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The Modern Silk Road: Aviation in the Age of Sustainable Urbanization

In the ancient world, the Silk Road was a vast network of trade routes traversing
Asia, connecting East and West. Towns and cities that lay along these routes
benefited from stronger economies, improved political ties, and a steady exchange
of new ideas. The ancient Silk Road strengthened communities from China to the
Mediterranean Sea.

In today’s rapidly urbanizing world, global air transport has become the modern
Silk Road. Commercial aircraft crisscross the planet, carrying people and goods,
and helping to connect isolated regions to the global community. Cities look to
aviation to strengthen their economies and improve their quality of life.

Once, being connected to the Silk Road was an advantage. In the 21st century,
it is a necessity.

IN BRIEF

Urbanization is one of the megatrends of the 21st century. The share
of the world’s population that resides in cities will grow from more
than half today to nearly two-thirds by 2050.

The growth of cities will create new wealth and support a middle class
that could number 5 billion people by 2030, with the fastest growth

in Asia and the developing world. This booming population segment
will seek greater access to opportunities and services—including a
skyrocketing demand for commercial aviation.

To meet this need, the number of commercial aircraft in service

is expected to grow from about 26,000 today to approximately
46,000 by 2030.

Commercial aviation will play a fundamental role in developing
sustainable cities by raising standards of living and enhancing the
creation of healthy urban environments.




More People, More Cities and Wealth

In 2007, for the first time in human history, more people around the world lived in
cities and towns than in rural areas.! A global urban population totaling just 746
million in 1950 ballooned to 3.9 billion people in 2014. The United Nations forecasts
the addition of 2.5 billion more city dwellers by 2050, meaning two out of every
three human beings will live in an urban area.

Of course, the pace
of urbanization will Urban and Rural Population of the World
vary dramatically from
region to region. While
still continuing to
grow, North America, 5000
Latin America, and 4000
the Caribbean (at
about 80 percent
combined) are the
most urbanized areas
in the world. The most
rapid growth will occur
in developing regions.
The urban population
in Africa, for example,
is expected to grow from 40 percent to 56 percent by 2050. In Asia, the proportion
of city dwellers over that same period will increase from 48 percent to 64 percent.
India, China and Nigeria alone will account for more than one-third of the projected
growth of the world’s urban population between 2014 and 2050.
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Cities vary dramatically in size, from megacities with more than 10 million
inhabitants to cities of fewer than 500,000 inhabitants. In every case, however,
urban landscapes are focal points for trade and tourism, requiring world-class
mobility both within the city and to connect its residents with the outside world.

Urbanization is one of the megatrends of the 21st century, and history tells us that
this could be a very good thing. Cities have long been the source of humanity’s best
ideas and most vibrant culture. Cities are also where wealth is created; capital and
markets are accessible, innovation is prized, and labor is put to productive use.
Few places can lift people from poverty to prosperity faster than a healthy city.



Why do cities work? Because they foster physical connections, allowing human
beings to work face to face. In other words, cities optimize human capital. For
all the benefits of modern communications, from smartphones to the Internet,
people still collaborate best through personal contact. “The strength that comes
from human collaboration,” one observer believes, “is the central truth behind
civilization’s success and the primary reason why cities exist.”

The numbers bear this out.
Cities are able to generate improvements referred

to as “superlinear scaling,” the result of economies
in production and distribution, the ability of industry

players to cluster, the attraction of diverse talent, By 2030, 5 billion

and something called “buzz” —the desire of people, or two-thirds
ambitious individuals to be where the action is.® of the global population,
These superlinear factors can lead to surprising could be middle class

results. For example, one study has found that by
simply doubling the population of an urban area,
each inhabitant becomes, on average, 15 percent
wealthier and 15 percent more productive.* Studies have also found, on average,
that as a country’s urban population rises by 10 percent, the country’s per capita
output increases by 30 percent.®

The result is that cities leverage human capital in ways that have an outsized impact
on the world’s wealth. And in the process, urbanization has created a new, global
middle class that is larger, healthier, and wealthier than at any time in history. By
2030, 5 billion people, or two-thirds of the global population, could be middle class.

Members of this dynamic segment can anticipate longer life expectancies, higher
levels of innovation and economic activity, improvements in literacy and education,
greater access to social services, and better opportunities to participate in political
and cultural processes.®

They also expect to fly—and in extraordinary numbers.




