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Industry Emergence

This book develops a novel industry emergence framework to explain
the features, interaction, and synchronization of key elements for the
birth and growth of new industries.

Organized around seven elements—firm strategy, technology, invest-
ment, supply networks, production, markets, and government—Theyel’s
framework provides inventors, managers, investors, scholars, and policy-
makers with a comprehensive understanding of how industries emerge,
helping them to be more successful at influencing the birth and growth of
new industries. Understanding industry emergence is important because
new industries can offer the advancement of technology, improvements
in human health and the environment, growth of firms, creation of jobs,
and economic development.

With learning objectives, theories, tools, case studies, and end-of-
chapter exercises, Industry Emergence will be a useful resource for stu-
dents and professionals in engineering, science, business, and policy.

Gregory Theyel is a Professor at California State University, USA.
He is also president of Green Visions, which assists companies with
technology commercialization, and governments with the growth of new
industries and economic development.
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Preface

Industry emergence is the birth and early growth of new industries
shaped by the interaction and synchronization of the strategic behavior
of firms, technological innovation, investment, supply networks, produc-
tion, markets, and the influence of government and other institutions. We
use this description to guide our development of a framework and our
understanding of the elements that drive the growth of new industries.

Emerging industries are groups of companies developing around a
new, often disruptive idea, technology, product, or service. The purpose
of this book is to provide inventors, firms, investors, scholars, and poli-
cymakers with understanding about how industries emerge and enable
them to be more successful at influencing the birth and growth of new
industries. Inventors and firms can benefit from a better understanding
of the multiple elements influencing the progress of their technology
and business. Investors can make better-informed decisions about their
funding of companies. Scholars can present their research in a more
systemic context, and policymakers can coordinate their efforts in con-
cert with technology, markets, investment, and firm strategy. Under-
standing industry emergence is important because new industries can
offer the advancement of technology, improvements in human health
and the environment, growth of firms, creation of jobs, and economic
development.

The unit of analysis for this book is the industry. This book is not
specifically about emerging technologies, firms, markets, or countries.
While all of these topics are related to emerging industries, this book’s
contribution is a better understanding of how industries emerge.

The book is organized around seven elements—firm strategy, technol-
ogy, investment, supply networks, production, markets, and government.
The order of the elements is not meant to imply an order of importance.
Instead, different elements are more or less important depending on the
characteristics of specific emerging industries. This is made clear through
the many emerging industry case studies presented throughout the book.
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Chapter 1 describes emerging industries, presents a framework of ele-
ments for explaining industry emergence, and introduces the concepts
of synchronization and states of industry emergence. Synchronization is
the coordination of multiple elements so that they reach a particular state
simultaneously and is the key concept for industry emergence because
important elements need to be synchronized in order for an industry to
emerge.

Chapter 2 presents firm strategy, which is how a firm positions itself
in an industry and how it uses resources to support its position. An indus-
try consists of (many) firms and the strategic decisions of individual
entrepreneurs/firms usually start the process of industry emergence.

Chapter 3 shows that technology, which is made up of design aspects,
knowledge, and usually physical components, is often the seed for indus-
try emergence. However, counter to what many scientists and engineers
will tell you, emerging industries are not only driven by technology.

Chapter 4 presents how investment plays a critical role in the emer-
gence of new industries because it facilitates the launching of firms,
advancement of technology, refinement of production capabilities and
supply networks, and development of markets. Investment is probably
the most talked about element of emerging industries, but while it is
important, the other elements in this book are also important because, for
example, failing technology or market gaps, incompetent firm strategy,
or misdirected government policy cannot be corrected solely with more
investment.

Chapter 5 is about supply networks, which we describe as groups of
individuals, firms, and institutions providing inputs for the development
of a product or service, forming and growing as an industry emerges. The
strongest supply networks encompass a wide variety of support indus-
tries, which aids in the development of alliances and benefits emerging
industries, facilitating innovation and commercialization of technology.

Chapter 6 presents production, which plays an essential role for indus-
try emergence, because technology remains a curiosity if we lack the
ability to manufacture it into a product. We define production as involv-
ing the translation of ideas into reality, and production often facilitates
the progression from invention to a commercialized product, leading to
the emergence of an industry.

Chapter 7 describes how visionaries, early adopters, and eventually
followers build markets for new industries. The rate of adoption of a
technology depends on features of both the technology and the potential
market.
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Chapter 8 shows how government plays a special role in influencing
all the other elements in the book. It is this omnipresent influence on all
the other elements that makes government so special, and is its unique
characteristic.

