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1. Executive summary

This document builds on current and prospectiverméation on people and freight mobility
patterns, Economic, Demographic, Energy, Envirortalemnd Geopolitical issues to frame the
“Driving Forces” that will shape the future devetopnt of demand for transportation and the
“Demand Challenges” those changes will impose ansfportation systems into 2030 and beyond.
A snap shot for current demand for transportaticen\@orldwide level is given and a review of
transportation future worldwide requirements - lolase existing literature and published
foresighted studies and scenarios — enables théfidation of future competitive agendas
requiring appropriate answers from the Europearsrart industry to ensure its future
competitiveness.

European and global demand for transportation ssessed in terms of:

= Current passengers and trade freight flows;

= Modal choices and market shares;

= Driving forces and demand challenges entailingftiere evolution of transportation;
= Geopolitical issues;

= Review of foresight visions for the future demardransportation systems.

This document is composed by 5 main chapters: bgsid introduction and this executive
summary Chapter 3 addresses current freight argkpgser transportation demand. A detailed
modal split analysis is carried out for major wamrdgjions, and a high level quantification of cutren
demand for transport services is carried out dbbad and regional level.

Research shows that modal split for freight andg@agers varies significantly by region, being
largely influenced by geography and economic factor

100% S
S
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40% -

20% I .

0% , — —

EU-27 USA Japan China Russia
m Road Rail mInland waterways m Oil pipeline m Sea (domestic / intra-EU-27)

Freight modal split in 2009: Intercontinental Compaisons (all modes, tkm) (DGET-EC 2009)

In terms of global freight travel, road is currgritie most used mode (in volume terms) with

10,500 billion ton.kilometers (tkm), closely foll@a by seaborne transportation, with almost 9,750
billion tkm and rail, with 97% of its’ 9,300 tkm @duced in 7 regional networks alone: Russia,
USA, China, India, Europe, Canada and Brazil. Agrats responsible for just over 0.2 billion tkm
(less than 1% of global transportation flows inwk) but, nonetheless, represents a most relevant
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share of international trade in value, with almuaf of USAs’ and a third of European external
trade being flown in/out.

Regarding passenger transport, private car donsimatelal shares in developed countries, while
rail and bus are relatively more important in depahg countries, although as increasing wealth
and disposable income spreads across emergingrag@s)anotorization rates are climbing fast.

80% +—
60% -
40% -
20% -
0% A T T T T 1
EU-27 USA Japan China Russia
M Private Veh. Rail M Bus&Coach M Others W Air

Passenger modal splitin 2010: Intercontinental Comparisons (all modespkm; several sources)

Some discrepancies on passenger transport sa#sise from manifest lack of or incomplete data
for several geographies, as is the case for proatéransportation in China, India or Russia,oor f
public road transport in India. The next table higits some road transport infrastructure and fleet
statistics for most relevant regions.

EU-27 USA Japan China Russia India Brasil
Road network (paved)
[x 1000 km] 5000 4400 968 3056 776 2433 202
Motorway network
[x 1000 km] 68.2 94.3 7.6 65.1 30 70.9 9
Commercial freight 34.1 11.0 6.2 13.7 5.4 6.4 87
vehicles [million]
P C
assenger Lar 238.8 234 69.2 403 326 17.2 372
Stock [million]
Private car 4920 6826 712 46 ; - -
[billion pkm]
Motorization
477 763 542 30 228 15 195
[cars/1000p.]
Bus&Coach
useLoac 5101 4704 87 1502 147.7 582 27.4
[billion pkm]
Bus& Coach 819 846 227 1696 900 1532 723

fleet [x1000]

Road Transport statistics

Chapter 4 focuses on the “Driving Forces” and lagtdrs influencing transport demand evolution
and the relationships between changes in theser$aahd expected repercussions on transport,
tackling subjects such as:

! Data for private car use in China and Russia is not available; Japan data is related to 2009.
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Demographics and society, as the world populasaxpected to increase to around 9 billion

persons by 2050 with several developments in te@fnehanging demographics and society,
lifestyle and mobility behaviours, migration anaging urbanization.
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Global population development 1950-2000 and projeicins to 2300 (UN 2004)

Economic issues: GDP and GDP per capita progressidrevolution in disposable income

leading to increased and differentiated regionékpas of demand for passengers and freight

transport. Trade and globalization and developmientsgional economies;

Evolution of the earth’s economic centre of gravityfrom A.D.1 to 2025) (Dobbs, et al. 2012)

Rebii;

= Energy consumption and resources;
= Environment, addressing the unprecedented pressumekind is imposing on the natural
environment and the transportation sector in paldity.

