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Higher, Faster, Farther

From air races to moon races, the mantra of aerospace has always been
‘Higher, Faster, Farther’. The field has been driven by, and has thrived on,
the technical challenges of air and space flight. Since 1915 in the United
States, when the National Advisory Committee for Aeronautics (NASA’s
predecessor) was formed, the national and international prestige of aero-
space and the need for military superiority have driven national investments.

Aerospace is, and will continue to be, a ‘flagship’ industry of the United
States, as well as of many European, Asian, and other countries of the
Americas. And it promises continuing excitement and challenge. But aero-
space also promises to be much different in the future from how it has been
in the past. That is the subject of Chapter 1, ‘The 21st-Century Enterprise
Challenge’. It is a challenge some industries have already faced, and that
others will face in the future.

A fundamental understanding and implementation of what we term lean
enterprise value is central to the transformation of aerospace. Focusing on
aerospace surfaces new insights about the concepts of ‘lean’, ‘enterprise’,
and ‘value’. In Chapter 1, we lay out five fundamental principles for
creating lean enterprise value. These principles, and the resulting value
creation framework, can be applied at the level of an individual program
or platform, and apply as well at the level of a corporation or government
agency — what we call the multi-program enterprise. These principles
apply even at national and international levels, where the concept of lean
enterprise value is not normally used, but provides new insights.

Many industries undergo developmental periods that establish a set of
values and a culture that dominate thinking and behavior — even when that
thinking is no longer ‘right’. Take the automobile industry. When a number
of the present authors were young adults, each new year brought new
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model cars that were longer, wider, more powerful, and more stylish. The
US automobile industry perceived that these cars responded to value
consumers desired — and failed to realize the shift that came when
consumer values changed to smaller, more fuel-efficient, more reliable, and
safer cars. It took a ‘wakeup call’ from Japan — a story well known to all.

Part I of Lean Enterprise Value captures the wakeup call for aerospace
and the ensuing response over the past twelve years. That wakeup call
began as a whisper in the 1970s, and grew to a shout with the end of the
Cold War in 1989. But many did not hear. The aerospace field, with its
legacy of high technical performance — epitomized by the Apollo
program — was ill equipped to respond to the challenges of affordability
and global economic competition.

Chapter 2, ‘The Cold War Legacy’, briefly recounts the background
leading to this aerospace crisis and lays out the conditions that created the
post-Cold War ‘Monuments and Misalignments’ of Chapter 3. There we
recount the consequences of this legacy that became apparent as the 1990s
unfolded. In all, Part I establishes the context for our prescription for how
a major industry must change to survive: lean enterprise value.



The 21st-Century Enterprise Challenge

The core challenge for industries in the 21st century involves identifying
and delivering value to every stakeholder. Meeting that challenge requires
lean capability at the enterprise level.

Aerospace provides a ‘living experiment’ for our discussion of this chal-
lenge and how it can be met. Aerospace brings together the hopes and
dreams of a nation, employing complex technologies on challenging
missions in air and space. When such an industry finds its core business
models and guiding principles called into question — which is exactly what
is happening to the US aerospace industry today — the lessons are impor-
tant for every sector of the economy.

The end of the Cold War, the rise of global competition, and the matu-
rity of core products such as engines and airframes are powerful forces
driving the challenge to aerospace. Other industries have their own unique
mix of precipitating forces, often including the latter two. In every case,
the core challenge comes back to what we call lean enterprise value.

These are our book’s three key themes — lean, enterprise, and value.
Translating all three into action is a powerful antidote to what ‘lean’ has
come to mean in too many cases. Applications of ‘lean’ have too often
focused on just eliminating waste — a perspective with dangerous limita-
tions. In contrast, our view of lean is centered on the elimination of waste
with the goal of creating value. This means delivering what customers
want and need; tangible returns on investment that shareholders rightly
expect; and job satisfaction and lifetime learning that workers deserve. It
means concrete sharing of the total benefits that suppliers need if they are
to continue operating as full partners in good times and bad. It means
delivering value to society that reflects its broader desires and concerns.
The enterprise perspective we bring makes it possible to see entire ‘value
streams’ as well as interconnected levels of activity that reach across
national and international boundaries. That perspective stands in sharp
contrast to ‘lean’ as narrow change efforts in only one part of an organ-
ization, such as manufacturing or the supplier network.
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Ultimately, we will show that creating lean enterprise value goes well
beyond figuring out better ways to ‘do the job right’. It involves ‘doing the
right job’.

In focusing on lean, enterprise, and value, we build on nearly a decade of
sustained research and action by a unique consortium. The Lean Aerospace
Initiative (LAI) brings together leaders from major US aerospace
companies and suppliers, government agencies, representatives from organ-
ized labor, and MIT. We have collaborative agreements with similar
consortia in the United Kingdom and Sweden. This book reports on the
results from an ongoing cycle of learning that has taken place in the LAI
consortium — conducting research, applying the principles, taking stock of
progress, and constructing tools for broader dissemination and transfor-
mation. While the story derives from the LAI experience, it reaches much
further: to massive change initiatives and policy restructuring in govern-
ment and industry. Our story contains lessons for any industry that employs
leading-edge technologies in a complex national and global environment.