Chapter 9 focuses on the interaction of the elements influencing indus-
try emergence described in the preceding chapters and elaborates on the
concept of synchronization and its importance for the emergence of new
industries. Element interaction and synchronization are related concepts
because the interaction of the elements can result in co-development and
coordination leading to synchronization. This chapter also elaborates
on our three states of industry emergence — Concept, Validation, and
Diffusion.

Chapter 10 presents how this book can provide inventors, firms,
investors, scholars, and policymakers with understanding about how
industries emerge and enable them to be more successful at influencing
the birth and growth of new industries. We envision this book helping
multiple parties as they play their roles in the emergence of an industry,
but we also seek to continue the conversation about how to better under-
stand and encourage the emergence of new industries.
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1  Understanding Industry
Emergence

Learning Objectives:

*  Describe emerging industries

*  Identify key elements affecting industry emergence
*  Understand element synchronization

*  Distinguish states of industry emergence

Key Concepts:

* Industry emergence

+  Elements affecting industry emergence
»  Synchronization

»  States of industry emergence

1.1 Introduction

Emerging industries are groups of companies developing around a
new, often disruptive idea, technology, product, or service. But why
do industries emerge at such different rates? For example, why has the
digital camera industry emerged since the mid-1990s to close to com-
plete dominance today, while the solar photovoltaic industry is contrib-
uting only about 5 percent of electric power generated after more than
50 years of growth? The answer to this question is complex, just as is
the process of industry emergence. This book explains how industries
emerge when key elements such as firm strategy, technology, invest-
ment, supply networks, production, markets, and government interact
and synchronize. Synchronization, or the coordination of multiple ele-
ments so that they reach a particular state simultaneously, is the key
concept for industry emergence, because just as a conductor keeps an
orchestra synchronized or as synchronized swimmers are coordinated
in time, so too must important elements be synchronized in order for an
industry to emerge.



2 Understanding Industry Emergence

The emergence of new industries is a complex and dynamic process,
and it is vital because of the potential it offers for the advancement of
technology, improvements in human health and the environment, growth
of firms, creation of jobs, and economic development. Understanding
how industries emerge is informative for inventors, firms, investors, and
policymakers. Inventors and firms can benefit from a better understand-
ing of the multiple elements influencing the progress of their technol-
ogy. Investors can make better-informed decisions about their funding of
companies, and policymakers can coordinate their efforts with technol-
ogy, investment, markets, and firm strategy.

This book draws on multiple disciplines to illuminate industry emer-
gence and present a framework of elements that influence how industries
emerge. It shows the synchronization of the elements and the states of
industry emergence and uses many case studies of emerging industries
to support the usefulness of the framework. The unit of analysis for the
book is the industry. This book is not specifically about emerging tech-
nologies, firms, markets, or countries. While all of these topics can be
related to emerging industries, this book’s contribution is a better under-
standing of how industries emerge. This chapter describes and explains
emerging industries, presents a framework of elements for explaining
industry emergence, and introduces the concepts of synchronization and
states of industry emergence.

1.2 Industries and Emerging Industries

This chapter and book present industry emergence and its special nature
and the interaction, co-evolution, and synchronization of important ele-
ments affecting new industries. But first, it is necessary to define indus-
tries and describe their growth in general.

1.2.1 Industries and their Growth

An industry is a group of firms aiming to meet the needs of a target
group of customers with similar products and/or services. Within an
industry, firms choose from multiple strategic positions. Firms can offer
cost-leading products or services, or they can differentiate with luxury, or
highly innovative products or services. Firms may have similar offerings
or different offerings that provide similar utility, for example renewable
energy firms may offer the same technology or a different technology
that still generates electricity. Firms may choose to focus on different
types of value chain activities. For example, some firms develop and
produce products, while others market and sell them. A firm is described
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as vertically integrated if it is involved in all industry value chain activi-
ties. Unless a firm is vertically integrated, it relies on other companies
for complementary resources to deliver a product or service. Firms’ roles
change depending on where they are in an industry value chain. Firms
that develop and produce products have suppliers that provide raw mate-
rials. They are in turn considered suppliers to their customers who sell
their products. These customers sell their products to end users, who are
their customers. Thus, an industry is a complex system of firms, with
each contributing to meeting the needs of a target group of customers.

Many authors have suggested patterns for the growth of industries."?
Commeon approaches suggest that there is an initial phase where tech-
nology develops and firms vie for leadership. New ideas are explored,
developed, and experimented with in order to see the direction of the
technology and market. Over time, a standard is approached and there
is what is referred to as a ‘shakeout’ of the firms that do not win the
technology/product/business model standards battle and go out of busi-
ness or are acquired. The winners with their standard setting technology,
product, and/or business model lead an industry takeoff, or high growth
period. With fewer competing firms and a growing market, sales usually
increase, as do investment and profits. This is when production turns its
focus to scaling for greater efficiency, supply chains develop, and the
industry moves toward maturity. Decline and potentially rebirth follow
industry maturity. This briefly describes the lifecycle for industries in
general. The next section shifts our focus to industry emergence, where
it will remain for the rest of the book.

