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In December 1997, among the leading automobile manufacturers, Toyota
was the first automaker who succeeded in the mass production of hybrid
vehicles, Prius. Toyota perceived environment as a new keyword for the 21st
century and forecasted a strong rivalry among automakers in the era of an
environmental war. Therefore, Toyota attempted to develop technology
which will become a new global standard and which will guarantee the
company’s survival in the 21st century. Through the Prius project, Toyota
achieved two innovations: product and process. Furthermore, Toyota’s
development lead time had significantly shrunk to 15 months. Toyota
achieved these innovations by selecting a practical development direction,
hybrid as an interim product, and by managing development process
successfully. Effective integration under the talented chief engineer,
adequate channels of communication, and a shared-understanding within the
firm led Prius development to a success.
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1. INTRODUCTION
About a decade ago, the term, hybrid vehicle, was almost unheard of. In
March 1997, Toyota Hybrid System was unveiled. In December 1997,
among the leading automobile manufacturers, Toyota was the first
automaker who succeeded in mass production of a hybrid vehicle, Prius.
The Prius project, which aimed for a development of the 21st
century vehicle, started in 1993 under the command of Eiji Toyoda, a former
chairman of Toyota. Toyota perceived environment as a new keyword for
the 21st century, thus strategically began developing a vehicle with twicehigh fuel efficiency which produced significant less pollutants (Ikari, 2009).

1.1 Toyota’s Achievements through the Development of Prius
1.1.1 Product-wise
Sales of Prius in Japan began in 1997 and in North America, it
began in 2000. In September 2014, Toyota’s cumulative global hybrid
vehicles sales have surpassed seven million units (Toyota Global Site, 2015).
In 2014, for Toyota’s domestic car sales, hybrids account for more than
50%. As of 2015, Toyota offers 27 different hybrid passenger car models
and 1 plug-in hybrid model in more than 90 countries and regions. Toyota
Hybrid System has become a main component of Toyota products.
Furthermore, Toyota licensed its technology to Ford and Nissan (Schilling,
2006).
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[Figure 1] Worldwide Sales of Toyota Hybrids

Toyota’s profits skyrocketed that it topped $10 billion in 2006. On
the stock market, it became worth more than GM, Ford, and
DaimlerChrysler combined (Vaitheeswaran & Carson, 2007). In April 2007,
for the first time, GM was unseated as the largest auto company in the world
by Toyota in both production and sales (Hasegawa & Kimm, 2008).
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1.1.2 Process-wise
Lead time in product development was minimum 24 months before
Prius development. Post-Prius the lead time is on average 15 months,
minimum 10 months (Morgan & Liker, 2006)
1.1.3 New Brand Image:
Furthermore, Toyota was able to establish its “green” image
through hybrids. Toyota was ranked #1 as the Best Green Global Brands by
Interbrand in 2011, 2012, 2013 (Interbrand). In addition to their
functionality, hybrid electric vehicles symbolic benefits (Heffner, 2005).
The objective of this dissertation is to discover the “innovations”
that Toyota accomplished through its development of Prius, which secure
Toyota to be the world’s top automaker.
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2. LITERATURE REVIEW
2.1 Study of innovation, innovation management, models of innovation
Schumpeter (1934, 1939, 1942) was one of the first economists, who
emphasized the importance of firms’ innovation and new product
development. He called innovation a “creative destruction (1942),” and
asserted that entrepreneurs, especially large firms who had capabilities of
investing capital in research and development, drived innovation through
relocating their resources to new uses.
From 1980s, many other researchers started to focus their attention
to innovation. Researchers introduced several models of innovation.
Abernathy and Utterback (1978) studied the life cycle of many industries in
regards to innovation. Henderson and Clark (1990) divided technological
knowledge into the knowledge of the components and knowledge of the
linkage between them, “architectural knowledge.” Christensen (1997)
coined the terms, sustaining technologies and disruptive technologies that
disruptive technologies bring in a significantly different value to the world
for similar purposes.
Furthermore, some studies have been dedicated to the right
conditions for innovation to occur. Porter (1980, 1985) focused on market
conditions that market may facilitate or constrain firms’ innovation. Penrose
(1959) and Wernerfelt (1984) focused on firms’ own resources in developing
innovative activities. Prajogo and Ahmed (2006) analyzed the relationship
between

innovation

stimulus,

innovation

performance.
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capacity

and

innovation

As seen from above, in recent years, the topic of innovation has
been in the spotlight and many studies suggested the right matrix for firms’
innovation and analyzed the impact of innovation on the market.
2.2 Literature on Automaker’s Innovation and Product Development
There were some literatures which concentrated specifically in
automaker’s innovation and product development. Clark, Chew, Fujimoto,
Meyer and Scherer (1987) compared engineering hours and lead time of
Japanese, North American and European companies during product
development. They credited Japanese strength to the role of a heavy-weight
project manager and the strong involvement of suppliers. Clark and
Fujimoto (1991) elaborated these results. They researched twenty auto
companies in Europe, North America and Japan and researched the impact
of local market characteristics on automakers strategies, firms’ engineering
productivity, and lead time. They concluded that integrated problem-solving
abilities, customer-oriented attitude across the firm were major advantages
of the Japanese auto companies which led to efficient product development.
2.3 Literature on Toyota and Prius
Furthermore, there were literatures focused on Toyota. Kim (2009)
analyzed Toyota and the company’s strength: the significance of Toyota’s
Just in Time production strategy, clusters, human resource management
strategies, suppliers and the Lexus project. Womack, Jones and Ross (1990)
identified major design methods that differentiated Toyota and the others: a
powerful project leader with strong authority, teamwork, early and
controlled communication, and simultaneous development.
5

