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Introduction

The Future of Manufacturing report (April 2012) identified a
number of factors that will shape the future of competition
between countries and companies. Three areas rose to the top
as the most critical: human capital and talent development;
innovation and technology advancement; and strategic use of
public policy emphasizing collaboration between policy-makers
and business leaders. This series of Manufacturing for Growth
reports addresses these key competitive factors and defines
ways to drive economic growth and high-value job creation
through manufacturing industry sectors.

The Manufacturing for Growth series comprises three volumes:

- Volume 1: Globally Competitive Policy seeks to define the
features of effective, comprehensive national industrial policy.
This volume focuses on six countries chosen to represent
both historic manufacturing giants and new and emerging
manufacturing powerhouses. This cross-section was
selected as representative of developed and emerging
economy nations to showcase the unique aspects of each
and, more often than not, the similarities in what
manufacturing executives recommend to policy-makers.

Volume 1 was informed by discussions with over 70 chief
executives of multinational manufacturing companies, which
resulted in:

- Policy recommendations common across all interviews
conducted in support of this project

- Specific country policy recommendations for:
e Emerging economies — China, Brazil and India

e Developed economies — Germany, Japan and the
United States

- Anoutline of various policy instruments that are available to
policy-makers and significantly influence competitiveness

- Ananalysis of some critical policy areas most frequently
cited by chief executives around the world as having a
direct impact on their companies’ ability to compete

In addition, an appendix comparing tax, energy and
environmental policy instruments for the six focus countries
discussed in Volume 1 is available for download at
www.deloitte.com/us/policyframework.

- Volume 2: Partnering for Competitiveness examines case
studies of public-private collaboration from around the world
that enable innovation and technology advancement and
promote talent development.

- Volume 3: Manufacturing Value Chains Driving Growth
illustrates the value and jobs created by specific industry
sectors — aerospace, automotive and chemicals — from a
global macro-view as well as a micro-view of the impact that
a single product value chain or single production facility can
have on a location.

To access the entire series electronically, visit
http:/wef.ch/mfglal3.
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Project Methodology

During the World Economic Forum Annual Meeting 2012, the
Forum-Deloitte LLP project team presented key findings from
The Future of Manufacturing report, the culmination of a
one-year project that explores why manufacturing is a key driver
of economic growth, how the global manufacturing ecosystem
has changed and continues to change, and what the key factors
for both companies and countries will be to compete in the
future.

In a largely unified response, project stakeholders — senior
manufacturing executives, policy-makers and civil society
leaders — directed the Forum-Deloitte team to continue the
project by defining specific, effective, near-term ways to react to
these future competitive factors. The resulting project,
Manufacturing for Growth, defines key strategies for driving
growth and high-value job creation through manufacturing
industry sectors, and provides best practice examples for
reacting to universal challenges in the area of talent development
and innovation.

The Manufacturing for Growth project brings together extensive
primary and secondary research from industry, academic and
policy leaders. The extended global project team conducted
face-to-face interviews around the world with over 70 chief
executives of multinational manufacturing companies. Insights
from these interviews were supplemented with input collected
during workshops hosting senior manufacturing leaders,
including members of the Project Consultative Group, in the
following locations:

- World Economic Forum private session in Tokyo, Japan: 24
April 2012

- Manufacturing & Society in the 21st Century, in collaboration
with the Aspen Institute, Aspen, USA: 17 August 2012

- World Economic Forum private session in Berlin, Germany:
17 October 2012

- World Economic Forum private session in New Delhi, India: 6
November 2012

- Talent-Driven Innovation Symposium, in collaboration with the
Manufacturing Institute and Alcoa Foundation, Washington
DC, USA: 28 November 2012

- World Economic Forum private session in Davos,
Switzerland: 24 January 2013

The project team also gleaned findings from the Forum’s official
sessions on manufacturing during the Annual Meeting of the
New Champions in Tianjin, People’s Republic of China, in
September 2012 and the World Economic Forum on India in
Gurgaon, India, in November 2012.

Additionally, this effort benefited from the invaluable time and
content developed with a number of experts in the areas of
policy, value chain analysis, human capital and specific
manufacturing sectors: Deloitte Tax LLP; Deloitte Consulting’s
Energy Practice; the National Association of Manufacturers;
Duke’s Center on Globalization, Governance & Competitiveness;
The Dow Chemical Company; and Nissan.



Comparative Economic and Related Data

2011 manufacturing export competitiveness by size, skill and technology
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Volume 3

Manufacturing Value Chains

Driving Growth

Macroeconomic forces, including the spread of free trade,
accessibility of digital manufacturing technology, and rise of the
global middle class, have resulted in value chains being
distributed around the globe. Research and development can
take place in one location, engineering in another and
manufacturing in yet another, while consumers are scattered
across different regions. Today’s manufacturing value chains are
complex, highly interconnected and rapidly changing, which
leads to a series of challenges and questions for policy-makers
and business leaders alike in navigating this environment. As
policy-makers drive to create more jobs and improve the quality
of life for people within a country, manufacturing leaders are
increasingly responding to an attractive global pool of talent,
resources, capabilities and consumers. An understanding of the
global, macroeconomic perspective as well as the local
perspective is critical to shaping richer, more thoughtful dialogue
between business and policy-makers.