= Infrastructure, as a driver for transport demandl @onomic development;

= Tourism role in the global transportation arena;
= Safety and Security issues in transportation.

Chapter 5 addresses geopolitical issues suchext®tin the demand side of geopolitical changes

such as rapid industrialization of emerging ecoremnglobal competition for energy, raw materials

and natural resources, competing economic modadsgd@&ergent industrial and environmental

regulations.
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This chapter intends to identify the political asatioeconomic developments occurring in
countries where the European transport industryebtablished its business presence in order to
understand how these events may affect Europeastirydoroducts and services in the medium and
long-terms, covering the following topics:

= Trade and international division of labour: traderkers, global trade and global Value Chains
and multilateral liberalization of trade;

= Business prospects in emerging nations: reseapdbddies and intellectual property
protection; manufacturing competitiveness and uatgzemerging markets potential.

Chapter 6 deals with the demand challenges thatmiutrends will impose on future transportation
systems, namely the advent of an ageing societyyiihanization growth, increasing congestion
and infrastructural future needs, future energylehges as dependency and scarcity, and tourism
challenges and opportunities.

This document ends with Chapter 7 which addresse=ral foresight visions of the future
transportation demand for passengers and freidie .fGllowing table resumes the main findings
from our research on future expectations for trartspion demand for current(!) modes of
transport.

2030 2050
Pax 160 - 220 240 - 360
Aviation
Freight 237 - 253
Pax -
Waterbourne
Freight 146 - 188 227 - 370
Pax - 219 - 286
Rail
Freight - 180 - 240
Private Car 0\)\0\0
Road Bus&Coach - e,«\a“
Freight NG

Expected evolution of transport demand by mode by ffierent sources (index 100 = 2010)
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2. Introduction

The main objectives of Work Package 5, under R&&® droject, are to provide an in-depth
understanding of the demand-side driving forcelsianfcing the EU transport industry’s
competiveness and a foresight of its evolutionaupd30 and beyond. WP5 identifies crucial
challenges and opportunities, in terms of passeagfreight future mobility requirements that
may represent opportunities for the European tramspdustry, and provide further inputs to
European research policies in the coming yearsteftwe, this document assesses:

= The present European and global demand for tratajmor and patterns of socio-economic
development in regional terms, intra- and-extra-Elddal choices and market shares;

= Factors structuring world demand for transport pougint, infrastructure and supporting
systems up to 2030 and beyond.

= Effects on the demand side arising from geopolitbanges such as rapid industrialization of
emerging economies, global competition for energy, materials and natural resources,
competing economic models, and divergent indusanal environmental regulations.

Transport is an inseparable part of any societyamunportant driver of its development. It
strongly impacts on the economy as it facilitatéernnational trade, tourism and social
development. It plays a vital role connecting pepplaces and businesses as it gives access to
markets and resources, and support to new labgartymities and specialization, wealth creation
and distribution, leveraging an increasingly intggd and competitive world economy. Hardly any
economic activity, even if not directly related lwitansportation, does not hold on transport to
support their daily activities.

Transport systems also consume significant amafnessources, such as energy and land space —
as almost all cities use 20-30% of its land witingport facilities - and impose other costs to
society as congestion, noise and polluting emissiand safety and security challenges, which are
imperative to deal with if we want to secure futamnomic growth, sustainability and society
general wellbeing.

Transportation is essential to European econonayimy an important role on the economic growth
and job creation. According to the White Paper cam$port, it directly employs around 10 million
people and accounts for about 5% of the GDP inlIBQ005, transport services accounted for 6.9%
of the persons employed and for 7.1% of the ad@hgevin non-financial business economy,
according to (Eurostat 2009). In turn, transpotipipent industry contributed with a share of 2.5%
to the number of persons employed in EU-27’s naasfcial business economy, employing 3.2
million persons in 2005 and generating an addedevaf EUR 182 billion.
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3. Current Transportation Demand

This chapter gives a broad quantitative perspectivirrent demand for major transportat
systems, with the purpose of providing a tangibdeework for subsequent analyses on fu
demand for transpa@tion equipments and services at a global l¢

3.1. Current Freight Demand

Trade

Trade as the act of buying and selling goods andcssboth in domestianc international
(import, export) markets, has been a key fafor rapid economic growth arregional
development in an increasingly globalized worldrexray

In 1990, Europe was responsible for almost hathefworld’s exports mainly due to in-
European flowsfollowed by North America and Japarowever, almost twenty years later,
patterns ofjlobal trade have shifted significantly as show Figure 1 andrigure?2.