Furthermore, there were some literatures which studied the success
of Prius project that Nonaka and Peltokorpi (2006) emphasized social
processes of the Prius development: strong top-management, and linkage of
knowledge resources. Niihara (2010) analyzed the impact of the allocation
of authority and the information flow within the organization.
2.4 Limitations in Existing Literatures
However, despite the large amount of studies on innovation, Toyota
and Prius, there is lack of studies which analyze Prius development from the
standpoint of Toyota’s strategic intention, the uniqueness and rationality of
the development process, and the ever-lasting impact that this innovation
brought to Toyota and to other automakers.
Therefore this thesis analyzes:
1. Toyota’s strategic intention in developing a new hybrid drivetrain
and in commercializing a new hybrid vehicle.
2. Toyota’s “innovations” and how Toyota achieved its “innovations”
while other automakers could not.

6

3. METHODOLOGY
In order to analyze Toyota’s strategic intention in

developing and

commercializing Prius and a new hybrid drive train, this thesis investigates
Toyota’s external environment in mid-1990s with Porter (1980)’s five-force
model. Furthermore, the concept of strategic positioning introduced by
Porter (1996) offers further insights into Toyota’s decision to invest in
hybrid vehicles.
Moreover, to find out the reason why Toyota achieved its
“innovation” while other automakers could not, this paper investigates other
auto

makers

(Honda,

Daimler-Benz,

the

Big

3)’ strategies

on

environmentally friendly vehicles and compare those with Toyota’s strategy.
Moreover, this paper compares process management procedure shown in the
GM-10 project and the Prius project in order to emphasize Toyota’s
company-wide integration.
To gain information on the development process, this paper mainly
utilizes documentary materials on the development process, internal reports,
interviews of the participants, and published articles and books.
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4. ANALYSIS
4.1 What was Toyota’s Strategic Intention in Developing a New Hybrid
Drivetrain and in Commercializing a New Hybrid Vehicle?
4.1.1 Porter (1980)’s Five-Force Model: Assessing Toyota’s external
environment in mid-1990s
According to Porter (1980)’s Five-Force model, expecting a rising threat of
new entrants and substitutes, an increasing bargaining power of suppliers
and buyers, and fierce competition among the automakers, Toyota pursued
development of a hybrid electric vehicle. Toyota placed the project on top
priority and allocated its resources heavily in order to be the first company
who introduces a global standard which will guarantee Toyota’s survival as
a top automaker in the 21st century.
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[Figure 2] Porter (1980)’s Five-Force Model: to assess Toyota’s
external environment in mid-1990s
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Threat of New Entrants
Since automotive industry is a high-technological industry and it
requires a vast amount of capital in order to enter and operate in the market,
the industry is perceived to be the one with low threat of new entrants.
However, Toyota foresaw the new market which might be created in the era
of electric vehicles due to a “disruptive innovation (Christensen, 1997).”
Christensen (1997) claims that disruptive innovation may provide a rise of
new entrants in a specific segment of the market, where the original players
tend to neglect. For the 21st century auto industry, it is a (hybrid) electric
vehicle market. Toyota’s development and commercialization of hybrid
vehicles which preceded any other automakers’ engagement was intended to
successfully deter new entrants in the 21st century.
Threat of Substitutes
Similar argument applies to the threat of substitutes. At the idea
generation stage of Toyota’s development of the 21st century car, crude oil
price remained at a relatively constant level at 15 to 20 US dollars (Forbes,
2004). Therefore even in Japan, which imports all of its oil from the outside
world, private transportation was a relatively cheap and convenient way of
mobility. However, Japan in the past had suffered greatly from the two oil
crises in 1970s (Koyama, 2013) when the oil price reached its peak at 35
dollars. Furthermore, Toyota has predicted that with a growing number of
population and an increased automobile ownership, oil may deplete even
before the 2050s (Ikari, 2009). Consequently, Toyota forecasted that other
means of transportation such as public transportation may rise as a threat to
Toyota in the era of high oil price especially in a non-oil producing country
10

such as Japan.
Bargaining Power of Suppliers
Toyota has maintained a close partnership with its suppliers through
its Keiretsu system (Liker and Choi, 2004). The company excels in
procurement activity that under the Toyota pyramid, there are part suppliers
(kyoho-kai)

and

production

equipment

manufacturers

(Eiho-Kai).