To better inform this dialogue, Section 3 of our primer includes a
series of illustrations and analyses of the value and jobs created
in three manufacturing sectors: aerospace, automotive and
chemicals. These sectors were selected due to their size and
impact on countries, and as representative of several broader
themes: globalization, including shifting consumer and
production markets; increasing use of technology, digitization
and advanced processes; and growing requirements for a
talented workforce. Concepts are used from value chain
analysis frameworks and methods to showcase the widespread
economic value that each of these sectors brings to a country
and local economy. For each sector, the report highlights a
series of perspectives which, taken together, can help drive a
more nuanced understanding of today’s manufacturing
ecosystem:

- Global industry view — demonstrates where output or
revenues are generated today and where they are forecast to
be over the next decade. As each sector has a unique story
when it comes to global value creation, the report identifies
the messages that demonstrate what has shaped the current
global landscape and what matters with regard to
employment, talent and wages at a macro-level.

- Global trade view — analyses the import and export trends
over the past 10 years for each sector. The report looks at the
top countries that dominate the global market from an export
perspective and what the trajectory for those countries has
been over the previous decade. The changing patterns of
trade of manufactured products across borders help to
demonstrate shifting conditions — from a resource,
capabilities, political and societal perspective.

- Facility view — captures an illustrative snapshot of a
production facility and the associated economic impact on a
local community, including direct and indirect jobs, net
economic impact and induced effects from the construction
of a new plant. These analyses demonstrate why policy-
makers clamour to attract manufacturing companies to
establish operations in their city, state or region.

- Product view — conducts an examination of a single product
value chain, showing where it influences multiple locations
around the world from a consumet, jobs and supply base
standpoint. These illustrations show manufacturing sector
illustrations that are technologically advanced and
environmentally conscious, and require a variety of qualified,
skilled workers.

The report also contains commentary from value chain analysis
experts to explain why an understanding of these topics is
critical to driving growth and prosperity for companies and
countries. Also included are insights from industry experts
discussing sector-level trends that define the future of the
industry. In combination with the policy recommendations and
public-private partnership organization best practices, these
graphics, data sets and essays can inform the dialogue between
business and policy-makers by providing a global and local
perspective of the network of value and jobs created by
manufacturing sectors.

Manufacturing for Growth Strategies for Driving Growth and Employment 7



Why the World Suddenly Cares about

Global Supply Chains'

By Gary Gereffi and Joonkoo Lee

Global supply chains have been a familiar part of the international
business landscape for decades. From a management
perspective, there are always issues connected with the efficient
and timely distribution of goods that flow across supply chains.
From an industry perspective, there are questions about how the
industry is organized in terms of the size and ownership of major
manufacturers and their suppliers, and where these companies
are located. From a national competitiveness perspective,
countries are concerned about whether they can gain and
maintain the production, sales and research capabilities needed
to develop and make low-cost, high-quality or high-tech
products.? Finally, global supply chains matter for international
development as well, since the ability of countries to prosper
depends on their participation in the global economy, which is
largely a story about their role in global supply chains.

The Governance of Global Value Chains (GVCs)

Globalization has given rise to a new era of international
competition that is reshaping global production and trade and
thereby altering the organization of industries.® Since the
mid-1960s, US companies have been slicing up their supply
chains in search of low-cost and capable suppliers offshore.
This process of “global outsourcing” initially focused on the
simple assembly of parts supplied by US manufacturers, typified
by the US production-sharing or “twin plant” programme with
Mexico, but the pace of offshore production soon accelerated
dramatically.* In the 1970s and 1980s, US retailers and brand
name companies joined manufacturers in the search for
offshore suppliers of most categories of consumer goods, which
led to a fundamental shift from what had been “producer-driven”
supply chains to “buyer-driven” chains. The geography of these
chains expanded from regional production-sharing
arrangements to full-fledged global supply chains, with a
growing emphasis on East Asia.® In the 1990s and 2000s, the
industries and activities encompassed by global supply chains
grew exponentially, covering not only finished goods but also
components and sub-assemblies, and affecting not just
manufacturing industries, but also energy, food production and
all kinds of services.®

As supply chains go global, more intermediate goods are traded
across borders, and more parts and components are imported
for use in exports.” In 2009, world exports of intermediate goods
exceeded the combined export values of final and capital
goods, representing 51% of non-fuel merchandise exports.®
Governments and international organizations are taking notice of
this emerging pattern of global trade, which is being called a
shift from “trade in goods” to “trade in value added” and “trade
in tasks”.210

8 Manufacturing for Growth Strategies for Driving Growth and Employment

The GVC framework focuses on globally expanding supply
chains and how value is created and captured therein. By
analysing “the full range of activities that firms and workers
perform to bring a specific product from its conception to its end
use and beyond”,'" the GVC approach provides a holistic view of
global industries from two contrasting vantage points: top down
and bottom up. The key concept for the top-down view is the
“governance” of global value chains, which focuses mainly on
lead firms and the organization of global industries; the main
concept for the bottom-up perspective is “upgrading”, which
focuses on the strategies used by countries, regions and other
economic stakeholders to maintain or improve their positions in
the global economy.'?