More Wealth, More Travel

Less than 20 percent of the world’s population has ever flown on an airplane,
according to research conducted in 2012. However, a 2013 study of Americans
(who comprise a comparatively higher proportion of middle-class consumers)
found the inverse of this global metric: less than 20 percent had never flown.’
Middle-class consumers embrace commercial travel.

These statistics suggest that between now and 2050, growth in commercial
aviation will accelerate at an unprecedented rate. The desire of city dwellers to
travel for pleasure and explore new cultures will mean new planes, new routes,
and new services. Business travelers’ demand to access locations all around

the world will grow as markets expand. Moreover, the simple desire for a newly
mobile workforce to return home periodically to visit their families will create record
demand for commercial aviation.

Mobility and connectedness rely on the modern Silk Road, where the miracle

of commercial air travel becomes essential to everyday life. Just how essential?
That became obvious in April 2010 when ash from Iceland’s Eyjafjallajokull volcano
closed large parts of European airspace for eight days, and various sectors
intermittently for a month. This disruption forced the cancellation of more than
100,000 flights, delaying the travel of 10 million passengers around the world.

The airline industry lost $1.7 billion®—but this was just the start.

Producers of flowers, seafood and produce in Africa experienced worker layoffs
and economic losses, while consumers in European and Asian nations suffered
shortages of these same products. Automotive and electronics supply chains
were disrupted across two continents. Pharmaceutical companies worried about
spoilage of their high-value, lifesaving products. Schools, sporting events, and
political activities were cancelled. Travel firms catering to tourism folded. This
single, month-long disruption was a stark reminder that commercial aviation is
already foundational to trade, tourism, and quality of life for billions of people
around the world.®

This single, month-long disruption was a stark
reminder that commercial aviation is already
foundational to trade, tourism, and quality of
life for billions of people around the world




Forecasts for the global commercial fleet indicate that it must grow quickly to meet
the demands of an urbanizing world. In fact, the number of commercial aircraft in
service is set to nearly double over the next 15 years — from about 26,000 today

to approximately 46,000 by 2030.'° Meanwhile, 3.5 billion passengers flew in 2015,
a number expected to grow 4.8 percent annually through 2033."" By then, the
industry could serve 6.5 billion passengers, support 103 million jobs, and generate
$5.8 billion annually in economic activity.'?

Along with moving billions of passengers annually,
air transport carries an astonishing 35 percent of the

Forecasts for 2033
total dollar value of all global trade.™

indicate that two-thirds
of the population in
emerging countries will
take one trip per year

Growth in aviation will put the power of the new
middle class on full display. Forecasts for 2033
indicate that two-thirds of the population in emerging
countries will take one trip by plane per year. Some
27 percent of all plane trips in the next 20 years

will be to visit friends and relatives.’ Revenue passenger miles—a fundamental
measure of the health of commercial aviation—are forecast to increase from about
2 trillion in the year 2000 to nearly 9 trillion in 2030.°

And, with a combined 40 percent share of revenue passenger miles, the nations
of Asia-Pacific—urbanizing at an accelerating pace —will lead the world in air
traffic by then.'®

A Growing Investment in Aviation

Investment in aviation infrastructure is racing to meet the demands of the flying public.
China had 182 airports in 2014. It expects to have 300 by 2030." In Indonesia,
Southeast Asia’s fastest-growing economy, 13 airports have been listed for expansion
and refurbishment.'® The development of Soekarno-Hatta International Airport in
Jakarta is an example of emerging consumer demand; built in 1985 to accommodate
9 million passengers annually,' it is today the world’s eighth busiest airport, handling
more than 62 million passengers annually.?®




While India has 16 airports designated as international and 454 in total, the
government plans to build another 200 low-cost airports to connect its smaller towns
and cities.?' On the eastern Mediterranean, the Queen Alia International Airport in
Jordan has adopted a modular design that will accommodate capacity increases
from 3.5 million passengers annually to 12 million by 2030.22 Development at Zagreb
International Airport in Croatia includes a new terminal that will welcome 5 million
passengers annually, some 2.5 times current capacity.?