Furthermore, the demand-pull and JIT system extend down to its suppliers
(Kim, 2009). Thus, the bargaining power of suppliers had not been a
concern for Toyota that Toyota understood its suppliers and its suppliers
improved and prospered along with Toyota.
However, Toyota predicted this relationship may be disturbed in the
era of EV because if Toyota does not produce on its own, the company will
rely entirely on its suppliers for key “electronic” components for its hybrid
electric vehicles. It was 1995 that Toyota first established a separate division
with a word, “electronic,” the Electronic Technology Division. Thus before
the development of Prius, Toyota had purchased “electronic” components,
for example batteries, electric motors, wire harnesses, and audio
components from its suppliers in its Keiretsu such as Denso and Aisin-Seiki
(Ikari, 2009). However, a shift to EV increases demand for electronic
components that engine and transmission will be completely replaced by
motor and other electric components (Ikari, 2009). Furthermore, Toyota
feared that without the knowledge of those components, the company
cannot calculate cost, thus inevitably, suppliers’ will acquire power of
determining their selling price (Itazaki, 1999). Therefore, Toyota calculated
that without an in-house ability to produce electronic components, Toyota
11

will depend heavily on its suppliers and suppliers will have an increased
bargaining power.
Bargaining Power of Buyers
In the automotive industry, bargaining power of buyers has been
strong and will remain strong in the future because it does not cost much to
switch from one brand to another or one vehicle to another because auto
brands offer similar line-ups. Furthermore, consumers can switch easily to
other types of transportations.
Rivalry among Existing Competitors
Lastly, Toyota forecasted that a strong rivalry among automakers
will increase in the era of an environmental war. As mentioned earlier, in the
era of disruptive innovation (Christensen, 1997), a new “dominant design,”
(Suarez & Utterback, 1995) may arise. Therefore, in order to survive in the
EV era, auto companies will attempt to develop technology which will
become a new global standard. According to Itazaki (1999), Toyota was
well-aware that the company which succeeds in developing the next
standard technology will successfully safeguard its position in the future as
a top automaker. On the other hand, companies without the standard
technology will lose its market share and become assemblers.
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4.1.2

Porter

(1996)’s

Strategic

Positioning:

Toyota’s

strategic

positioning
Porter (1996) distinguishes operational effectiveness and strategic
positioning that effective operation means a better performance of similar
activities by the firms and strategic positioning refers to a difference in
activities performed or a different way of performing similar activities.
From 1940s, operational effectiveness such as continual improvements
(kaizen) in its primary activities of the value chain, a lean manufacturing
system with Just-in-Time method has been Toyota’s importance source of
profitability (Kim, 2009). However, as Porter (1996) claims it is hard to
improve and upgrade operational effectiveness over an extended period
because its competitors can imitate these tactics relatively easily. Thus
Toyota needed a new strategic position.
Toyota’s former strategic position
Strong Dealership and Sales of Compact Cars
Under Shotaro Kamiya, in 1930s, Toyota started building its dealer
system across Japan and by 1938, Toyota was able to establish a nationwide dealership with one dealer in each prefecture. In 1950, Toyota founded
a separate sales company; Toyota Motor Sales Co. Kamiya prioritized
interests of customers that his philosophy was "Customer first, dealer
second, manufacturer third." Door-to-door salespeople visited customers
and not only sold vehicles but also embraced customers’ needs back to the
company. After establishing the Toyopet channel in 1956, Toyota created
Corolla, Auto and Vista channels where each channel sold vehicles
according to price range, in order meet customers’ needs more effectively.
13

Complete customer-oriented sales made Toyota to become a market leader
in Japan for decades (75 years of Toyota, 2012).
Toyota has exceled in manufacturing subcompact, compact, midsize cars. Toyota started selling small-sized vehicles under the name
“Toyopet” since 1947. The word, “Toyopet” came from the relatively
smaller size of vehicles sold by Toyota. The line-up included passenger cars
to light trucks. Furthermore, since its introduction in 1966 in domestic
market, Corolla, a compact car, had been the best-selling car of the year for
33 consecutive years. In 1997, the Corolla became the world’s best-selling
nameplate (75 years of Toyota, 2012). As according to the phrase, "Nissan
of technology; Toyota of sales,” Toyota surpassed its rivals through strong
sales of smaller cars suitable for daily driving.
Increase in competition and fall in profit
However, by 1995, other companies successfully entered in a
subcompact and compact car market. Toyota’s existing strategic position
was threatened that as Porter (1996) claimed Japanese companies were
excellent at imitating one another that they offered similar products, and
they utilized similar distribution channels, which inevitably resulted in price
wars. Honda introduced its vehicles such as Fit, Civic and Accord. In 2002,
Honda Fit was the best-selling car of the year in Japan which meant the loss
of its leadership for Corolla first time in 34 years (75 years of Toyota, 2012).
Furthermore, a performance crisis in 1993, in which Toyota’s pretax
profits were at their lowest since the 1982 level, and Toyota achieved below
40% market share in Japan in 1996. These events enlightened Toyota on the
importance of a new strategic position for the 21st century (Hasegawa &
14