1.2.2  Emerging Industries

Emerging industries are groups of companies developing around a new,
often disruptive idea, technology, product, or service. They are new
industries offering utility through new technology, products, or services
to a group of customers. They often have new value chains and sup-
ply networks and are driven by a “disruptive idea (or convergence of
ideas)™ that turns into a new product or service and a new industry. New
industries emerge when entrepreneurs succeed in mobilizing resources
in response to perceived opportunities.* These perceived opportuni-
ties motivate individuals and firms to focus their limited resources in
a particular direction. These risk-takers hope that their hunch about an
opportunity and the quality of their resources will be the right match for
success.

The emergence of a new industry can be seen as a process that is based
on a technological innovation meeting a new or existing customer need.’
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A technological breakthrough is often responsible for a new industry.
However, this breakthrough needs to meet the new or existing customers’
needs better than alternatives, usually both on utility for customers and
on price.

Emerging industries are said to be characterized by “novel and coherent
structures, patterns and properties driving the process of self-organization
in complex systems,”® and are described as “newly formed industries that
have been created by technological innovations, shifts in relative cost
relationships, emergence of new customer needs, or other economic and
sociological changes that elevate a new product or service to the level of a
potentially viable business opportunity.”’

Common elements in the descriptions of industry emergence include
technological innovation, market needs and opportunities, entrepre-
neurs, and complex systems. These descriptions imply interaction,
co-development, and synchronization of the elements. Emerging indus-
tries are complex, and understanding them calls for an organized and
systemic approach. Therefore, we integrate the descriptions above and
present industry emergence as the birth and early growth of new
industries shaped by the interaction and synchronization of the
strategic behavior of firms, technological innovation, investment,
supply networks, production, markets, and the influence of gov-
ernment and other institutions. We use this description to guide our
development of a framework and our understanding of the elements that
drive the growth of new industries. In the next section we present our
framework, examining the interactions and synchronization of critical
elements for industry emergence, with the help of example emerging
industries.

1.3 Framework for Understanding Industry Emergence

The seven elements—firm strategy, technology, investment, supply
networks, production, markets, and government—that we represent as
horizontal ‘process bands’ in Figure 1.1 show the changes that generally
occur as an industry emerges. The order of the elements is not meant to
imply an order of importance, Instead, different elements are more or less
important depending on the characteristics of specific emerging indus-
tries. This is made clear through the many emerging industry case studies
presented throughout this book.

Vertically, we show three states of emergence: Concept, Validation,
and Diffusion. The elements must be synchronized in order for an indus-
try to grow from one state of emergence to the next. The seven elements
and three states of emergence are based on the contributions of many
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6 Understanding Industry Emergence

authors. In the following section, we summarize an array of insights
from numerous disciplines, including engineering, management, eco-
nomics, and political science, in order to assemble our interdisciplinary
framework for understanding industry emergence.

1.3.1 Firm Strategy

Firm strategy is how a firm positions itself in an industry and how it
uses resources to support its position.® The strategic options, or posi-
tions, for firms change as their industry emerges. Early entrant firms
search for opportunities while an industry first begins to emerge, fol-
lowed by firms that set the standards in an industry, for example, Intel in
the microprocessor industry and Ford in the automobile industry. Firms
begin to compete for market share as an industry emerges and grows. As
industry emergence continues, shakeout occurs as new industry entrants
join in and others exit or are acquired, as the focus shifts from product to
process innovation, and firms that excel at operational effectiveness lead
the industry (see Figure 1.1).°

1.3.2  Technology

Technology entails design aspects, knowledge, and often physical com-
ponents. The process of technology development begins with a research
discovery, followed by the creation of a working model of the technol-
ogy, that is, proof of the viability of the technology, and then advance-
ment to deployment, which is the functional use of the technology (see
Figure 1.1). Gaps in this progression may slow or even prevent the emer-
gence of an industry, as some technologies do not advance to viability
and deployment.

1.3.3  Investment

Investment often represents the lifeblood of research, innovation, devel-
opment of value chains, and commercialization.'” Investment, or finan-
cial resources committed to support a venture, is usually essential for
an industry to emerge, and with this emergence the nature and extent of
investment opportunities change. As illustrated in Figure 1.1, the avail-
ability and sources of investment are likely to vary over time as the other
elements that affect emerging industries change.

Entrepreneurs often provide their own early financial resources, in
what is called “bootstrapping.” As an industry continues to emerge,