In the last decade, Middle Eastern hubs have grown faster in terms of passenger
demand than any other region in the world.?* Cairo International Airport, the largest in
Egypt and second largest in Africa, is increasing its capacity by 8 million passengers
per year, with the goal of accommodating 26 million passengers a year. This growth
will support both job creation and tourism.?* Saudi Arabia has four international
airports and 26 domestic or regional airports. The kingdom expects to spend $5.3
billion in the development and refurbishment of its airports over the next 20 years.?
Hamad International Airport in Qatar opened in 2014 and crossed the 30 million
annual passenger mark just two years later. The airport is now being expanded

to accommodate 53 million passengers annually by 2020.2” And Abu Dhabi’s
International Airport is also expanding through construction of a new terminal that will
increase annual passenger capacity from 23 million to 45 million passengers, helping
attract new business and tourism.?®

In Dubai, two projects are slated
to quadruple passenger capacity
in the next 30 years.?® Dubai
International —already among
the world’s busiest airports with
75 million annual passengers —
recently put the finishing touches
on a new, $1.2 billion Concourse D that will expand annual passenger capacity at the
airport to 90 million.*® And Dubai’'s second airport, Al Maktoum International, is in the
first phase of a project slated to expand its capacity by 2045 to more than 200 million
passengers annually — putting it on pace to become the world’s largest airport.

In the last decade, Middle Eastern hubs have
grown faster in terms of passenger demand
than any other region in the world

The developed world is also feeling pressure from these new demands for commercial
air travel. Heathrow Airport in the London suburbs, the third busiest airport in the
world, welcomes 70 million passengers from 193 destinations.®' However, forecasts
suggest that Heathrow, already pushed to 98 percent capacity,® will need to handle
320 million passengers in 2030 and 480 million in 2050. Some believe even these
estimates are low.*



Along with developing new infrastructure, the airline industry is also creating novel
business models to accommodate the rising middle class. Lower-cost carriers have
carved out a strong position in emerging markets. In Europe, for example, budget
operators account for about 40 percent of seat capacity—while in India and Southeast
Asia they account for 60 percent.>*

For middle-class and business travelers around the world, the real cost of air travel
has decreased by 60 percent since 1970, making commercial air an affordable and
essential part of the professional and personal lives of billions of people.®

Aviation and the Sustainable City

Urban growth is not without formidable challenges, however. Sometimes
infrastructure is overwhelmed by growth, reducing mobility. A city’s inability to
provide adequate sanitation, clean water, and nutritious food compromises the
health of its residents. Poor planning around land use, building, and commercial
development can create joblessness and homelessness.

Cities where growth outstrips infrastructure and economic opportunity develop
slums, health crises, pollution, and greenhouse gas.

In 2016, the United Nations adopted a set of goals intended to accelerate
sustainable global development.® One key objective is to make cities inclusive,
safe, and sustainable. Another is to build resilient infrastructure, promote
sustainable industrialization, and foster innovation.®’

Strategies adopted by the U.N. to meet these goals include:

Providing access to safe, affordable, accessible, and sustainable
transport systems

Reducing environmental impact by focusing on air quality and waste
management, and by adopting integrated policies designed to mitigate
climate change

Strengthening regional and trans-border infrastructure

Helping to expand the commercial fitness and technological capabilities
of sister cities—especially in developing, landlocked, and small-island
developing countries.®®




Needless to say, global aviation is uniquely positioned to support these strategies,
and to enhance the long-term growth of the earth’s sustainable cities. Three
aspects of the industry are particularly relevant:

Commercial aviation creates jobs and promotes
economic opportunity in every region of the
world. This truly global industry supports 58.1 million  If aviation were its own
jobs around the world and 3.4 percent of worldwide  country it would be about

GDP. If aviation were its own country it would be the size of Switzerland,
about the size of Switzerland, ranking 21st in the ranking 21st in the world
world in GDF. in GDP

By 2026, aviation is forecast to contribute $1 trillion
to world GDP.*°

Aviation provides the kind of high-tech, value-added jobs that can lift people from
poverty while enhancing urban infrastructure and mobility. In 2012, airports alone
invested $19.3 billion in construction, creating employment and enhancing global
mobility. On average, aviation jobs are 3.6 times more productive than other jobs,
and they improve productivity in other sectors by connecting markets, enabling
knowledge transfer, and supporting tourism.*°

Commercial aviation enhances “air connectivity,” strengthening the modern
Silk Road. “Air connectivity” is a term defined by the International Civil Aviation
Organization (ICAO) to indicate an aviation network’s ability to move passengers
seamlessly from origin to destination.*' Improved air connectivity reduces travel
times, strengthens business, bolsters human capital, and grows tourism—all
essential to the sustainable city.

Sir Peter Hall, who has studied the composition of urban areas from ancient Athens
to modern San Francisco, found that vibrant, creative cities are “cosmopolitan, with
a diverse mix of peoples and culture, places of intellectual ferment, experimentation,
and non-conformity, drawing in free spirits from far and wide.”*? The underlying
theme Hall emphasizes is that healthy cities—even with today’s instantaneous
communication technologies —depend upon mobility and connectedness. Personal
contact remains essential in creating and sustaining modern urban areas.