Twelve years ago, another book came out of MIT that focused on an
industry facing a profound crisis. The Machine That Changed The World"
introduced the concepts of ‘lean’ manufacturing as instrumental to the
future of the world auto industry and also relevant to many other sectors.
Our new thinking here on ‘value’ and ‘enterprise’ comes directly from our
efforts to apply those concepts to aerospace. Our findings bridge across
the many change initiatives that emerged in LAl member companies and
throughout the industrial landscape — Total Quality Management,
Reengineering, Six Sigma, and other formulations — to offer an integrated
framework for action.

This book speaks directly to organizations that are on the journey of
change. While our focus is aerospace (which includes aircraft, engines,
avionics, launch systems, missiles, satellites, and more), the keys to trans-
formation in this sector of the economy are applicable wherever there is a
need to refocus on lean enterprise value.

Lean Enterprise Value

In a 1994 speech at the Air Force Chief Scientists Group dinner, Gen.
Merrill A. McPeak, then Air Force Chief of Staff, looked ahead to the year
2020 and urged a fundamentally new way of thinking.> He pointed out, for
example, that the aerospace industry has always focused on pushing the
frontier for air speed. A former jet pilot, Gen. McPeak said that he well
understood that ‘speed is life’ mindset. But he expanded its scope to
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include speeding up the air tasking order process, tightening the loop
between intelligence and operations, and shortening the development
times for aircraft and spacecraft. In other words, he illustrated how ‘faster’
is not just a technology frontier centered on better defense capability, but
is a requirement for all parts of the aerospace industry — indeed, for all
industrial sectors. And it means completely different capabilities.

The promise of ‘lean’ principles and practices resonated with many US
aerospace leaders. Government officials saw in these concepts not only the
ability to increase defense capability, but also an opportunity for increased
affordability in an era of declining defense dollars. The systematic elimi-
nation of waste driven by the lean mindset would support the very cycle
time gains urged by Gen. McPeak. Industry executives also knew that
traditional cost-cutting measures would be inadequate in a post-Cold War
era marked by global competition. But there were also concerns. Would a
model pioneered in the auto industry really work in the aerospace
context — with its low-volume, high-complexity products, and significant
sources of instability? And what about fears over job security? The work-
force often perceives ‘lean’ as ‘mean’, with jobs eliminated in the name of
‘efficiency improvements’.

To answer these questions, we must first understand the historical
legacy of the US aerospace industry, which for decades was dominated by
the constant imperative to go ‘Higher, Faster, Farther’. As we highlight in
the balance of Part I of this book, there was a national consensus that put a
man on the moon, drove the designs for commercial and military aircraft,
and ‘won’ the Cold War. Some of the innovations during this era fore-
shadow what we now see as lean principles and practices — such as Lock-
heed’s fabled ‘Skunk Works’ operations (detailed in Chapter 2). But the
dominant historical legacy of this era is a culture and practices that are less
functional now that key parts of the industry have matured and the global
threats have completely changed. It is common for industries to reach a
‘dominant design’ phase — and the particular history of aerospace parallels
many sectors of the economy.

As in so many industries, infrastructure, institutions, and even mindsets
have become misaligned with the environment and are now ‘monuments’
blocking forward progress. Attempts to address these barriers through
downsizing, outsourcing, mergers, acquisitions, and regulatory reform all
fail to engage the root cause of the challenge. What’s needed is a funda-
mentally different orientation to creating value for the many stakeholders
in this industry, other sectors, and society at large — over the lifecycle of a
wide range of aerospace systems.
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While ‘traditional’ lean principles and practices represent a key point of
departure in developing this new orientation, the experience in aerospace
points to broadening the way lean is typically understood. As we see in
Part II of the book, lean can’t be approached as a list of things to do. It is a
different way of thinking. Lean is not just the elimination of waste; lean is
also the creation of value.

While powerful, we must admit that ‘lean’ is also an awkward word. It
is powerful in capturing an almost counterintuitive notion — that becoming
lean results in more capable organization. A lean organization is a more
flexible and adaptive organization. Reducing inventory, removing unnec-
essary steps, and eliminating other forms of waste can clear the path to
continuous improvement. At the same time, though, the word carries
baggage. There is a risk of placing too much emphasis on cutting costs.
Worse still, lean is sometimes seen as a code word for eliminating jobs.

Our approach of pairing ‘lean’ and ‘value’ confronts these problems
head-on. Eliminating waste must always serve a larger purpose — it must
be oriented towards value creation. Accordingly, we have a new definition
of becoming lean: Becoming lean is a process of eliminating waste with
the goal of creating value.

