
conduct comprehensive literature review in ordecdlect information on fundamental lean principlégter a
comprehensive literature review, a questionnairgesucombined with interviews were considered tothoe
most appropriate method for investigating impleragah status of fundamental lean concepts in th,Us<
and Indian automotive companies. We, thereforeideecto carry out a postal survey in view of itoééncy
for this kind of research with regard to the resesrneeded. The study was mainly restricted tonzative
industry. The target population for this study vege auto manufacturing companies including batbimal
equipment manufacturers (OEMs) and tier one (andifer two) suppliers

The survey questionnaire was mailed to 120 randaalgcted major auto companies in August 2004. & hes
companies represented a broad cross-section @uteeindustry in USA, UK, and India. The survey eorg
letter promised anonymity and clearly describeddbgectives of the study. Further, companies weoensed

to provide summarized results of the study in otdeznhance the number of replies. Initial respphewever,
was exceedingly poor. Companies who did not respadiedt six weeks were sent a follow-up letter alovith

the questionnaire.

Finally, the number of valid responses that we dsednalysis was 56 amounted to a response raeoohd 50 per
cent. Later, it was decided to undertake an infd@ptestigation in order to capture the level oflerstanding and
extent of adaptation of lean principles and tobisour detail investigation, we decided to intewia few managers

of each major automotive company, observing comppager work, observing practices to get more clear
understanding, attending review and problem-solviregetings, and having unstructured discussion widimagers
and engineers. A detailed report was prepared efteh interaction and sent to the respective masagke aim of
the in-depth investigation process was to explonmore detail the issues that were covered inuheesy.

In particular it provided the researchers with tipportunity to probe issues such as problems apaédiments in
adoption of lean principles. It also ensured thiatjaestions were interpreted correctly. It allothie validity of the
answers to be assessed and minimizes perceptsal bia

In this particular study, four core areas of auto manufacturing such as; production system, product development
process, supply-chain management, and managenydamtvegre identified to investigate the lean impleagion
process. Further, we captured the fundamental diorable) principles of lean manufacturing (or JPt&ased on
the literature survey and the authors’ industriatking experience.

The Findings and critical observations reflectéffecacy of application of lean management in thauistry scenario

Main findings of case studies on quantifying lean manufacturing and its effectiveness on auto industry

The findings of this paper presented on the sulmsectbelow were drawn from a case study conducteth f
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October 2006 to October 2008 in MMC AutomotoresBtasil Ltd (MMCB), a Brazilian limited liability gvate
company that assembles Mitsubishi vehicles focumedhe upper classes. MMCB was founded in 1996 iand
located in the municipality of Cataldo (Goias).2007, the company had 1,974 employees, a totalair650,000
square meters and assembled 25,844 vehicles.

This company was chosen for study because it iiitess two trends in the Brazilian automobile indu$tom the
mid-1990s onwards: it is a factory located far frtra metropolitan region of Sdo Paulo and its-tiest suppliers
deliver subsystems, following the tendency towadhdsadoption of modularization.

Cotril Motors Ltd and Tokyo Comércio de Veiculosi . MMCB"s dealers located respectively in Goiania (Goias)
and Brasilia (Distrito Federal), were also survet@dnalyze their relationship with the automakea the degree of
information exchange.

Several MMCB suppliers were located in Cataldohsag Still Revest Ltd, a firm that produced steglipment to
be used in the paint shops of the assembler; PPG Industrial do Brasil Ltd, a company specialized in producing paints
for automobiles; Formula R Pneus, the tyre supplier; and HPE — High Performance Equipment, a firm owned by
MMCB and specialized in making changes in Mitsubmbdels to improve their performance in rally catipons.

Moreover, although the plant was owned by MMCB, kypes from Weldmatic Automotives Ltd, RCM
Engineering & Industrial Solutions Ltd and MVC Coomentes Plasticos Ltd worked inside the factory.

WeldmaticAutomotives Ltd supplied equipment andeitl assistance for weldingeostions; RCM Engineering &
Industrial Solutions Ltd provided consultation services to improve the efficiency and reduce manufacturing costs;
and MVC Components Plasticos Ltd designed and el&d/ plastic components for automobiles at MMEB
assembly line. During the fieldwork survey, thehmutcould observe the activities of these supplard their
interaction with MMCB.

Nonetheless, most of the components used by MMCi weported from the plants of Mitsubishi Motors.Qad
located in Japan or Thailand. Mitsubishi Motors had plants in Thailand (MMTh and MMTh Engine Catd)
that, in 2007, produced 165,853 vehicles, of wliioly 26,887 were sold in the domestic market.