GVC Consolidation and the New Math of Value-added
Trade

Over the past decade, many global value chains have
experienced a shift in production from North to South in the
global economy, and large emerging economies are playing very
prominent roles in these industries as exporters and also new
markets."”® While most intermediate goods are still traded within
large regional economic blocks like the European Union rather
than across them," Asia’s linkages to the European Union and
North America represented the two highest inter-regional import
flows of intermediate goods in 2008. Asia imported more
intermediate goods than it exported, indicating the region’s high
level of integration with global supply chains.™ In electronics,
manufacturing is concentrated to a handful of contract
manufacturers (e.g. Hon Hai/Foxconn, Flextronics and Quanta),
whose factories are also clustered in China.'®

China has benefited greatly from this high level of concentration
in global supply chains.”” China’s “supply chain cities” are a
perfect illustration of how China is turning scale-driven
specialization into a persistent competitive advantage for the
country. From foreign direct investment-driven clusters in
Guangdong to single-product clusters in Zhejiang, China’s sheer
size has allowed it to develop broad manufacturing clusters at
the regional level. These specialized clusters are linked, on the
one hand, to East Asian suppliers of key parts and components
and, on the other hand, to global buyers to bring Chinese
products to the world market.'®



Paradoxically, however, China does not create or capture most of
the value generated through its value chain exports. In fact, as
more types of intermediate goods are traded within global supply
chains, the discrepancy is growing between where final goods
are produced and exported and where value is created and
captured. For example, Apple’s iPhones are entirely assembled in
China by a Taiwanese contract manufacturer (Foxconn) and
exported to the United States. When a traditional measure that
assigns the gross export value of the product to the exporting
country is used, China is charged the total factory gate price
(US$ 194.04) in its entirety for exporting one unit of an iPhone4,
and it incurs a US$ 169.41 trade deficit with the United States for
each unit shipped - i.e. the final good factory price (US$ 194.04)
minus US inputs sent to China (US$ 24.63) and the value added
by assembly costs in China (US$ 6.54) (see Figure 1).

In value-added terms, however, most of the value for the
iPhone4 is created in Korea (US$ 80.05), which supplies the two
most expensive components — display panels and memory
chips - for the product,’® while China contributed only US$ 6.54
to the assembly of the iPhone4. Thus, the largest portion of the
US trade deficit from its iPhone4 imports is incurred not with
China, but via indirect exports from Korea and other high-value
component suppliers. This is not an exception for the world’s
largest manufacturing country. Domestic content only accounts
for about half of China’s manufacturing exports and it is even
smaller (18%) in its processing exports, mostly done by foreign-
owned firms.?°

Figure 1. US Bilateral Trade Balance with China for One Unit of
the iPhone 4 (US$)

Inputs: $80.05

Inputs: $24.63

Final good: $194.04
(factory gate price)

Inputs: $3.25
France

Inputs: $62.79
ROW

Us trade China German France Rest of World
balance with y world Total
Gross -$169.41 0 0 0 0 0 -$169.41

Value added -$6.54 -$80.05 -$16.08 -$3.25 -$0.70 -$62.79  -$169.41

Source: OCED (2011, p. 40)

Shifting End Markets and Regional Supply Chains

As world trade is bouncing back from the 2008-2009 economic
crises, developing economies are becoming the main engine of
world economic recovery. Stagnant growth in demand in the
global North since the mid-1980s was exacerbated by the latest
crisis, whereas demand is quickly growing in the global South,
particularly large emerging economies like China, India and
Brazil.?' Over the period of 2005-2010, the merchandise imports
of the European Union and the United States increased by 27%
and 14%, respectively, while emerging economies expanded
their merchandise imports much faster: Brazil (147%), India
(129%), China (111%) and South Africa (51%).

From a GVC perspective, this shift highlights the growing and
distinctive roles of lead firms from developing country vis-a-vis
global buyers in reorganizing their supply chains. In sub-Saharan
Africa, for instance, the recent entry of South African clothing
manufacturers into neighbouring countries (such as Lesotho and
Swaziland) has led to the rise of regional value chains driven by
South African retailers. Compared to the US retailer-driven
chain, these regional chains focus on shorter production runs
and quick response with higher fashion content, and are based
on direct relationships to large South African clothing retailers.??

The GVC literature shows that value chains oriented to different
end markets often entail distinct upgrading opportunities.?*2* For
example, the demand in lower-income countries for less
sophisticated products with regard to quality and variety can
have major upgrading implications.?® On the one hand, lower
entry barriers and less stringent product and process standards
in emerging markets can facilitate the participation of developing
country firms in global supply chains. They can engage in higher
value-added activities, such as product development and
design, which they would have little chance to do in the global
chains. With more intimate knowledge of local and regional
markets vis-a-vis multinational firms, they can generate “frugal”
innovations that are suitable to resource-poor environments.?®
On the other hand, solely focusing on low-income markets could
lock suppliers into slimmer margins and cut-throat competition.
Their knowledge advantage in local markets often quickly
evaporates when multinational firms catch up in learning the
markets, as found in the Chinese mobile phone industry.?”

Beyond Business Strategies

The GVC paradigm links scholarly research on globalization with
the concerns of both policy-makers and social activists, who are
trying to harness the potential gains of globalization to the
pragmatic concerns of specific countries and social
constituencies that feel increasingly marginalized in the
international economic arena. Recently, there is a growing
concern in both developed and developing countries that the
economic gains of participating in global supply chains do not
necessarily translate into good jobs or stable employment, and
in the worst case, economic upgrading may be linked to a
significant deterioration of labour conditions, or social
downgrading.?8,2° Research is now being carried out to
determine under what conditions participation in global value
chains can contribute to both economic and social upgrading in
developing countries.*

A propitious development for policy-relevant research is the
major advance in GVC metrics related to value creation and
value capture.®* As showcased by the iPhone study, existing
trade statistics are not sensitive to changing patterns of global
production and trade. This is also the area where GVC analysis
and supply chain management research can be mutually
beneficial.** Sophisticated value chain data disaggregated by
business functions can complement existing country-level trade
statistics and industry-level input-output data, providing a clear
picture of who is gaining and losing in global value chains.®*
When combined with data on employment, they will greatly
advance our understanding of both economic and social
development opportunities in the global economy.