Many aerospace and other industrial leaders attracted to lean were
drawn initially to so-called ‘low-hanging fruit’ — improvement opportun-
ities both easily visible and relatively easy to address. Aerospace examples
will resonate with readers familiar with other industries: developing inte-
grated product teams; involving suppliers early in the design process;
reducing in-process inventory for materials in a factory; introducing visual
displays on job processes; coordinating procurement functions; training
workers in statistical process control principles; or introducing preventive
maintenance practices.

These types of improvement opportunities are often addressed through
‘kaizen events’ — one-time ‘blitz’ efforts involving multiple stakeholders.
But the Japanese word kaizen, so common in lean parlance, translates
approximately as ‘continuous improvement based on knowledge’ — which
contradicts the notion of a one-time effort. And even if successful, such
efforts always risk creating isolated ‘islands of success’. Each improve-
ment effort may be a significant accomplishment, but it may also remain
isolated and not represent the priority at the enterprise level. At that level,
the priority might be to change policies and procedures to focus on life-
cycle value, or to engage the workforce fully in pursuit of continuous
improvement. Rather than such kaizen events, it may be more important to
establish true long-term partnerships with suppliers, or to have fully inte-
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grated product and process design teams, or even to assess the overall
direction and product mix in a given enterprise.

These tasks are more difficult than picking the low-hanging fruit. And it
is a far greater challenge to undertake these activities in an integrated way,
so that they mutually reinforce the overall objectives of the many stake-
holders in a given enterprise. A truly lean enterprise would succeed from
the points of view of end users, shareholders, the workforce, suppliers and
partners, and society.

We report on increasing evidence of this broader enterprise mindset,
and the benefits that accrue. Experience in the aerospace industry really
drove the focus to the enterprise level, given the relatively small role
played by manufacturing compared to new product development, supply
chain integration, and lifecycle sustainment.

Before moving on to ‘value’, let’s make clear what we mean by ‘enter-
prise’ (Chapter 6 provides a much more detailed description). First, there
are individual programs that constitute distinct enterprises, each
comprising a core and an extended enterprise. The USAF/Lockheed
Martin F-22 Raptor fighter jet is one example: a multi-billion dollar
program where we see the systematic integration of first-tier suppliers into
every phase of development, production, and deployment. Boeing’s Joint
Direct Attack Munition (JDAM) is another: a much smaller program that
has achieved major savings by adopting a lean enterprise approach.

Programs, Projects, Platforms, and Products

What the aerospace industry calls ‘programs’ might, in other sectors, be
termed ‘projects’, or ‘platforms’, or even ‘product lines’. Whatever word is
used, these are the key building blocks for the creation of value. Each can
be thought of as a distinct ‘value stream’ in which various activities trans-
form raw materials and information into finished goods or services to
serve best a set of customers and stakeholders. The key point is that
there is a defined organizational structure, with clear lines of assigned
responsibility and accountability.

We use the word ‘program’ throughout the book, but our discussion
applies to projects, platforms, or product lines.
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It is significant when a leader in aerospace or any industry asserts that a
given set of activities — regardless of scale — must be viewed as an inter-
connected whole. That interconnected whole is an enterprise.

Beyond the individual program enterprise, there are divisions of large
corporations, government agencies, and other entities that we call multi-
program enterprises. Here we find all the complexity of a lone program
multiplied by the many interdependencies that exist across different
programs. There will be a set of individual program leaders, as well as
leaders for many support functions. There may be a single multi-program
enterprise leader, such as a CEO or government agency director, but more
likely there will be a distributed set of leaders who must coordinate their
efforts. Again, it is significant when a leader asserts that this full range of
activities must be seen as an interconnected enterprise — one in which the
focus is on optimizing the entire system as a whole, not just on the
separate parts.

Beyond the multi-program enterprises are the national and internat-
ional enterprises, such as what we term the US Aerospace Enterprise, the
European Aerospace Enterprise, and emerging counterparts in other parts
of the world. Lean principles extend to national and international enter-
prises as well. As a call to action, this book urges nothing less than a lean
enterprise transformation at every one of these levels.

The concept of enterprise teaches us something about ‘true north’. It
was Toyota that identified the customer as ‘true north’. This notion of
being customer-focused — with the customer providing clear guidance and
direction to the application of lean principles and practices — is still at the
core of lean, but serving the customer or end user alone is insufficient. At
the enterprise level, it is just as important to serve the shareholder, the
workforce, the acquirer (in aerospace, usually different from the end user),
suppliers and partners, and society. So, while the principle of finding ‘true
north’ still holds, aerospace teaches us that it must be an orientation not
only towards serving the customer, but towards creating value for all
enterprise stakeholders.

Value as ‘True North’

Even if persuaded of the urgent need for change, aerospace — like other
industries — must confront big questions. How will direction, leadership,
and support be provided? How many resources should be devoted to a
high-stakes enterprise such as the Joint Strike Fighter? How much capab-
ility should be built around developing information technology support
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systems? Are the jet transport and communication satellite businesses
primarily manufacturing or service businesses? These types of question
all concern something beyond doing things right — they focus on hard
choices about the right thing to do. And the answers require a systematic
understanding of value and its creation — again, for end users and multiple
other stakeholders.