In Japan, Mitsubishi had three plants for vehicl®dpction (Nagoya Plant, Mizushima Plant and Pajero
Manufacturing Co., Ltd — PMC), one for engine prctiitn (Powertrain Plant Kyoto, Shiga) and one for
transmission production (Powertrain Plant Kyotohjek produced a total of 875,698 and exported &ilyvehicles
(66,158 of which to Central and South America) @02 (Mitsubishi Motors, 2008). During the interview
conducted in MMCB, the logistics manager mentiotieat the relationship between MMCB and the Japanese
Mitsubishi Motors Co. Ltd was restricted to comni@réransactions, i.e., no financial aid was preddind no joint
problem-solving initiatives were implemented.

For the case study, interviews were also conduatélge Ministry of Development, Industry and Foreifrade, and
in the Brasilia office of Anfavea (Brazilian assatdn of automakers), with the purpose of analysiregrelationship
between the Brazilian government and automakepgogsly regarding the negotiation process andl¢hel of

information exchange.

Emphasison Coordination rather than Integration in Supply Chain M anagement

The importance of integration in supply chain maragnt is being overlooked in the Brazilian autortebidustry,
as demonstrated by the case study. MMEERey first-tier suppliers were located abroadeeglly in Japan, and the
factory was sited in an area remote from the intalstenters of Brazil.

Around 50% of the components came from Japan amdlafid by ship, arriving 120 days after being oedeat the
port of Santos (Sao Paulo), approximately 770 ksmfiCataldo. Components purchased from local firatbtb be
ordered 45 days in advance and they were delivieredwarehouse located in Osasco (Sdo Paulo), 68€dm
Cataléo.
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Suppliers delivering parts directly to the factorgre a minority. As a result, the company had tepka huge
inventory to avoid the risk of stopping the assgntinle. MMCB had 2 days of stock for imported compats and 5
days for domestic ones. Additionally, MMCB kept approximate 15-day stock of imported component#sin
Osasco’s warehouse.

The company did not share information with suppglier replenish components as they were used iageembly
line, demonstrating the lack of effort in introdugijust-in-time manufacturing. The KANBAN systemplamented
in the automaker’s plant, therefore, was not completed by an efficient process of information exg®with
suppliers and just-in-time deliveries, which resdlin huge inventory costs and low productivity.

Due to the low level of production volume and thisatisfactory implementation of the KANBAN systemarkers
waiting idly inside the factory were observed dgrthe fieldwork survey. This shows the low commibini kaizen
activities and the lack of effort to reduce nonweahdded tasks.

Additionally, excessive inventories may have beencealing problems in the production process. Tistauce
between MMCB and its suppliers hindered joint atitres towards problem-solving and was an obstacjast-in-
time deliveries. As a consequence of this oveeak lof integration in supply chain management,civapany was
not taking advantage of opportunities in the domestd regional markets.

An integrative approach to supply chain managenmeativates continuous improvements through jointligyia
control efforts. Just-in-time manufacturing presoggs a low level of defective parts, which demaalsntense
monitoring of suppliers. In the long run, howevierdecreases the need for final inspection andltesu quality

improvements. Since defects in components or detays cause the stoppage of the production protessyhole

supply chain network must be commitment to quadtgndards and punctual deliveries. In the absehsaah an
integrative approach in the factory, MMCB still heeconduct a thorough inspection after the asseilgrocess
and to keep large inventories.

Although it was said that workers at MMCB were tiied to perform different tasks and rotated regularlseveral
shops in the factory, such a multi-skilled work®reas not being utilized appropriately. One of thasons for
training workers to execute several tasks is tdexeha greater level of flexibility, as they canthensferred to other
stations or even perform several tasks at the sdati®n as a way to control fluctuations of demaritke fact that
idle workers could be observed in the factory réssézat the multi-skilled workforce was not beirf§iaently used
to cope with fluctuations in the volume of prodocti

Fieldwork data also showed the low level of infotima exchange between MMCB and its dealers. Thexg mo
joint effort towards decreasing the gap betweerpection and demand, due to the lack of a consigimtess of
information exchange between the dealership netwbekDepartment of Sales and the factory. The faatwring
process started before the Department of Salemef the sales forecast.