Gary Gereffi (Ph.D., Yale University) is a professor in the
Department of Sociology at Duke University. He also serves as
the Director of the University’s Center on Globalization,
Governance & Competitiveness.

Joonkoo Lee (Ph.D., Duke University) is an assistant professor in
the School of Business at Hanyang University, Seoul, South Korea.
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Aerospace
Industry Overview



Flying High: Value, Skills, Jobs

The Aerospace industry continues to be dominated by a few countries in North America and Western Europe. However, new

entrants are challenging this paradigm, as Brazil, China, and India are poised to take greater shares of value in global aircraft
production. As competition increases in new locations, income levels and travel demands increase, and emerging markets
change — from education to security demands, IP protection to infrastructure — the aerospace industry will continue to grow and
become more global.

Global Aerospace Revenues
Civil Military
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Aerospace Employment

Most aircraft integration and assembly work is performed
manually. Workers must often use and adapt to highly complex
and frequently changing technology.
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Climbing the value chain
Component manufacturing, the industry gateway

Aircraft Parts Exports*
Parts <25% of country’s aircraft exports

" Parts >75% of country’s aircraft exports
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Value is added before and after an assembled aircraft leaves the plant
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Global Aerospace and Defence Outlook®®

Overview

Revenues for the Aerospace and Defence (A&D) industry are
expected to increase modestly in 2013, given large increases in
global revenues for commmercial aerospace coupled with declines in
defence spending. The global defence industry should expect to
see more aggressive competition for fewer large defence pro-
grammes. In contrast, the commercial aerospace sector is expect-
ed to reach record levels of revenue in 2013. The balance of defence
and commercial production activity should provide the diversifica-
tion the A&D industry may need to continue to thrive and grow.

Global Defence and Security

Continued global economic challenges coupled with revenue
gaps and cost pressures in 2013 may result in flat to somewhat
negative revenue performance, lower returns on invested capital
and margin contraction for many defence industry companies,
creating pressure to consolidate in order to squeeze out excess
defence segment capacity. In response, the segment is likely to
undergo more streamlining of its cost structure, divestiture of
non-core assets, and additions of gap filling, as well as game
changing acquisitions. Companies have also renewed foreign
military sales efforts into new geographic markets.

Global Commercial and Business Aircraft

Along with record revenues in 2013, it is likely that the new trend
of global production levels above 1,000 aircraft per year for the
third year in a row (see Figure 1) will continue. Backlogs are
expected to continue growing, with airlines continuing to update
their fleets with new fuel-efficient aircraft in order to stay
competitive. Suppliers to aircraft original equipment
manufacturers (OEMs) are likely to be challenged to keep pace
with production requirements and are expected to invest in skills
development, tooling and manufacturing capacity.

Global Outlook

The A&D industry is becoming more global due to heightened
competition, growing travel demands and increased security
requirements in emerging markets. Globalization provides
opportunities for lower cost and for technologically advanced
product introductions. Increasingly, these products can be
designed and manufactured virtually anywhere. Globalization is
also affecting product selections, in that military and commercial
customers alike are requiring that value be “offset” by placing
work in their countries of origin. This tendency is likely to
continue, as traditional countries are pressured to keep their
jobs at home, but is balanced by the need for companies to
grow revenues and continue to reduce labour costs. The trend
in the industry towards globalization is also marked by new
market entrants, particularly in the commmercial aircraft segment.

14 Manufacturing for Growth Strategies for Driving Growth and Employment

US Outlook

No matter the outcome of the budget sequester action, there is
likely to be continued pressure to reduce defence expenditures.
Continued debate on several important questions regarding US
defence and security policy and investment priorities are
expected to shape the financial performance of the defence
industry. The formulation of a renewed US defence strategy,
coupled with the resulting war fighter requirements, and
ultimately the defence budget, will likely provide the guidance
necessary for defence contractors to size their workforce
appropriately, to understand what revenues they can count on,
and therefore what their financial performance will be in 2013
and beyond.

Indian Outlook

Due to the increasing demand in A&D equipment for the armed
forces, India continues to be one of the promising A&D markets
in the world. Milestones in certain deals are expected to be
achieved in 2013, such as submarines, missiles and the Indian
Air Force Medium Multi-Role Combat Aircraft (MMRCA). More
overseas companies will be involved in the Indian market and
new joint ventures are likely to be signed between Indian private
and overseas companies. The Indian government will continue
to focus on indigenization with increasing presence of Indian
companies that could expect certain fiscal and economic
benefits from the government. Indian companies will likely
succeed with the help of foreign companies, which creates a
benefit for both.

Canadian Outlook

The Canadian A&D industry shows strong performance leading
into 2013. The increasing demand for civil aircraft, which
constitutes more than 76% of the Canadian A&D industry,
represents the main driver for growth in the segment in 2013.
Given its relatively low dependence on the defence segment, the
Canadian A&D industry is not impacted as much from the
defence downturn in the United States and in Europe.
Furthermore, Canadian defence will likely soon begin to see the
benefits of the National Shipbuilding Procurement Strategy
which awarded contracts to two Canadian shipyards that will
have an estimated aggregate value of CAD$ 35 billion over the
next 20 years.