In Part III, we detail our value-creation framework and its three phases:
value identification, value proposition, and value delivery. Classical lean
concepts as represented in The Machine That Changed The World or Lean
Thinking® include identifying customer value. However, most implemen-
tations of lean principles and practices have centered on the third phase and
focused on eliminating waste. Those efforts largely to ‘do the job right’
serve customers and often ignore other stakeholders. The focus of the value
identification phase, though, is the imperative to ‘do the right job’.

Consider, for example, the contrasting strategies of Boeing, with its
proposed near-sonic cruiser, and Airbus, with its new A380 megajet. These
products both reflect attempts to identify value long before the application
of traditional lean practices and principles. Airbus appears to believe that
there is more value in the long-haul hub-to-hub markets, while Boeing
seems to believe that greater value lies in faster and more frequent point-
to-point service. Such pivotal choices are part of any systematic effort to
create lean enterprise value.

Value delivery is possible only where there is mutual agreement (tacit or
explicit) among the key stakeholders, which is reflected in our second
phase on establishing the value proposition. Consider here, for example,
the very different value propositions associated with the large, wide-body
jets built by Boeing and Airbus, and those for the smaller regional jets
built in the United States, Canada, Brazil, and Europe. For wide-body jets,
the value proposition might include low-cost transportation between popu-
lation centers, a steady revenue base, stable jobs in a known business, and
export gains. The value proposition associated with the regional jets goes
well beyond the ability of an airline to fly a plane with lower direct oper-
ating costs. It could represent the revitalization of under-used airports or
route segments, job growth in a new region, a change in status and skills
for airline staff, and a potentially important building block in efforts to
provide true ‘intermodal’ transportation service to travelers. Again, any
focus on creating lean enterprise value must take into account these very
different value propositions. Only then can the more traditional lean tools
be applied to the third phase, value delivery.

Linking our three-phase model to the three levels of enterprise creates
something like the three-by-three grid in Figure 1.1.
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FIGURE 1.2 I Value creation iterates and adapts
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As Figure 1.1 indicates, most applications of lean principles and prac-
tices have focused on ‘value delivery’ at the program enterprise level. (In
Chapters 810, we explore all parts of the grid.) Each phase of the value
framework is iterative and dynamic (see Figure 1.2). The goal is to create
value, and lean principles and practices are enablers throughout the value
creation process.

Understanding the value-creation process begins at the program enter-
prise level. This involves seeing the full value stream, not just separate
functions or ‘chimneys’ of activity. It also highlights the long forward
shadow cast by value identification and value proposition efforts. Again,
‘true north’ for an enterprise at any level is not just a matter of serving the
customer, but also of finding value for a wide range of other stakeholders.

The same three phases of value creation can be seen at the level of
corporate or government organizations — our multi-program enterprises.
Here we find a constant struggle around aligning the infrastructure to
support multiple programs and preventing the suboptimization that could
result from focusing on any single program. This is also where we see
some of the tension between market forces and organizational structures.

As the analysis moves up to the national and international level, we see
that identifying value and constructing value propositions is as much a
tacit, invisible process as it is an explicit, visible negotiation. Here we find
that institutional arrangements, public policies, strategic alliances, and
numerous other mechanisms either support or undercut value creation.

Again, the challenge of creating lean enterprise value applies across the
many diverse segments of aerospace as well as other industries and
sectors. We cannot stress enough that the creation and delivery of value
requires first identifying stakeholders and constructing robust ‘value
propositions’. For most sectors of the economy, this requirement points to
new guiding principles and a fundamentally different infrastructure.
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Principles of Lean Enterprise Value

One great challenge in assembling the insights from our research is to
codify the lessons learned into a succinct set of guiding principles that
build on and extend the existing body of lean principles. Such principles
have to meet all the rigorous tests of good theory construction, as well as
equally rigorous tests of practical application.* While the five principles
we present below are deeply grounded in our research and experience,
these propositions have yet to be fully tested in aerospace or other sectors.

Before we get to the principles, though, let’s return to the two words
‘lean’ and ‘value’. Taken literally, each has an almost opposite connotation —
‘lean’ with its connotations of taking away, particularly with respect to elim-
inating waste; and ‘value’ as adding or creating, particularly around some-
thing beneficial. Our definition joins the concepts together in two ways.
First, it is not enough simply to eliminate waste — again, there must be a
focus on eliminating waste with the goal of creating value. Second, there
is a virtuous cycle whereby effective elimination of waste can increase
capability to identify and deliver value, while value creation brings addit-
ional needed resources and motivation to tackle ever deeper forms of
waste. We join the two words together — ‘lean value’ — to refer to this
broader conception of lean and this focused approach to value.

Our first principle is easy to state, but hard to do. It is a simple message
to take lean implementation much further than it has typically gone.