Dealers were not directly and formally involvectl® process of sales forecasting and kept larggsiat their lots.
Since dealers represent potentially a reliable gowf data about customérgreferences, this low level of
information exchange smothers a direct channeloafiraunication with the final customer. While undkee tLean
Production System dealers are responsible for atoi data on consumérgreferences and such information
becomes inputs for product development, in MMCBytbely conducted surveys on custoniesatisfaction. On top
of that, no significant information was exchangdéawt new models being released or future changexisting
models, because MMCB assumed that this could affiecsales of cars already in stock at dealers lot

The lack of surveys to access the preferencesmfurners and the impossibility to provide up-to-dafermation
about new models had a negative impact on the dgpEcadealers to provide a high quality service foistomers,
especially when one considers that MMCB is focusadthe upper classes, which are more demandingdn t
fulfillment of their needs.

Furthermore, although there was an effort to adbguial Management within the factory, informatiovadable to
blue-collar workers was insufficient, and the latgeource of data was only accessible to manathegh a real-
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time on line system.

This system showed all necessary information fonitooing the production process, such as: the nurob&TT
(First Time Through) cars; the number of defective cars; the stage that each car was at and the stage it should be at
the assembly line; the total number of produced cars; and the total number of cars that were already finished and
ready to be sold.

Nonetheless, for blue collar workers, real-timeoinfation was provided only through a large signtaatrthe end
of the assembly line displaying the number of poetlicars and the expected productivity for the ety and
through boards scattered in the factory showingtireect way to assemble parts. By overlookingitipgortance of
blue-collar workers training and by not providing the necessary raaétinformation for the shop floor, the
company was losing latent possibilities in termsaftinuous improvements, quality control and defeevention.

In the absence of significant R&D activities in tlBrazilian automobile industry, developing manufaictg
capacities is paramount for creating a competaisreantage. 3.1.2 Insufficient Channels of Commuitogbetween
Public and Private Sectors, Resulting in Ineffiti®olicies to Nurture Automakers with Low Produatigolume
The interviews conducted at the Ministry of Devetent, Industry and Foreign Trade and at Anfaveavsdathat
this Association was crucial in advancing the iests of automakers in negotiations with the cegmakernment.

It was said that the Brazilian government did negatiate directly with automakers and conferredtppermost
priority in negotiating directly with Anfavea. Thessociation, on its turn, tried to represent theseasual interests
of its members and did not include individual ded&aof automakers in negotiations with the governmen

Thus, the case study showed that Anfavea playedvaap role in advancing the demands of automakers
negotiations with the Brazilian government. Non&ths, the sole use of this pattern of negotiateomds to distort
the perception of the situation of automakers \ath production volume in Brazil. This becomes evitehen one
considers that four automakers (Ford, General Motdulkswagen and Fiat) are responsible for appnately 82%
of the entire vehicle production in the countrygiiie 3). An overall rise in productivity of the Biian automobile
industry conceals the existence of a large numbefirms that are not achieving a considerable vauof
production to reap enough benefits from economiesale. The surveyed company MMCB, for instancedpced
approximately 25,000 vehicles in 2007 and if it &vé&w maintain the same pace of expansion sindeutslation, it
would take several decades to reach a satisfaptoductivity level.

Table 1 reveals that the majority of automakerBriazil reported productivity levels below 5% of thational total
production, 7 of them (including MMCB) below 1%. drefore, although the successful revitalizationtho#
Brazilian automobile industry in the 1990s attrdcteveral automakers to the country, it is impdrtancreate
conditions to ensure that such firms will not witénd from the country, if the economic conditionsr&véo change.

The economic expansion of the Brazilian economy thedrecognition by several scholars of the greaikr the
country is expected to play in the international arena in the near future (Wilson and Purushothaman, 2003; Nayyar,
2008) created an environment of optimism and piaywst for attracting investment, but, at the sameticoncealed
several structural problems.

In fact, the analysis of the performance of theziian automobile industry in the past few yearseads great
reliance on the domestic market. Although vehiolpogts have increased, especially in the early 80a0s still
narrow if compared to domestic sales (see Figure 1)

This represents a threat to this industrial secoe to the domination of transnational firms. Wgd€90)

acknowledges the importance for developing nationsvite transnational companies into their coi@stto develop
knowledge intensive industrial sectors. Nonethelbssstresses the need to persuade such firmsofat asport
oriented strategies, as a way to stimulate themséoup-to-date technology and to constantly raisdygtivity and

quality standards to offer competitive productshi® international market.

In the absence of efficient export-oriented poficie the history of the Brazilian automobile indystransnational
automakers did not have to adopt up-to-date tedgyplbut rather only basic expertise and skillatliress the
demand of the incipient domestic market, resulimthe stagnation of this industrial sector in 1880s.
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In fact, import restrictions were the main poliayoated by the government to protect firms produdmg@razil.