A study of 2,300 business executives conducted by the Harvard Business Review
confirms this point.*® The study showed a broad consensus that in-person meetings
are essential to successful long-term relationships. This consensus was especially
true when leaders were asked to communicate with colleagues who had different



languages and cultural backgrounds. One executive noted that technology can
sometimes meet the needs of face-to-face communications but cannot cover

“the side networking, the sidebar meetings and the interaction” that occur before
and after the official meeting. Another said that communication via email and

phone cannot generate the level of confidence required to move business ahead.

A third executive concluded that such communication “cannot deliver the level of
confidence and understanding that in-person meetings bring to the table. . . . Face-
to-face communications contact is the broadest bandwidth communication

you can have in professional life.”

Being on the ground in a city is also essential to gauging local and competitive
conditions. “There is nothing better than going to the local coffee shop,” one
respondent said, “or on a walk down the main street to see what is really going on.”
And without face-to-face meetings,

) _ creativity suffers. “When we reduce
Emails and phones cannot deliver investment in relationship building, we

the level of confidence and see more friction in interactions between
understanding that in-person colleagues in different locations,” one
meetings bring to the table manager said. “This in turn promotes

insular thinking and reduces the possibility
of innovation.”

The need to widely share new innovations is explicit in the U.N.’s sustainability
goals. This prerequisite makes successful technology transfer indispensable,
especially in a world where cities in developing countries can make huge advances
by leapfrogging legacy technologies.

Technology transfer is a practice heavily dependent on business travel because
technological knowledge is described as “tacit.” That means it is difficult to convey
with simple verbal or written instructions. People tasked with transferring technology
may not even be aware of the knowledge they possess or its value to others.
Successful technology transfer demands personal contact, regular interaction,

and trust.** When done well, it can transform distribution, manufacturing
capabilities, and partnering solutions. On average, a 10 percent increase in
business travel leads to an increase in patenting by about 0.2 percent.*

Along with technology and people, a city’s enhanced “air connectivity” moves fresh
produce to market more quickly, gets medicines and vaccines to locations requiring
them, supports just-in-time global manufacturing, and enhances disaster readiness
and humanitarian assistance. Commercial airlines also support tourism; 52 percent



of international tourists travel by plane.*® In fact, a study done for the U.K. Airports
Commission revealed that a 10 percent increase in seat capacity could grow
tourism dollars within the U.K. by 4 percent, improve U.K. product imports by

1.7 percent and exports by 3.3 percent, and short-term GDP by 1 percent.*’

One estimate says that the improvements in connectivity from aviation have raised
global GDP by $200 billion in the last two decades.*®

Finally, commercial aviation can contribute directly to the success of cities
around the globe in reducing climate emissions, maintaining healthy urban
environments, and healing the earth.

International air travel already features aircraft that are 70 percent more efficient
and 75 percent quieter*® than the aircraft of 40 years ago. But the industry has
challenged itself to do far better.

In February 2016, a working group of the International Civil Aviation Organization,
the United Nations’ aviation agency, released a draft of the first-ever binding
agreement to cover emissions for aircrafts. If ratified later this year, new efficiency
standards will apply to all new commercial jets delivered after 2028.%°

In parallel, the International Air Transport Association has established goals that
include improving fuel efficiency by 1.5 percent annually from 2009 to 2020,
capping net aviation carbon dioxide (CO,) emissions in 2020 (carbon-neutral
growth), and reducing net aviation CO, emissions by 50 percent by 2050, relative
to 2005 levels.®

One estimate says that the improvements in global
connectivity from aviation have raised global GDP
by $200 billion in the last two decades




Supporting Sustainable Urbanization

The 21st century will be marked by vast urban growth. With the rise of cities comes
wealth, and with wealth comes a middle class that will demand new goods and
services. One of those services already experiencing unprecedented demand is air
travel, which must grow rapidly and sustainably over the next generation to meet
the needs of people and commerce. By expanding this modern Silk Road, global
aviation can promote economic opportunity, provide attractive jobs, and enhance
the health and well-being of the cities and regions it serves.

Why do we care? Because healthy, connected cities are, on a per capita basis, the
single most sustainable form of community in which human beings live.