Principle 1

CREATE LEAN VALUE BY DOING THE JOB RIGHT
AND BY DOING THE RIGHT JOB

Doing both together — doing the job right and doing the right job — estab-
lishes a constructive, dynamic tension. Each enables the other. With that in
mind, let’s turn to the full value-creation framework.

Principle 2

DELIVER VALUE ONLY AFTER IDENTIFYING STAKEHOLDER VALUE AND
CONSTRUCTING ROBUST VALUE PROPOSITIONS

There is a precedence order here — delivering value will be constrained
by poorly structured value propositions, and enabled by robust, well-
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structured propositions. And of course, robust value propositions cannot
be structured around poorly identified value.

Having identified this ‘lean value’ dynamic, let’s now place it in
context — which brings in the concept of ‘enterprise’. Any attempt to foster
the lean value dynamic below the enterprise level risks suboptimization;
hence, our third principle.

Principle 3

FULLY REALIZE LEAN VALUE ONLY BY ADOPTING
AN ENTERPRISE PERSPECTIVE

While one part of an operation, such as manufacturing or purchasing, may
become lean, the overall net gain will be limited if lean is not integrated as
part of an overall enterprise strategy. Note, though, that the meaning of
‘enterprise’ is not always clear. Leaders and others have to assert the inter-
dependence of various stakeholders, and make clear that they are part of a
common enterprise. This is a non-trivial aspect of operating at an enter-
prise level.

Our fourth principle builds on the concept of different levels of enter-
prise: program, multi-program, and national or international.

Principle 4

ADDRESS THE INTERDEPENDENCIES ACROSS ENTERPRISE
LEVELS TO INCREASE LEAN VALUE

These interdependencies are dynamic — as program enterprises get the
lean value dynamic going, they provide a better foundation for lean
efforts at the multi-program level. Lean capability at the multi-program
level can, in turn, be more responsive in providing the enabling infra-
structure at the program level — again, a virtuous cycle. The same is true
between the multi-program level and the national and international enter-
prise. The reverse is also true: deterioration at one level risks contagion at
other levels.

Institutions can either accelerate or undercut these lean enterprise value
dynamics, depending on the degree to which they are aligned or
misaligned. Because institutions are often slow to change, the risk of
misalignment is great. But institutional infrastructure can be an essential
enabler, and can minimize dependence on charismatic leaders.
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Finally, we offer a proposition on the underlying mechanism for
sustaining lean enterprise value, which focuses on people’s knowledge,
capabilities, and new ways of thinking.

Principle 5
PEOPLE, NOT JUST PROCESSES, EFFECTUATE LEAN VALUE

Lean enterprise value is constrained when knowledge is withheld or when
people are not appreciated for the knowledge that uniquely resides in their
roles and experience. Achieving lean enterprise value begins with value
identification, flows through agreements involving the value proposition,
and extends through value delivery. It is knowledge and capability at all
three enterprise levels that enable the elimination of waste in order to
create value.

Organizations frequently state that ‘people are our most valuable
resource’. But when it comes to investment in capability, retention of
human resources in a downturn, or even establishing basic principles of
respect in the way that people are treated on the job, reality falls well short
of such declarations. In the mass production model, the greatest value is
placed on a small number of leaders and experts, often identified through
forced competitions. Full application of this fifth principle would involve
creating mechanisms to maximize the ability of all people in a defined
enterprise to understand and help effectuate lean value.

Antoine de Saint-Exupéry wrote more than half a century ago: ‘As for
the future, our task is not to foresee, but to enable it.”> Our view is that we
create the future with our actions today. These five principles of lean enter-
prise value are meant to guide action, and will enable future success for
the entire aerospace enterprise and for other industries in the 21st century.

Let’s take a brief walk through some of the specifics of the aerospace
context that illustrate why the framework of lean enterprise value is so crit-
ical. That context includes multiple sectors, a product mindset, challenging
complexity, global dynamics, and workforce anxieties — characteristics that
will be familiar to readers from any industry in today’s economy.

The Aerospace Challenge

The challenge in aerospace is enormous. This industry is among
America’s largest exporters in global markets. Significant numbers of the
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nation’s scientists and engineers work in this industry — this is rocket
science. During the 20th century, the aerospace industry played a central
role in four core missions — valuable to the nation, and in many respects,
the entire world:

m enabling the global movement of people and goods;

m enabling the global acquisition and dissemination of information and
data;

m advancing national security interests; and

m providing a source of inspiration by pushing the boundaries of explor-
ation and innovation.

Without exception, none of these will ever be routine; they will always
stretch the capabilities of technologies, challenge the vision of engineers,
and inspire society. But the principles that guided past success in each of
these missions are not the same principles needed for the future. There is
no guarantee that the firms currently leading this industry will drive future
success or that the missions will even remain in the domain that we think
of as ‘aerospace’. Consider the full scale and scope of the challenge facing
this industry — and so many others.