However, the use of protective measures withoutoader policy framework to nurture the growth oégh firms
and to promote the economic development of theosesitowed companies with low technological contémt
prosper by supplying low quality vehicles to congsusnwith incipient demands.

Because the Brazilian domestic market was largepient, and overprotected by governmental impantribrs,
there was no motivation for firms to enhance thgiality or to adopt up-to-date technology. Althousgwveral
changes have been introduced to enhance prodyctind quality of the Brazilian automobile indussince the
mid-1990s, at the time of the case study the manket still protected by import tax, and automakeese still
primarily focused on the domestic market.

For the aforementioned reasons, it is necessarthéogovernment to engage in more active and divegbtiating
with private firms, adopting proactive policies ppomote higher levels of growth in the Braziliantauobile
industry. Since the Brazilian government has omelstnicted channels of communication with automakiees via
Anfavea, the interests of automakers with low prtidun volume in the country were not being met.

MMCB can be regarded as an example, since the amyriped low productivity and limited resources tpaxd at a
faster pace. In fact, MMCB personnel acknowledded the demand for Mitsubishi vehicles in the damesarket
was greater than MMCB production capacity. The Mercosur regional magkied represents a still unexplored
opportunity for the growth of the company.

Consequently, MMCB was expanding at a slow paceveasl not taking advantage of latent opportunitrebath
domestic and regional markets. In fact, therel@miapercentage of inhabitants per vehicle in thaziian domestic
market, which represents a great opportunity fgaesion.

In 2004, according to Sindipe¢ag006) database, there were 8.1 inhabitants gecleein Brazil. The rate is also
low in other South American countries (16.8 inhaiis per vehicle in Colombia, 10.3 in Venezuelm Chile and 6
in Argentina). On top of that, in 2007, MMCB repmat domestic sales of 4,845 Mitsubishi imported ¢felsi
(Anfavea, 2008), which represents further evidesfcéhe increasing demand in the domestic markeMitsubishi
models.

To increase the factory’s output to a significawel, however, a closer relationship with its kegtftier suppliers is
necessary. For this purpose, the involvement ofBitazilian government is of great relevance, ineorth provide
favorable conditions for the production of Mitsuiiengines as well as other subsystems domestically

Hence, by using only one channel of communicatigh automakers, the government is not properly esking the
demands of automakers with low production volumd #@ns questionable whether they will have a sustale
position in the long run. The case study also sfibthat MMCB was attracted to Cataldo mainly dudidcal
incentives and lower labour costs. MMCB receivestdl incentives from the local government, esphcidile
exemption of a value-added tax on the circulatibgamds called ICM Stand the reduction of the inipax.

Therefore, it could be argued that a number ofraat@rs operating in Brazil do not have a competitidvantage
in manufacturing and are merely taking advantage fafvorable environment. Under such terms, a stovidin the
Brazilian economic growth would result in the cawetion of the automobile industry and a new peraid
stagnation.

Furthermore, this policy of granting tax exemptidmsttract automakers to regions remote from Beazindustrial

centers also shows a still inefficient pattern oflaboration between public and private sectorsarls the
achievement of high level of industrial growth. Ttese study conducted in MMCB illustrates the ¢ffaf local

governments to attract investment to their munidipa in order to promote regional growth. Severtier states in
Brazil offered tax exemption as a way to attractomakers to their localities from the mid-1990s ands.

However, in some cases automakers were not folldwetheir first-tier suppliers, because incentivesre rarely
granted to subsidize the construction of suppliesw plants.
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On top of that, since supply chain management aziBfollows the Western approach and is focusedhmrt-term
relations, first-tier suppliers were reluctant hwest in new facilities that would create a greatependence on a
single automaker. As a result, this policy of taemption increased the geographic distance betweatamakers
and first-tier suppliers, further decreasing theslef integration in the supply chain network.

The following are some of the negative consequerafethis lack of integration: high inventory costew
productivity, incomplete implementation of the KAMB system, and the necessity to increase finaleospn of
assembled vehicles. For public policies to be naffective, a partnership between the local govemnaad the
automaker should be made, to attract key firstr-guppliers to the region and promote a highegllef/integration
in the supply chain network. In this manner, reglodevelopment will be promoted without jeopardigithe
integrity of supply chain networks.

The use of the term "Lean" in a business or theufgauring environment describes a philosophy ihedrporates
a collection of tools and techniques used intoliiiginess or in a an organization to optimize huresburce, assets
and productivity simultaneously improving the qtialevel of products and services to their custo(tgr

There is sort of conflict for taking the credit iofroducing lean manufacturing. Some say it wasridford who
introduced it and some other believes that it wasTa.
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