Kimm, 2008).
Toyota’s new strategic position
Automobile and Environment
In 1970 the United States mandated a series of regulations under the
“Air Pollution Prevention Law” in response to severe air pollution in
California (US EPA). In 1968, the Japanese Government also introduced
“Air Pollution Control Act” which installed several sets of emission
standards for vehicles (Japan MOE). Furthermore, the California Air
Resources Board (CARB) mandated two percent of vehicles by 1998 and
ten percent of cars sold in California by 2003 zero emission vehicles (ZEV),
which are battery electric vehicles, or fuel cell vehicles. However, pressured
by auto companies, the CARB eventually eliminated the 1998 requirement
but the policy prompted automakers to allocate more resources into
developing environmentally friendly vehicles.
Toyota and Environment
In response to California’s ZEV policy, in 1992, Toyota introduced
the Toyota Earth Charter which established Toyota's philosophy and policies
on environmental issue (Toyota Global Site, 2015). Furthermore, Toyota
created an EV development division in the Vehicle Development Center III
and three years later, commercialized its first electric vehicle, RAV4L-EV
(Ikari, 2009).
Prius Development and a New Strategic Position
Furthermore, Toyota viewed this opportunity as to strategically re15

position its vehicle in the market. Toyota combined its existing strategy,
production of a compact car with high operational effectiveness and sales
through its dealership channels, with major issues for the coming century
such as CO2 emission and oil depletion. Through Prius development,
Toyota intended to re-position its brand as an environmentally conscious
automaker with a global standard technology.

4.2 What were Toyota’s “Innovations”?
From the start of the G21 project, Toyota aimed for two types of
innovations: a 21st century car and a new process of developing cars for the
21st century (Itazaki, 1999).
4.2.1 Toyota’s Product Innovation: Toyota Hybrid System and Prius
Toyota achieved product innovations: Toyota Hybrid system (THS)
and Prius.
Toyota Hybrid System: component and architectural innovation
THS entailed development of new components such as a high fuel
efficient and ultra-low emission engine, electric motor, IGBT inverter,
radiator, regenerative brakes and batteries for hybrid vehicles.
New Engine for the 21st century car: For Prius, Toyota developed a
new 1500cc engine which was to replace the existing E-type engine. Unlike
a gasoline car, engine of the hybrid vehicle stalls during the stop, thus
challenges for engineers were to reduce engine vibration during starting and
stopping. (Itazaki,1999).
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Electric Motor: Two electric motors are the main components of
THS. However, at Toyota, almost nobody had built or analyzed motors,
therefore, in developing a hybrid vehicle, the company was split between
the pro-purchase group and the pro-manufacture group. Eventually the
company settled on producing motors in-house. Based on RAV4-EV motor,
Electric and Hybrid Vehicle Engineering Division designed the motors
especially for hybrid vehicles (Itazaki, 1999).
IGBT: IGBT is a semiconductor used for an inverter which switches
battery’s DC current to an AC motor. According to Itazaki (1999), Toyota
foresaw that this component will become the heart of the car. “It is as
important as an engine or a transmission (p.214).” Hirose Plant was
assigned to develop the IGBT.
Radiator: Unlike a gasoline vehicle, in the hybrid vehicle, extra
radiator was needed to cool the heat from extra components such as the
motors and the inverter (Ikari, 2009).
Regenerative

brakes:

Although

Toyota

had

already

used

regenerative brakes in RAV4EV, the company developed new regenerative
brakes, which produced electricity while braking and restored back in the
battery. (Itazaki, 1999).
Battery: The battery for the RAV4EV was a 400-liter box which
weighed 450 kilograms. Thus, for Prius, Toyota needed to develop a
dramatically smaller battery with a power output per volume twice as high
as conventional batteries. Furthermore, the battery needed to be at its peak
on instant acceleration. This kind of battery did not exist in the world at that
time (Itazaki, 1999). Therefore, through a joint venture with Matsushita,
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Toyota founded “EV Energy.” By combining the advantages of both Toyota
and Matsushita, Toyota was able to improve quality and cost of its batteries
(Ikari, 2009).
Toyota Hybrid System as an architectural innovation (Henderson and
Clark, 1990)
An architectural innovation involves a significant difference in
interactions and the linkages of components (Henderson & Clark 1990).
The development of THS was an architectural innovation that
propulsion of a hybrid car differs from a conventional gasoline car.