Multiple Sectors

Enterprises in most industries often span multiple sectors — or at least must
deal with dynamics across very different sectors. In the case of aerospace,
achieving lean enterprise value requires attending to the similarities, differ-
ences, and interdependencies across the military and commercial sectors.

The military side of the industry is committed to ensuring global peace
and security for today and tomorrow, but must deal with the half-century
legacy of having defined itself in relation to the Cold War. After having
always been driven to go higher, faster, and farther than a single defined
enemy, how can this industry redefine itself to address a much more
complex mix of threats, from asymmetric challenges mounted by
contending nations, terrorists, and rogue nations to instabilities created by
ethnic conflicts?

US Department of Defense efforts to procure new military aerospace
systems to meet changing security needs and circumstances have been
complicated not just by the decline in defense dollars. Other factors have
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included fits and starts in funding, acquisition practices, the industrial base,
and programs, which together have created an environment of constant
instability and have undercut the ability to ‘do the job right’. The costs of
instability are significant — wasted resources, displaced workers, the loss of
skills, and even the risk of entire companies exiting the industry. Further
complicating the challenge is the distribution of aerospace facilities across
nearly the entire United States and in the home countries of nearly every
customer — a distribution that reflects political pressures to share out the
work associated with each military product.

The commercial side of this industry has set a global standard for the
design, manufacture, and support of aircraft and spacecraft — enabling a
global revolution in air travel, data collection, and telecommunications.
But the US aerospace industry has found itself facing head-to-head
competition from a combined set of European businesses and governments
joined together under the Airbus umbrella, as well as emerging compet-
itive pressure from parts of the former Soviet military complex, China,
Japan, and other nations. This includes the rapid growth of regional jets in
countries such as Canada and Brazil. Again, there are challenges both in
doing the job right and in doing the right job, and these in turn raise issues
of competition and cooperation in an increasingly interdependent world-
wide aerospace industry.

Within the broad commercial and military sectors, segments of the
industry are in different stages of maturity. While ‘dominant designs’® have
emerged for airframes and engines, there are dramatic breakthroughs occur-
ring in materials technology, avionics, information technology and design
methods. Further, aerospace products are increasingly integrated into larger
mission-capable systems to ensure successful performance in fighting wars,
space exploration, or air transportation, thereby blurring traditional bound-
aries and distinctions. Issues include integration with communications,
surveillance, and other systems. All of these systems must work together if
aerospace is to deliver value in terms of any of the overarching missions
highlighted above. Moreover, critical, leading-edge information technology
is now more likely to be imported from outside the industry than to derive
from R&D within aerospace. This requires a change in mindset from that
instilled in the education and training of most of the aerospace workforce.

A Product Mindset

Many industries face the challenge of shifting from producing discrete
products or services to offering complete customer ‘solutions’. In aero-



The 2lst-Century Enterprise Challenge

space, the producers of airframes, engines, and many satellites — where the
‘dominant design’ has been well established over many decades — face this
challenge in particular. What these firms make are treated primarily as
products, with a focus on a relatively narrow slice of their lifecycle value
stream. It is how engineers think about their career paths. It is the way
much of the military is organized — from acquisition through field sustain-
ment. But this narrow focus is highly limiting, unsuited to the challenge of
creating lean enterprise value.

Today’s US Air Force — the customer for many defense aerospace prod-
ucts — faces a parallel challenge: to see itself not as a collection of pilots
and platforms but as an integrated network of military capabilities. Today’s
F-16 pilots need to understand that they and their planes are the warfighting
front end of a complex support system of information and other resources
needed to carry out their military missions. Speed, precision, flexibility,
timeliness, reliability, adaptability, efficiency, and interoperability within a
framework of reduced lifecycle costs would be key characteristics of a
successfully integrated system of capabilities. We’re not quite there.

Shifting to thinking of multi-use platforms is a step in the right direc-
tion. It enables increased attention to interdependencies across an enter-
prise. The focus on fleet management and integrated reservation systems is
also indicative of enterprise thinking, but more is needed. For example, in
a recent book reflecting on his years of service,’ US Army Gen. Wesley
Clark (Ret.) points to the billions of dollars invested in an aircraft, without
corresponding investment in planning cycles to ensure flexible, timely, and
effective use of these resources. In other words, Gen. Clark is pointing to
the challenge of shifting to a lifecycle management approach. Similarly,
consider the infrastructure needed to support investments in sensor, plan-
ning, communications, and other information technologies — none of
which is specific to any single platform. This really requires focusing the
entire industry on fulfilling defined missions, not on narrow adherence to a
specific way of flying the missions.

The Challenge of Complexity

Industries that produce complex products, in complex organizational
settings, and with substantial government regulatory control, can learn a
great deal from aerospace.

Aerospace systems are complex internally, containing functional rela-
tionships and interactions that exhibit a challenging array of design features,
technical specialties, materials, manufacturing processes, and assembly
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methods. The challenge here is not just the many elements, but the fact that
they interact in ways that are not always straightforward. Plus, aerospace
systems are typically quite complex externally, as they interface with a great
number of other elements comprising larger systems, such as air traffic
management or communications. This complexity is intensified by the fact
that individual aerospace products are typically error-intolerant — they must
function perfectly in extremely adverse and challenging operating environ-
ments where failure of a single part can spell catastrophe.