Continued innovations that are the hallmark of this industry
should power the next generation of technology development
that can contribute to safer, more fuel-efficient aircraft, as well as
more capable weapons to help keep war fighters out of harm’s
way.



Aircraft import and export by country

The global aircraft import and export analysis illustrates country-level trends between 2000 and 2011. The export market is concentrated with
the top 10 countries representing over 90 percent of the total global export value. China, a significant importer of aircraft, has increased its
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Combined share of world exports in 1995: 33%
Combined share of world exports in 2011: 49%
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Economic impact of new aircraft manufacturing facility

A new aircraft assembly plant is expected to have a long-term annual impact
of up to $1B on a local economy.

_ _ _ $400M-$600M

P Annual net value-add to local
_ - economy from OEM alone
7 N N
, 7 Aircraft assembly plant N
\
£ - \
N \
A Supplier
\ ey \
facilities
B ‘
| \

500 / 3,000 \

New housing units Construction jobs \
/ P I

-~ - $600M O
Cost to build over two years '
\ @ I
\ 1,000 /

\ Annual direct hire employment _ —
\ 1,500 4
\ Annual indirect and induced

Ve
\ employment /
- /
~ $147M gﬁ
N Annual employment payroll |

\ $58,800 \
\ Average annual wage \
\ s
7
AN
| = $18.7M _ -7
<aais 2010 state and local taxes - $300M-$400M
(net of tax breaks and benefits) Annual net increase in demand for

local goods and services
*Scenario based on a new aircraft assembly facility in Alabama, United States.
Source: Deloitte analysis.
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New heights of globalization

Large aircraft manufacturers have truly global supply chains, partnering with and sourcing from suppliers all over the world. Each system or
component represents a value chain in itself, with implications to employment and economies. A closer look at GE Aviation and its GEnx engine
reveals the global reach of one of many complex systems that make up an aircraft.

GE Aviation Engine Value Chain

GE has orders for 15,000 new aircraft engines between now and 2020; there are currently 25,000

GE engines in use

GE Aviation has recently become more integrated with its global value chain, acquiring an Italian parts supplier
and a 3-D printing company, and creating a venture to secure access to silicon carbide, a critical raw material in
high-tech ceramics

These decisions help the company protect its intellectual property, accelerate the design and development
process, and secure supply of inputs to meet future global demand

A deep-dive look at the GEnx engine illustrates the global network that comes together to make an

aircraft engine
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About GE
GE Aviation is a world-leading provider of commercial and military jet engines and components as well as avionics, electric power, and mechanical systems for aircraft with an extensive global
service network to support these products. GE Aviation operates in more than 80 locations worldwide and employes 39,000 people; it is part of the General Electric Company, which has total global

employment of 300,000 people in 100 countries.
Source: geaviation.com/shows, 2012. Linebaugh, Kate. "GE brings Engine Work Back," The Wall Street Journal, February 2013.
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Automotive
Industry Overview



A Vehicle for Growth

The auto industry continues to grow while making a shift towards emerging economies.

The auto industry has become increasingly global with production expanding in response to newly emerging markets and
demand centers. Given its broad geographic footprint and strong jobs multiplier effect, the auto industry played a significant
role in the economic rebound following the 2008 financial crisis. Consumer demand has risen since the depths of the global
downturn, particularly fueled by strong auto demand in emerging markets, which have thereby stimulated national

and global economies.

icle Production Growth

74.3 mil 108.4 mil

@ chna
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N. America
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Japan/Korea

S. America
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Africa/Mid East

The Link between Automotive Industry and Economy

GDP and Automotive Production Growth are Highly Correlated
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Looking Forward

. Sales Growth >15 Innovation will be the catalyst in reshaping the
Production Growth CAGR 2009-11 0to15 [ automotive industry as new global trends — such
CAGR 2009-11 (%) <0 as urbanism, sustainability, connectivity, and =
percent (%) energy security — evolve and new markets

continue to grow in developing nations.

i g
17.8%
‘ '
¢ 10.1%
USA \& ’5 —

21.3% Pe— o
) Rest of Europe |© :
-y 124% - }
1 \v‘: h "‘ =1 » “'. T >
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7.2%

2y

Africa & Mid. East v 3 Japan & S. Korea
: 29.0% 4

Rest of Asia

Motor Vehicles and Parts
Employment and Wage Growth
5-Year GAGR (2004-2009) The Multiplier Effect

Employment has grown considerably For every one job

more in developing nations. created in Auto
another five jobs
are created in the
broader economy

Brazil
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Advanced Manufacturing Value-added Paradox

(AMVAP)

Economic Development Considerations for Policy-Makers

The path to economic prosperity for a nation is tied to the
robustness of its manufacturing sector, and the ability to
accumulate productive knowledge and skills resulting in
innovative products that can be competitively traded in global
markets. This premise was convincingly argued by Ricardo
Hausmann and Cesar Hidalgo in the Atlas of Economic
Complexity:*® “Our most prosperous modern societies...hold a
diversity of knowhow and...are able to recombine it to create a
larger variety of smarter and better products.” The more
advanced the product sets a nation can produce — and the more
advanced the manufacturing processes employed — the greater
the prosperity of the nation.