For a

conventional gasoline car, an internal combustion engine converts gasoline
into power and transmits power towards the wheels. However, the THS
utilizes two components, a gasoline engine and an electric motor, for its
propulsion (Toyota Global Site, 2015).
In fact, Toyota did not follow any existing hybrid systems but
invented a completely new hybrid system (Itazaki, 1999). Toyota invented a
series-parallel hybrid system, which combined the advantages of the series
and the parallel system. The system depending on the driving conditions
alternates in using only the electric motor, or both the motor and the engine
to achieve nearly twice the fuel efficiency of conventional gasoline engines
(Toyota Global Site, 2015).
Since the first THS, Toyota has continued to improve the system.
Many different models of THS were introduced such as THS II, THS-C,
installed in Estima Hybrid minivan, and THS-M, installed in the Crown. In
2014, 27 different hybrid passenger car models and 1 plug-in hybrid model
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exist. The THS has become a main component of Toyota products (Toyota
Global Site, 2015).
Prius as a disruptive innovation
When Toyota introduced Prius for the first time, “some reporters
were hearing the word, hybrid for the first time (Itazaki, 1999, p. 350).” A
new hybrid vehicle with a new technology was a disruptive innovation
(Christensen, 1997) that it fulfilled similar market needs, but did so by
building on entirely new components and linkages of those components.
4.2.2 Toyota’s Process Innovation: Shortened lead time
Clark and Fujimoto (1991) analyzed planning lead time and
engineering lead time of Japanese, European and American automakers.
They concluded that Japanese averages were significantly lower than those
of its American and European counterparts in both planning and engineering.
Japanese required 14 months for planning and 30 months for engineering
while the European or the American needed 22-23 months for planning and
40-42 months for engineering. The total lead time of the Japanese
automaker was approximately 45 months.
However, in case of the Prius project, the development from an
early prototype to mass-produced vehicles took only 15 months (Nonaka &
Peltokorpi, 2006). To speed up the development process, Toyota introduced
organizational changes such as the “Obeya” system, front-loading, set-based
engineering, and simultaneous engineering. These new methods now enable
Toyota to expand its lines and renew products more rapidly, to cut cost and
to ensure quality.
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5. DISCUSSION
5.1 How did Toyota Achieve its “Innovation” while Other Automakers
could not?
5.1.1 Selection of a practical development direction
Cases of Honda, Daimler-Benz and the Big 3: Failed in choosing a
practical strategy:
Automaker

Development Direction

Honda

Electric Vehicle

Daimler-Benz

Fuel Cell Electric Vehicle

The Big 3

Focused on SUV

[Table 1] Automakers and their Development Direction
Honda
Until Toyota launched Prius in 1997, Honda was considered the
industry’s leader in environmental technology. In 1971, Honda succeeded in
developing low-emission engines using CVCC technology and became the
first automaker to meet the rigorous 1975 emissions requirements of the
Clean Air Act 1970 (Hasegawa & Kimm, 2008).
Honda began their initiatives in developing an eco-vehicle at about
the same time as Toyota in the early 1990s. The company’s ambition was to
develop a zero-emissions vehicle, an electric vehicle in this case. In 1991,
the first electric vehicle prototype, based on Civic CR-X was completed. In
June 1992, the company upgraded the project to the production-oriented
status. However, still there was a major problem that even at the prototype
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stage, the vehicle had a limited driving range of 25-31 miles, and Honda
was unable to draw solution for heavy battery’s impact protection. Honda
headed down the dead end and the prototype never reached the
commercialization stage (Hasegawa & Kimm, 2008). While Honda’s
project was drifting, Toyota commercialized Prius and in 1999, 2 years later
than Toyota, Honda released its version of hybrid. Honda lost its leadership
in environmental technology due to a failed strategy,
Daimler-Benz
In the mid-1990s, Daimler-Benz was another company who headed
down another dead end of hydrogen fuel-cell-electric cars. Along the
development, the company was faced with the similar problems that Honda
had faced: a lack of driving range and a lack of supportive infrastructure
(Vaitheeswaran & Carson, 2007).
The Big 3
As Henry Ford claimed “mini cars mean mini profits,” from 1960s,
the Big 3’s product concept was focused on “the all-purpose road cruiser
with a large body and engine” (Clark and Fujimoto, 1991, p. 37). Fuel
economy was never an issue for the Big 3. A boom in the SUV market in
1990s further propelled the Big 3 to invest bluntly in this market, which
stood far away from the fuel efficient, environmentally friendly technologies.
Vaitheeswaran and Carson (2007) states that the Big 3 blamed external
factors that competition from low yen value was unfair to the U.S.
automakers. Even after the Prius release, the Big 3 were reluctant to invest
in hybrids.
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Toyota’s Practical development direction
Leader’s role in determining a development direction
Focus on Environment
At “Toyota Environmental Forum," Toyota presented its stance for
the 21st century that “the auto industry itself must lead society by making
environmental efforts (Itazaki, 1999, p. 353),” and Toyota will position
“environment” as the company’s top priority issue. Toyota’s embarkation
on environmental technologies began with Eiji Toyoda, then-chairman of
Toyota. In late 1980s, Eiji Toyoda feared that Toyota was becoming
complacent. Therefore he tried to introduce a sense of crisis within the
company (Vaitheeswaran & Carson, 2007).
Hybrid as a “practical interim product”
Toyota’s long-term priorities were environmental issues and
environmentally friendly technologies. As a mid-term solution, Toyota
decided that the company needed “an interim product,” which should be
commercialized before the start of the 21st century (Vaitheeswaran & Carson,
2007).
President Shoichiro Toyoda executed a new project, G21. The
management implemented two strict targets: a two-fold increase in fuel
efficiency and commercialization of a new vehicle in 2 years. Initially, G21
proposed a 1.5 fold increase in fuel efficiency with a conventional
combustion engine. However, the management declined the suggestion and
implemented a strict target of a two-fold increase in fuel efficiency with a
hybrid system (Ikari, 2009). Furthermore, they mandated a car to be
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commercialized in two years. The launch date for Prius was in fact moved
three times: the end of the century, the end of 1998, and finally the end of
1997 in time for Kyoto Summit on Global Warming (COP3).
Furthermore, the management allowed no back-up plans. Typically,
when a new technology is scheduled to be used in a new car, a backup
development plan is implemented simultaneously in order to disperse the
risk of failure. However, G21 had to proceed with the project with no
backup plans.
Moreover, even though the management exercised strong leadership
over the project, they set only the major milestones and target dates. In fact,
the management had guaranteed two things: Freedom of design, permission
of development of all new parts if necessary (Itazaki, 1999).
5.1.2 Successful process management
Clark and Fujimoto (1991) state that
what characterizes outstaying performance in the auto industry is
not mastery of a particular technique, but a pattern of consistency in
process, structure, attitude, and skill that we call integrated problem
solving (p. 206)
The critical factor in automobile development is effective
integration and high coordination among different functional groups.
Hargadon (2003) assets that even though most of the times innovation is
viewed as a genesis of a great idea, in a reality, innovation “requires
dramatic shifts in the allocation of organizational resources (p. 199),” and
these shifts entail management support, sufficient expertise and connections.
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The innovation process essentially is a people process.
Conventional new product development: Sequential development
process
Until the mid-1990s, most U.S. companies used a linear NDP model
where development flows from one stage to another in a sequential fashion.
Idea generation → Idea screening → Concept testing →
Business analysis → Product development → Test marketing
→ Commercialization → Monitoring and Evaluation
Source: Trott, 2012