Product complexity is exacerbated by the fact that many aerospace
systems have service lives extending for decades. For example, the grand-
children of an original B-52 pilot might well be piloting today’s B-52s,
which feature whole new generations of technologies introduced since the
basic platform’s introduction decades earlier. This effective regeneration
of aerospace products over time (by embodying new technologies)
presents a transformational challenge, that is orders of magnitude greater
than that for stable or newly developed products.

The sheer complexity of aerospace products and systems is mirrored by
another key characteristic that is instructive for any industry — the
complexity of organizational relationships among partners and suppliers,
competitors, government agencies, and others within the industry. The
aerospace industry draws upon a broad, deep, multilayered, and multi-
faceted supplier base cutting across many industries. As much as 60—80
percent of the end-product value of aerospace products derives from this
supplier base, drawing materials, parts, components, and subsystems for
integration into the final product or system. Suppliers also participate in
the design and development of new products. Firms are linked together as
suppliers, customers, and even partners of each other. The same firms can
be competitors in a different market segment or program. These extensive
and deep relationships represent both a constraint to the industry’s trans-
formation — due to its complexity and interdependence — and a source of
energy spurring new ideas and opportunities.

The aerospace industry operates within a complex sociopolitical, regu-
latory, and institutional environment. The relationships between the
industry and government, and indeed the distinctly ‘visible hand’ role of
government in the industry’s fortunes (serving in important cases as its
principal customer), further add to the complexity. The government, in
fact, has played a significant role in the industry’s evolution since its early
beginnings — as regulator, customer, and enabler of a stream of technolog-
ical innovations.® Over many decades, military—commercial ‘spillover
effects’ — from the development of the jet engine to advances in elec-
tronics, computers, and materials technologies — have been the fountain-
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FIGURE 1.3 I 20 years of consolidation in aerospace
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head of innovation benefiting the commercial industrial base. However, as
traditional aerospace technologies have matured, less R&D funding has
been forthcoming. This reflects the diminishing returns to be realized — to
the consternation of many aerospace enthusiasts.

Increasing Impact of Financial Markets

Financial markets have always been important stakeholders, but their
impact has grown in a variety of sectors. In the case of aerospace, industry
leaders were shocked in the late 1990s to find that the combined valuation
of the largest US aerospace companies was well below that of Microsoft.
Wall Street rewards profit margins, predictability, and growth, none of
which has been a characteristic of this industry.

In this context, the past few years have seen dramatic restructuring and
merging of what were once powerful and distinct companies. Notable is
the emergence of Boeing, Lockheed Martin, Northrop Grumman, and
Raytheon as the major US aerospace companies. This industry concentra-
tion (see Figure 1.3) reflects attempts to address overcapacity in airframes,
avionics, and related business areas. Similar concentration took place
within European nations a generation earlier, and is now occurring at the
regional level in Europe.

Beyond the mergers, acquisitions, and other structural changes in organ-
izations, aerospace companies are changing their very business models. They
see value not just in delivering products, but also in delivering services. Just
as many automobile companies have found great business opportunities
through their financing divisions, engine companies such as Pratt & Whitney
and General Electric see higher profit margins associated with taking total
lifecycle responsibility for their products. This goes well beyond building jet
engines to include maintenance, upgrades, leases, recycling, and many other
ways of providing value to customers. Concurrently, we see investments in
new leading-edge information and communication technologies with the
promise of higher returns through integration with traditional aerospace
products. This includes everything from providing internet and satellite
communications on airplanes to new configurations for cockpits.

The 21st-Century Workforce

Today, this industry finds itself challenged to attract and retain the work-
force it will need for the 21st century — as do many other economic
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sectors. In a recent survey, nearly five hundred US aerospace engineers,
managers, production workers, and technical specialists were asked about
this statement: ‘I would highly recommend that my children work in this
industry.” Only 17 percent of the engineers agreed or strongly agreed. The
numbers were similar for the other groups; and overall, four out of five
people in the aerospace industry would not recommend it to their children.
In individual interviews, people said that while they were very proud of
the industry and their own contributions, the instability, among other
factors, led them to what for them was a heart-wrenching conclusion.’

In human terms, aerospace is a mature industry. For example, the
average age of production workers in the US military sector is 53 years,
with more than 20 percent eligible to retire in the next five years.!” The
numbers are even higher for engineers; one study suggests that 33 percent
of scientists and technicians are or will be eligible for retirement in the
next few years.!! Not only will key skills be lost, but the remaining work-
force is unlikely to have the mix of skills needed to meet the challenges
ahead. This is particularly critical in information technology.