For policy-makers keen on creating high-value jobs for its
citizens, the answer then seems straightforward. Seek out and
attract investment from the most advanced manufacturing
organizations for the most advanced facilities possible. Indeed,
competition to attract manufacturing investment and foreign
direct investment between nations and between individual
geographic regions within nations is increasing.*” The economic
benefit or value-added to the nation — and the specific
geographic region — can be significant due to the strong
multiplier effect of advanced manufacturing through the
economy.

But do the most advanced manufacturing facilities truly have
greater economic benefit or value-added when the focus is on a
geographic region versus the nation as a whole? Should local
policy-makers seek out the most advanced research and
production facilities to locate in their community, or would they
be better off with medium- or low-tech manufacturing”?

Based on preliminary analysis, the answer is at best complicated
—and suggests that while advanced manufacturing at its highest
level may be exactly what a nation must pursue to achieve
greater prosperity, the local value-added of a geographic region
may be better served with manufacturing that lends itself to the
creation of geographic clusters of like companies and suppliers
in close proximity.

Low-tech manufacturing is easily trumped in terms of value-
added to a geographic region by medium- and high-tech
manufacturing because of the higher level of skills required and
wages paid, as well as the overall level of business and public
investment made into the region, which is typically much greater.
Additionally, the multiplier effect of medium- and high-tech
manufacturing can be greater as robust supplier networks often
co-locate in the region to further enable just-in-time (JIT)
manufacturing processes, as in the automotive industry.

But as the product becomes increasingly sophisticated and
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complex, requiring unique or specialized suppliers contributing
complex subsystems and access to advanced global supply
networks, as occurs in the aerospace industry, the close
proximity of supplier to manufacturing or final assembly facility
location often gives way. The critical requirement of access to
specialized suppliers and unique global supply networks — not
located in close geographic proximity — takes priority. The
value-added to the geographic region may actually be less, if
clusters of like companies and their supply base are not formed
in the region as a result of the need to access highly specialized
and advanced suppliers in other parts of the world.

While a linear relationship was expected between the economic
value-added for a region and a higher level of advanced
manufacturing, the research instead found more of an “inverted
U” parabola. This suggests that there is some level of optimal
advanced manufacturing facility for a region, after which a
diminishing benefit accrues. This most likely varies considerably,
depending on a number of factors including the maturity, vitality
and competitiveness of the region’s underlying manufacturing
supply network and the degree to which similar manufacturing
organizations and public infrastructure — such as research
universities and technology centres — are present in the region.

Advanced Manufacturing Value-added Paradox (AMVAP)
Model

Advanced Manufacturing Value-Add Paradox (AMVAP) Model
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Automotive import and export by country

The global automotive import and export analysis illustrates country-level trends between 2000 and 2011. In 2011, the top 10 exporters,
m primarily developed economies, (highlighted below) represented over 70 percent of the total global export value. Over this same time period,

developing economies, led by China’s 1,377 percent increase, demonstrated significant growth in imports.
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Legend:
I 2000 Import value
m The 10 countries whose share of the world’s total automo-
2011 Import value tive exports grew the most between 1995 and 2011
[0 2000 Export value South Korea Thailand
[ 2011 Export value China Slovakia
-+ 9% change Import/Export Value 2000-2011 Mexico Hungary
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Source: Deloitte and Maplecroft analysis. WTO. Combined share of world exports in 2011: 24%
Note: All trade values expressed in constant 2011 $US billions
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Economic impact of new auto assembly plant

7@ An automotive assembly facility can have a profound impact on regional
O™ and local economies.

_ - -9%21B

- Annual OEM net value-add
_ - to local economies
/ ~
y OEM assembly plant \
N\
\
\
Supplier \\
E y. facilities
\ \
4,600 ! $211M ‘\
New housing 0 2010 capita -G}g)
UnitS / = investment 24,300 |
_ $1.5B Direct/indirect/induced |
|~ - - Cumulative capital investment emEREEES |
\ $566M
Annual employment payroll |
\ $23,300 /
\ 10,000 Average annual wage =
\ “ Direct/indirect/induced -

employees

/7
/

\ $518M ﬁ
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N $51,800 I

\ Average annual wage \
\ \ —

|

$61.3M .7

-—

ol 111 " 2010 state and local taxes — — — — $1 .7B

Annual net demand
increase for local goods and services

*Scenario based on an new assembly facility in Alabama, United States.
Source: Deloitte analysis.
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Global vehicle, sourced locally

The 2013 Altima is manufactured with parts from suppliers headquartered all

over the world, with supplier sourcing clustered around the sites of assembly in Smyrna,
Tenn., and Canton, Miss.

The Altima is primarily sold in North America, though it is exported to a number of global
locations, including Australia and the Middle East.

The production of the Altima directly supports over 26,000 Nissan jobs across the value
chain - both in the U.S. and abroad.