[Figure 3] Sequential New Product Development Process
The project was moved to different functional departments back and
forth. Therefore, the necessity of effective integration and high coordination
of functional departments was relatively low.
Contemporary automobile development
An automobile development model follows a similar pattern.
Concept and Project coordination → Product planning (Vehicle
design, styling, layout, component choices) → Clay model
development → Product engineering (Design-build-test cycles)
→ Process engineering (Plan for production system and
individual production processes)
Source: Clark & Fujimoto, 1991

[Figure 4] Automobile Development Process
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However, the development procedure strongly requires negotiations
and trade-offs among different departments with regards to concept,
specification, component choices, cost targets, layout and styling.
Organizational conflicts are inevitable (Clark & Fujimoto, 1991).
Furthermore, in order to commercialize a vehicle fast enough to fulfill the
market needs, engineers are in need to perform many stages in an
overlapping manner, thus high levels of coordination and communications
among departments are necessary.
Example of ineffective integration and low coordination: GM-10
project
Womack, Jones, Roos (1990) in their book introduce an auto
development project of GM, the GM-10 project and explain difficulties that
the project faced.
GM-10 project started with nothing atypical that a company
appointed a project manager, Robert Dorn and designated a 7 billion
development budget. The project required high coordination between
functional departments along the development process that first of all, four
car divisions had to agree on the target market and the product features. The
project moved back and forth between styling, clay model, and prototype
stages back and forth. When the prototype was ready, the project was
already behind its schedule (Womack et al., 1990).
Many problems arose from the fact that Dorn was a coordinator
rather than a manager. Engineers were more worried about pleasing their
bosses in functional departments than Dorn because their career success was
dependent on their performance in functional departments. Thus, Dorn’s
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orders were unlikely to be obeyed. In 1985, Dorn resigned. His position was
replaced by Gary Dickenson (Womack et al., 1990).
Another problem arose that General Motors Assemble Division
(GMAD), a manufacturing division, was an organization with its own
internal culture and career path thus the timetable continued to slip because
of the time spent in coordinating. A third program manager, Paul Schmidt,
was delegated. Eventually, the project took seven years to accomplish, two
years behind the original timetable (Womack et al., 1990).
Development projects of U.S. and European automakers
Clark and Fujimoto (1991) discovered a lack of integration across
the development project in U.S. and European automakers and they claimed
narrow specialization by component was responsible for this ineffectiveness.
Engineers were overly specialized thus inefficiencies such as duplication of
tasks, and lack of customer orientation arose. Furthermore, the project itself
moved along the different departments during its life, “in the same way that
a car moves from the welding to the painting to the assembly department in
the assembly plant (Womack et al., 1990, p. 114).” In western firms, in total
1421 members were involved in project. On the other hand, in Japan, on
average 333 team members were involved (Womack et al., 1990).
Example of effective integration and high coordination: Prius project
G21, a new project team, was set up in 1993. G21’s main objective
was to develop a car for the 21st century. In 1995, Toyota established a team
called BRFV, business reform vehicle fuel economy, and BRFV’s main
goal was to develop a hybrid power train system. In January 1996, the first
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Prius prototype was completed and at the same time, commercialization of
this new vehicle was determined. In March 1997, Toyota introduced its new
Toyota Hybrid System to the public and in December 1997, finally Prius
was released. Therefore, after finalizing the commercialization of Prius,
Toyota took less than two years to launch its vehicle. In order to meet this
deadline, Toyota needed to introduce the following organizational changes.
The “Obeya (big room)” system
Conventional

chief

engineer

system:

In

typical

product

development, team members never leave the function-based departments
and a CE acts as an indirect channel of communication, therefore, it takes a
lot of time mitigating each functional department’s opinion. Furthermore,
engineers tend to voice a biased opinion because of a strong sense of
belonging to the functional department (Niihara, 2010).
The Obeya system: Uchiyamada, the CE of the Prius project was inexperienced, thus he needed help from the cross-functional team members
than any other CEs in the past. Furthermore, due to the short deadline set for
the Prius' commercial launch, Toyota could not follow standard internal
procedures (Itazaki, 1999).
Consequently, in order to shorten the development period,
Uchiyamada mandated that concept stage should be finished within the G21
project team. He collected 10 members from design, product engineering
and process engineering departments in order to finalize product
development and pre-production preparations within the team. Members
from each function-based department were to stay at Obeya for 6 months
(Ikari, 2009). The Obeya system facilitated direct communication between
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the engineers. Furthermore, since members were contained at Obeya, they
were rarely influenced by biased preferences of the function-based
departments. Consequently, the Obeya resulted in a more optimal solution
(Niihara, 2010).
Set-based engineering
Set-based engineering refers to the case where a larger number of
possible solutions for each product development are considered at the frontend of the procedure. A solution which is considered inferior is removed
step by step until the solution space narrows down to a single solution
(Morgan & Liker, 2006). This method is superior to the point-based
engineering because engineers can significantly reduce uncertainties and
iterations in later phases by exploring all of the possible solutions at the
front end (Ballé & Ballé, 2005).
Prius Case: G21 utilized set-based engineering to select the most
practical hybrid system in short-term. Team members reviewed about 80
varieties of hybrid systems and then they reduced options to 10 varieties.
They made models of these systems and built a simulation system and chose
the final four candidates. The final candidates were simulated on a virtual
system and finally in March 1994, the most fuel efficient system was
selected. It was a parallel-series-hybrid system which current Toyota Hybrid
System is based on. In November 1995, first prototype was competed. The
BRVF team made five more prototypes after that, but the original layout
was never changed (Ikari, 2009).
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Front-loading
Front-loading refers to the procedure where key decisions of a
product development such as design, engineering, manufacturing, and
purchasing are made at the front-end of the process. Information is
exchanged among the departments at the earlier stage so that the company
may prevent any undetected problems at the manufacturing stage (Clark &
Fujimoto, 1991).
Prius case: In Toyota, there is a system called resident engineers
where development engineers are sent to plants in order to help the
development of production lines. However, in Prius development, Toyota
introduced reverse resident engineers. Production technology engineers
were sent from the plant to the development division before the production
line was installed. This system was implemented in order to minimize
modifications in the manufacturing stage and in order to reduce cost and
time of product development. (Ikari, 2009).
Simultaneous engineering
There are two types of simultaneous engineering: horizontal
consolidation between different functional departments and vertical
consolidation of different engineering processes.
Horizontal and vertical consolidation may shorten lead time;
however it may increases risks of confusion and conflicts among engineers
thus a different kind of inefficiency may result. High coordination and
communication between departments are imperative (Clark & Fujimoto,
1991).
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Prius case:
Horizontal

consolidation:

Engine

development

entailed

collaboration between Engine Engineering division II, BRVF, and
Higashifuji research center. BRVF determined the basic specifications of
the engine, Engine Engineering division II improved fuel economy and
Higashifuji was in charge of improving emissions (Itazaki, 1999, 176).
Vertical consolidation-Co-development of motor and mass
production technology of motors: Motor manufacturing was originally
done manually in any company and automakers generally purchased motors
from outside. However expecting the mass production of hybrids or EVs in
the future, Toyota determined to develop an automated motor production
system. Three stages progressed in a parallel manner. BR-VF determined
specifications of the motor, Electric and Hybrid Vehicle Engineering
Division designed motors and concurrently, the Power Train & Chassis
Components

Production

Engineering

Division

developed

a

motor

manufacturing machine (Itazaki, 1999).