Of course, aerospace is not the only industry to reach a ‘mature’ stage of
development.'”> The real issue here is that this industry has always —
correctly — seen new aerospace products as part of a never-ending frontier
of new possibilities. Aircraft and spacecraft simultaneously represent the
transportation and communications backbone of both the ‘old’ and the
‘new’ economies. Sitting on this divide poses a central challenge. As
Figure 1.4 indicates, each generation of engineers has had fewer and fewer
chances to be part of new airframe programs.

So long as this industry and its customers continue to think primarily in
terms of discrete airframe/platform products, it will seem as though
possibilities are shrinking. But a different view — one that takes respon-
sibility for all aspects of the four core missions introduced earlier — opens
up a vast array of possibilities, linkages, and interactions. The challenge
goes to the core mindset of the industry’s workforce.

Why is that mindset so difficult to change? It’s hard to see, let alone
embrace, what doesn’t yet exist. Further, the existing set of institutions and
infrastructure creates blinders. Arrays of experts, leaders, lobbyists, and
staff are focused on a process of military acquisition and commercial sales
rooted in outdated assumptions. This has led to the narrow interpretation
of ‘lean’ centered on reducing waste and cutting costs within current oper-
ations. Labor unions representing many of the professional, technical, and
production workers are caught in their traditional contentious battles with
employers while simultaneously working to develop high-performance
work organizations. Given the many points of tension, it becomes clear
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that strong labor-management partnerships and high levels of employee
commitment depend on a ‘true north’ orientation towards creating value.

Global Dynamics

Aerospace has become a global industry. There is international compet-
ition in every product line, as well as increased collaboration to develop
new technologies and unlock new markets. Some product lines also
feature excess capacity. For strategic reasons, the United States can ill
afford to exit any of these lines of business. At the same time, success in
these new domains is increasingly a point of national pride for other coun-
tries — whether it is Europe merging three of the Airbus national
companies into a single shared organizational headquarters, Japan devel-
oping its own launch vehicle, Brazil building regional jets, China estab-
lishing expertise in aircraft subassemblies, Russia commercializing the
space station, Turkey building F-16s, or any of numerous nations negot-
iating offset agreements to have a share of the parts production for planes
they are buying. What is at stake here is the ability of every nation to
establish a foothold or even a strong presence in the aerospace industry.

Beyond increased global competition, the aerospace industry over the
past several decades has seen a rise in collaboration among firms, both
domestically and internationally, in order to compete more effectively.
These collaborative arrangements have taken a variety of forms, encom-
passing joint ventures and other types of closely knit interfirm relation-
ships involving substantial contributions by partners of capital,
technology, or other assets.

Current Successes and Future Prospects

While clearly there is cause for concern in this industry, there are also rays
of hope and innovation. This industry has pioneered satellite communi-
cations (including television and internet access directly to homes via
satellite), placed a successful robotic vehicle on Mars, developed the safest
and fastest form of transportation (while dramatically decreasing jet
aircraft community noise), and delivered to the warfighter the most
advanced stealth aircraft. Properly structured, with its missions and tech-
nology focused on future challenges, the aerospace industry has the ingre-
dients to attract the best of the 21st-century workforce.
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Beyond the technical achievements, this is an industry that includes
many winners of the Malcolm Baldrige National Quality Award.'® It is an
industry with a number of customer-focused ‘lean’ factories. It is an
industry that is pioneering new ways to think about product development —
especially for the most complex and demanding products. It is an industry
with labor—-management partnerships centered on driving high-performance
work systems and strategic alliances with suppliers to drive down costs and
innovate for the future.

The many challenges in aerospace have forced people to look beyond just
manufacturing or the supply network. They have driven a focus on adding
value across the enterprise — taking into account the perceptions of value
held not just by customers, but also by shareholders, employees, suppliers,
communities, Congress, and other key stakeholders. From this enterprise
perspective, we see time as a critical variable, crucial to a number of inter-
dependent cycles. These include planning cycles, acquisition cycles, logis-
tics cycles, development cycles, production cycles, sustainment cycles, and
others — all of which require more than simple cycle-time improvement.
The focus is not exclusively on speeding up existing operations or
processes, but toward establishing entirely new capabilities — doing the job
right and doing the right job. Simply put, creating future value depends on
building today’s lean enterprise capabilities.

Moving Forward

This is a book about fundamentally changing an industry. Our example,
aerospace, is an industry that is technically complex and committed to
filling missions that will never be routine. Human safety, national security,
and technological strength are at stake. Other industries share these char-
acteristics. The principles of lean enterprise value we offer are not only for
aerospace, but for others facing comparable challenges.

The complexity and the compelling forces within the aerospace industry
have driven a broadening of the definition of ‘lean’. The focus has been
elevated to the enterprise level, with the aim of creating value — not just
eliminating waste. We offer our own insights with a simple, but ambitious,
objective. We believe that ideas combined with action can transform an
entire industry. Aerospace and other sectors of the economy have
embarked on this journey. We hope to accelerate the transformation wher-
ever new ways are needed to create lean enterprise value.