“Cities are much more efficient in the
consumption of resources,” says William
Meyer of Colgate University, including the

Healthy, connected cities are, use of land, water, and energy. Compared to
on a per capita basis, the rural and suburban areas, urban living spaces
single most sustainable form are smaller, transportation more efficient,

of community in which human and waste products more easily recycled.
beings live And urbanization has the added impact of

reducing population growth because city
dwellers tend to have “smaller families, but
they invest more in each child.”®?

One of the other striking features of the world’s emerging middle class is its
embrace of sustainability as essential to quality of life. Opinion polls taken of
China’s new middle class show growing levels of environmental awareness,
especially among the more educated and wealthier.>® This influential segment has
environmental knowledge, access to resources, and relationships with the media
and officials capable of effecting change. Environmental organizations in China
have tackled everything from food scandals and industrial accidents to water and
air pollution. And China is already a leader in wind power, and the world’s largest
solar market.

Top-scoring consumers in National Geographic’s 2014 “Greendex”>* studly,
designed to measure individual environmental behavior, resided in the developing
economies of China and India. In fact, Indian consumers scored first among 17
countries. India’s middle class is most likely to minimize the use of fresh water and
wash laundry in cold water to save energy. They are also among the most likely to



use solar energy to heat running water. A separate government report found that
“environmental and social responsibility are not thought of as transient ideals, but as
foundational principles”®® among Indian citizens.

Universities have also taken up the cause of sustainability, reflecting the needs

of this new middle class. The United Nations Educational, Scientific and Cultural
Organization (UNESCO) reported that, over the last 20 years, institutions of higher
education have introduced new courses related to sustainable development,
extended supporting research, and made significant efforts to “green” their own
campus operations. More recently, the United Nations Environment Programme
(UNEP) created a global partnership that included 370 universities committed to
implementing sustainability practices into their curricula.

In short, the children of the world’s emerging middle class are being educated in an
academic environment unlike anything before, one where sustainability is an integral
part of their formal education. This suggests that the next generation of residents
along the modern Silk Road will be better prepared to balance economic growth
with healthy and sustainable lifestyles.

In a very real way, when global

aviation supports healthy This suggests that the next generation
urbanization, it also supports a of residents along the modern Silk
burgeoning middle class working Road will be better prepared to balance

in new, dedicated ways to create

, economic growth with healthy and
a sustainable world.

sustainable lifestyles

UTC and Sustainability

United Technologies Corp. provides technology products and services to the
building systems and aerospace industries worldwide. Its Pratt & Whitney segment
supplies aircraft engines for commercial, military, business jet, and general aviation
markets. The company’s UTC Aerospace Systems segment designs, manufactures
and services integrated systems and components for the aerospace and defense
industries while supporting a global customer base with significant worldwide
manufacturing and customer service facilities.



United Technologies has been actively engaged for decades in making urban
centers more sustainable places to live and work.

“At our core,” says Greg Hayes, President and Chief Executive Officer, “United
Technologies is an engineering and manufacturing leader that solves big problems
and does big, complex things. Our world is changing, and trends in urbanization
and population growth require more sustainable products and behaviors. We're
embracing those opportunities across the board.”’

Of special note, Pratt & Whitney’s PurePower® engine with Geared Turbofan™
(GTF) technology — which the company spent $11 billion and 20 years developing —
provides customers with 16 percent lower fuel use, a 50 percent overall reduction
in regulated emissions, and a 75 percent reduction in overall noise footprint.

The fuel savings will cut CO, emissions by more than 3,600 metric tons per

aircraft per year.®®

Airbus’ delivery to Lufthansa of the first A320neo powered by GTF engines

in January 2016 marks a key milestone for commercial air travel and a major
advance in providing cleaner, greener and quieter air transport. The GTF engine’s
environmental benefits are so significant that all of the world’s single-aisle airliner
manufacturers have either announced new aircraft or are re-engining existing
models. As a major contribution to the world’s modern Silk Road, Pratt & Whitney’s
GTF engine family is likely to have the most beneficial environmental and economic
impact of any new engine launch in aviation history.

In addition, Pratt & Whitney’s Revert Management Program is designed to capture
scrap aerospace engine materials and return as much of this material as is
feasible to the aerospace industry supply base for reuse. The company is also an
active member of the Aircraft Fleet Recycling Association (AFRA), a Boeing-led
consortium that strives to recycle aircraft, aircraft components, engine material,
and other materials critical to the aerospace industry.®®

Our world is changing, and trends in urbanization
and population growth require more sustainable
products and behaviors
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