Nissan human capital allocation for the Altima built in

the Americas
(Approximate number of employees)

N { W Japan - Headquarters Category
3 ﬂ W Australia Manufacturing 6,300
4, c . M Saudi Arabia

Nissan Altima Supplier Headquarter Nations and Export Locations

‘ » ,ﬁ B United Arab Emirates Reasearch & Development and Design 600
h _‘E Mexico .
W Kuwait Marketing & Sales 280
: South Korea Distribution & Sales 19,400
Europe

\_‘ — Exports

Pillar Acoustic

Foamed Seal Pressure
(Only select countries depicted) Relief Valve

Winona, Minnesota

Front Grille Assembly

Evansville, Indiana

ABS Wheel-Speed Sensors
New Albany, Indiana

Interior Auto-Dimmiing Mirror

Grandview, Missouri

Washer -Reservoir
Freemont, Indiana

Supplier Plant Locations

. 3 Holland, Michigan
for the Nissan Altima o

Side Door Latch

Holly, Michigan
Rear Door Water Shield

oseville, Michigan
Rear Door Water Shield

Rogers City

Qil Pan Assembly
Richmond, Kentucky

Side Air Bags

Columbia City, Indiana
Steering Column

Hamilton, Ohio
Starter

Smyrna . | Backlite Glass 'Mason, Ohio

Tennessee . Elizabethtown, Kentucky
Canton Sideshafts

Mississippi Timberlake, North Carolina
Suspension Member

Morrison, Tennessee
Air Cleaners

Murfreesboro, Tennessee
Fuel System

Side Airbags
Ogden, Utah

Anderson, South Carolina
Splash Guard

Cullman, Alabama

Steering System

Ennis, Texas
Rear Door Water Shield Backlite Glass
Schertz, Texas Alabaster, Alabama

Altima Manufacturing Locations
Steering Column

@ Altima Supplier Locations Calvert, Alabama

About Nissan

Headquartered in Yokohama, Japan, Nissan Motor Co., Ltd. manufactures vehicles in 20 countries and areas of the world and offers products and services in more than 160 countries. With 2011
sales of over $105 billion, Nissan employs more than 160,000 people worldwide.

Source: Nissan Motor Co., Ltd. Nissan 2012 Annual Report. 2012 HS.
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Chemicals
Industry Overview



CHEMICALS FUELING EMERGING NATIONS

Global Chemical Production Surges

N
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Chemicals Wages Spike

Percent of Growth in Employee Wages (2000-2009)
Wages expressed in 2009 $USD

Wage Increase [l

Wage Decrease [

Global Chemicals Players
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Advanced Materials Systems®®

Challenges associated with traditional business models of selling
materials by volume have become increasingly apparent in
industry performance for the past two decades. At the same
time, many manufacturing sectors have seen significant rates of
erosion in their performance. Yet, industries that are enabled by
materials are particularly well poised to capture value in current
global markets through the development of systems-level
solutions to address globally unmet needs.

The Advanced Material Systems (AMS) framework provides a
new way for manufacturers to address these challenges and
invigorate value generation by pursuing opportunities in large
markets, enabled by materials technologies. This approach has
the potential to spur growth, create value and renew innovation
by delivering functional solutions (physical systems enabled by
the specific performance properties of materials and process
technologies) to markets and customers to address unmet
market needs driven by global megatrends.

Advanced Marterials Systems Framework

Megatrends

Materials Process

Impact
and value

Business models
and ecosystems

Open innovatio®

Source: DTTL Global Manufacturing industry group, October 2012

The AMS framework calls for utilizing inventive combinations of
materials from existing industry inventories (versus solely relying
on discovering new molecules and materials), process
technologies, new business models and open innovation
partnerships. It is a call to action for players in AMS to rethink
conventional approaches. Four areas of opportunity for creating
and claiming value in a complex, evolving AMS landscape are:

1. Open innovation: Open innovation describes companies’ use
of external and internal ideas, technologies and resources to
reach the market. Innovations include technology and
product development, and approaches to commercialization
through partnering to take solutions to market.

2. Systems-level design: In the AMS framework, value-capture
lies in the capacity of existing materials to serve as building
blocks for integrated solutions, rather than in their inherent
commodity value. Deloitte research shows that markets now
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favour systems integrators over materials suppliers, thereby
ushering in a new era of integration engineering.

3. Global market trends: Evolutions in global markets point to
challenges and opportunities for AMS solutions: 1) carbon-
source-agnostic fuels and chemical feedstock as alternatives
to petroleum; 2) more emphasis on the circular economy;,
requiring materials’ reuse to be engineered at the systems
level of functional solutions; 3) decentralized and scalable
solutions to serve emerging markets; and 4) the increasing
role of reverse innovations.

4. End-user-defined performance criteria: Implicit to potential
value capture in AMS is a keen understanding of real end-
user needs and a willingness to permit end-user performance
requirements to dictate the design of AMS solutions.

With the AMS approach, innovation moves beyond the frontier of
new molecules and materials to functional solutions that use
combinations of materials, process technologies, new business
models and open innovation partnerships and collaborations to
create and grow new businesses.

Case Study - Public-Private Partnership: Carbon-Fibre
Composites

Stakeholders Ford Motor Company, The Dow Chemical
Company and Oak Ridge National Laboratory have partnered to
explore carbon-fibre composites for low-cost, energy-efficient
transportation.

Unmet need: Ongoing trends related to sustainability and
energy-efficiency have resulted in a need to reduce high-
volume-vehicle weight and energy consumption.

Material innovation: The manufacture of lighter-weight vehicles
calls for carbon fibre to be developed at a lower cost and high
volume. The Dow Chemical Company (Dow) has partnered with
the US Department of Energy’s (DOE) Oak Ridge National
Laboratory (ORNL) to expand the sources of precursors for the
carbon fibres needed to make composites affordable for the
automotive industry.

Process technology: Process and design technologies that
enable these materials to be applied to composite automobile
frames, as well as manufacturing methods for high-volume
applications, will be the key for success. Frames made with
these innovative designs and manufacturing processes could
potentially reduce vehicle weight by up to 750 pounds.