5.2 How did Toyota Achieve a Company-wide Integration Effectively
while Other Automakers could not?
5.2.1 Role of chief engineer in coordination
A chief engineer system is unique in Toyota that a chief engineer as
a heavyweight project manager leads the development project from concept
to market (Morgan & Liker, 2006). He carries enormous responsibility and
informal leadership that inside the company even the product’s name is
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called by the chief engineer’s name (Womack et al., 1990).
A unique chief engineer – Prius project
Takeshi Uchiyamada was appointed as a CE of Prius and G21
project leader. He was unique that he did not follow the usual apprenticeship
of CEs such as assistants to chief engineers. Moreover, he had no experience
in product development. He began his career in Toyota at R&D and had
worked on vibration researches for years. Later, He moved to the Technical
Administration Division and was in charge of re-organizing Toyota’s
engineering departments for 2 years (Itazaki, 1999).
There are several reasons why senior managing directors appointed
Uchiyamada as a CE. Firstly, a development of a 21st century car involved
new technology. Since Uchiyamada spent most of his career in R&D, he
knew best about new pieces of technology that Toyota had been researching.
Secondly, Uchiyamada also learned about management at the Technical
Administration Division and he was affiliated with re-organization of the
engineering departments, thus he knew best about the location technologies
and engineers within the company. Thirdly, since Uchiyamada had no
background knowledge of Toyota’s conventional approach he was seen as
the right person who will achieve a process innovation in Toyota (Itazaki,
1999). Subsequently, Uchiyamada successfully led the Prius project.
5.2.2 Richness in information
According to Clark and Fujimoto (1991), linkages between NPD
procedure heavily depend on a company’s ability to build adequate channels
of communication. The richness of information through face-to-face contact,
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observations, and interaction with prototypes effectively reduce time for
problem solving
In Japan, the company is full of informal ties among the workers
because employees tend to rotate many departments before they settle into
one department (Womack et al., 1990). During the Prius development,
Toyota introduced another mean of communication: Intranet.
Introduction of Intranet
Problems of SE
Simultaneous engineering requires a faster way of information
exchange. Since the development of each component is based on test data
from the last prototype, so redesigns, and renewals should be exchanged
between departments in a quick manner.
Intranet, G21.net was created during the Prius development and
information on the Intranet reached everyone instantaneously, and questions
could be answered immediately through e-mails.
Prius Case: Battery was developed simultaneously with other parts.
Engineers needed to know which test vehicle had the latest battery and
which vehicles had battery problems. Before the use of the Intranet page,
battery problems were written on paper and such written information did not
reach everyone quickly enough (Itazaki, 1999).
5.2.3 A shared-understanding (Nonaka, 1991) within the company
When the management team build strategies, they do so with the
assumption that every employee will pull together for the common objective.
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However, Hargadon (2003) claims that this rarely happens, since profit and
loss are calculated at the divisional level and projects tend to have different
short-term returns on different departments. Furthermore, competition,
politics and lack of communication create gaps and small worlds among
project teams, divisions and plants thus ideas do not flow seamlessly across
the organization.
However, Clark and Fujimoto (1991) assert that Japanese firms
have a “shared sense of competitive reality and customer orientation (p.
125)” even down to the working level. Furthermore, Nonaka (1991)
reaffirms that a Japanese firm is a “living organism,” there a collective sense
of identity prevails. A shared-knowledge and understanding run across the
company that leaders use figurative language to issue directions and
employees in all levels fulfill their distinctive roles.
Toyota’s Prius development fits Clark and Fujimoto (1991) and
Nonaka (1991)’s assertion that a general direction was set by the leaders. A
capable chief engineer performed his role in bringing high integration.
Divisions and plants worked simultaneously to achieve an almostimpossible deadline.
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6. CONCLUSION
In December 1997, Toyota commercialized world’s first hybrid
vehicle, Prius. As of 2014, Toyota sold over seven million hybrids
worldwide and Toyota Hybrid System has become a main component of
Toyota products.
The development of Prius began as Toyota perceived environment
as a new keyword for the 21st century. Toyota predicted a rising threat of
new entrants and substitutes, an increasing bargaining power of suppliers
and buyers, and fierce competition among the automakers in the coming
century. Thus, Toyota placed a hybrid car as a new strategic tool and a new
global standard.
Through the Prius project, Toyota achieved two innovations:
product and process. The company was able to achieve these innovations
through selecting a practical development direction, hybrid as an interim
product, and by managing development process efficiently. Effective
integration and high coordination under the talented chief engineer,
adequate channels of communication, and a shared-understanding within the
firm led Prius development to a success.
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국문초록
도요타의 프리우스 개발 성공을 통해서 본 자동차기업의
기술 혁신
권소현
국제학과 국제통상전공
국제대학원
서울대학교
1997년

12월

도요타는

세계

최초의

양산형

하이브리드

차량

‘프리우스’를 세상에 공개했다. 엔진과 전기모터의 효율적인 운용으로
동급차

대비

약

2배

높은

연비를

달성하였고

CO2와

유해물질의

발생량을 감소시켰다. 1992년 친환경에 대한 대응을 경영의 최우선
과제로 인식한 도요타는 21세기 용 차량 개발에 착수하였다. 도요타는
전기자동차, 수소차로 이어지는 미래기술의 중간 점으로 그 당시 가장
현실적인
효율적으로

기술이었던

하이브리드를

운영하였다.

그리하여

선택하였고
친환경차

중

기술

개발

가장

기본이

과정을
되는

하이브리드 차량과 현재 27가지의 도요타 모델에 탑재되어 있는 도요타
하이브리드 시스템의 개발에 성공하였다. 그리고 자사의 신제품 개발
기간을 약 15개월로 단축시켰다. 이 연구는 Porter의 5세력모형(5 forces
model)을 통해 도요타가 프리우스 개발에 착수한 의도를 분석하고
이러한 혁신을 이루어낼 수 있었던 주요 요인을 연구한다.

주요어 : 도요타, 프리우스, 하이브리드 자동차, 기술 혁신
학
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