Ecosystem and business model: To best utilize their combined
expertise in materials, process technologies and federal research
grants, Ford, Dow and ORNL established a partnership in April
2012 to develop these lower-cost, energy-efficient vehicles, to
which the US DOE committed US$ 9 million in June 2012,



Chemicals import and export by country

The global chemicals import and export analysis illustrates country-level trends between 2000 and 2011, Historically a concentrated market, the
current export landscape is increasingly global with the top 10 countries representing only about 60 percent of the total export value. Germany
and the United States, however, continue to drive the market, occupying the top two positions of both the global import and export markets
SAUAS in2011.
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Source: Deloitte and Maplecroft analysis. WTO.

Note: All trade values expressed in constant 2011 $US billions
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“l Economic impact of new ethane cracker

A new petrochemical facility that would process ethane is projected to have
total annual economic output of $4.8B.

Attracts a wide range of industry and

— — 7 suppliers to nearby locations:
P Could attract up to $16B in
- private investment
4 N
y Ethane cracker \
/ \
Z - \
N \ \
E h . Supplier °,
A | facilities \
g 1B-$2B
company spent over | QI ﬁvestmﬁﬂ \
$26M by purchasing ; =T \
goods and services 10.000
from local vendors @ )
and businesses / <" Direct construction jobs

1
I
I~ =" 8,000 |
| Indirect construction jobs @ ’

\ /
\ 2,000-8,000 —
) ) -
\ " Direct/indirect/induced employees , -
\ $50M /
Annual employment payroll
N3 / i
~ 400-600
N Operations jobs at the plant [
\ \
\
\ —
The company pays more than P [ |
I $16M million in state and local taxes - . N
. and $6M is property taxes that _ -

-

help fund public education as well

Sans as police and fire departments.

*Scenario based on a new petrochemical complex in Pennsylvania, United States.
Source: Deloitte analysis.
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Dow’s global, highly-skilled workforce

Operating successfully in the chemical industry requires a skilled labor force and geographic proximity to end markets; Dow Performance
Packaging, a division of Dow Chemical Company, illustrates both of these attributes. Dow Performance Packaging is an $11 billion global

business that is the largest materials supplier to the packaging sector. Performance Packaging boasts a diverse portfolio with 4,055 products

and 160 end use applications

Partial Overview of Dow Ethylene Value Chain

Ethylene is a critical input to the production of high-value derivatives that support a
wide range of industries. Dow’s flexibility at its U.S. and European crackers enables
use of different feedstocks in response to price conditions.

Highly Skilled Chemical Workforce

Of Performance Packaging’s 3,491 global
employees, an estimated 70% are in
technical, STEM-related roles.

Business
marketing
Services 108
Customer service 156 3%
216 5%
Building Block 6% Manufacturing &
Ethleyene Elastomers (appliances, power tools Sales engineering
and electronics 218 1,900
A 6% 55%
Feedstocks Electrical & Research and
| telecommunications development
Ethane | 221
6%
Propane  — Polyethieyene ~ —i—> Hygiene & medical )
| Technical

Butane services &
Naptha _) development

housewares 316

9%
Supply chain
356
10%

Dow Performance Packaging’s Geographic Footprint

Performance Packaging operates 11 manufacturing facilities worldwide. From these sites, it delivers over 300,000 shipments per year to its 2,000+ customers
in 100 countries.

2011 Sales
by Geography
North America
Latin America 35%
21%

’,o’ Asia Pacific

13%

Europe, Middle East,
Africa
31%

[0 Country containing Dow Performance Packaging facility
A @ Location of Dow Performance Packaging facility

About Dow

Dow Chemical Company is the second largest chemical company in the world with $60 billion in sales. Dow employs over 49,000 at its 197 manufacturing sites in 36 countries and sells to
customers in 160 countries
Source: The Dow Chemical Company; 2011 Databook: Solutions at Work Dow Databook. 2012.
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Infographic End Notes

34

Flying High: Value, Skills, Jobs: Deloitte analysis based on
data from:

- Deloitte & Touche LLP and the Aerospace Industries
Association of Canada. Global Aerospace Market Outlook
and Forecast, Phase 3. October 2010. Civil and Military
historical and forecasted revenues.

- Bureau of Labor Statistics, Hourly Compensation Costs
for All Employees: US Dollars (2007 $).

- German Aerospace Industries Association
(Bundesverband der Deutschen Luft- und
Raumfahrtindustrie e.V. — BDLI). Press release: The
German Aerospace Industry 2011. 16 April 2012.

- Groupement des Industries Francaises Aeronautiques et
Spaitales. Assessment of the French Aerospace, Defence
Electronics and Security Industry 2011. April 2012,

- Aerospace Industries Association of Canada. The State of
the Canadian Aerospace Industry Performance 2011. July
2012.

- Aerospace Industries Association. Year-end Review and
Forecast. December 2012.

- UK Aerospace Survey 2012.
- Aerospace and Defence Industry Association Europe.

- Import, export data from UN Comtrade, US International
Trade Commission database. Data shown from 2011.

- Team SAl, The Global MRO Forecast 2012-2022. MRO
Americas 2012 Conference (http:/teamsai.com/media/
content/2012_teamsai_global_mro_forecast_120329-
print-ver-final.pdf).

- Tortoriello, Richard. Standard & Poor’s Aerospace &
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