Canada and
) Canada and g
ekl i Restof _ United
Developing 10.5% States 15.4% World 7.7% States 11.0%
Asia 5.5% Western
H“"@_’.ite]];]] Developing Hem:l.gg?em
emisphers 3 ik
Japan 8.5% 3,‘3%6 Asia 15.9% 3
Sub Saharan Japan 4.7%
Africa1.1%
Sub
MENA 4.7% Saharan
Africa 1.7%
Europe Th o Europe
50.5% MENA 5.7% 47.7%
Figure 1- 1990 distribution of world merchandise Figure 2-2009 distribution of world merchandise
exports by exporting country/region— USD base exports by exporting country/region— USD base
(Hope and Selfin 2011 (Hope and Selfin 2011

By 2009, the emerging economies and developing Baibgained significant shares in vd
merchandise exports, especially due to the shiflafal manufacturing markets to lower lab
cost countries such as China and South Easterm Asiantries, which offer cheap labour and g
trade links to provid®Vestern markets with cheap consuigoods.Nowadays developing As
market share on world trades equals North AmemcbJapan jointly shares, when in 1990 \
only a fourth of it.

Meanwhile China became a global production cluster havmeginited States as its m:
customer. According tblope and Selfi (2011), these twoountries became ttlargest bilateral
trade pair irmmount of air and sea trade (US$ 290,960m), foltblaye ChinJapan (US$
207,677m). The United States features most in tpe2b of bilateral trade pairs, mainly due tc
propensity to import goods and to the large siziésadconomy. China appear: the second
position with seven of the top 25 trade pi

D5.1 -Current transport demand and global transport oki— FINAL - 28.06.2013 Page 10 of 152



RACE20500 — FP7 314753

SEVENTH FRAMEWORK
PROGRAMME

In 2011, the cumulative effects of the multiple mamic shocks provoked by the earthquake,
tsunami and nuclear incident that hit Japan, thegaan Union sovereign debt crises, the flooding
in Thailand and the turmoil in North African coues, led to a significant slowdown in the world’s
trade and economic activity: the volume of worldramandise trade growth fell to 5% from 13.8%
and GDP growth fell to 2.4 % from 3.8 %, in 2018g$-igure 3).

15 -

Average export grcv»h
1991-2011
10 4
e -1- r - ! -g------
o} i I X I_

I Average GDP ¢ grcvm
1991-2011

2000 2001 2002 2002 2004 2005 2006 2007 2008 2009 2010 2011

| m Exports GDP |

Figure 3- Growth in volume of world merchandise trale and GDP, 2000-11 (annual % change) (WTO 2012b)

Developed economies exceeded expectations witk@ortegrowth of 4.7% in 2011 volumes of
merchandise trade — mainly driven by the strongeimse (7.2%) in the United States export
volumes — while developing economies including@mnmonwealth of Independent States did
worse than estimated, with an increase of only 5gé8é Table 1), nevertheless having grown faster
than the world average, and including a high prbpomnf manufactured goods as well as fuels and
mining products.

According to the WTO (2012a), Asia’s exports of mfactured goods increased by 15% between
2010 and 2011 and the exports of fuels and minmdyxcts increased by 30%; exports of fuels and
mining products from the Middle East, the Commornitteaf Independent States (CIS) and Africa
increased by 46%, 37% and 15% respectively in 20hé&.developed countries have also increased
their share in world manufacturing added value ohesrperiod. Europe had a 15% increase in
exports of manufactured goods during 2011. The hagrdise trade increased 5% in volume and
20% in value from 2010 to 2011. This 5.0% growtls\Wwalow the pre-crisis average of 6.0%
(1990-2008), and was even below the average dash@0 years, including the period of the trade
collapse (5.4%).
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GDP Exports Imperts
2009 2010 201 2009 2010 2011 2009 2010 2011
World -2.5 38 24 -12.0 13.8 5.0 -12.8 13.7 4.9
North America -3.6 3.2 1.9 -14.8 14.9 6.2 -16.6 15.7 4.7
United States -3.5 30 1.7 -14.0 16.4 7.2 -16.4 14.8 a7
South and Central America® -0.3 6.1 4.5 -B.1 bB 5.3 -16.5 299 104
Europe -4.1 292 1.7 -141 10.8 5.0 -14.1 a.7 2.4
European Union (27) -4.3 2.1 1.5 -14.5 1.5 5.2 -14.1 9.5 2.0
gt"a';‘e";‘;g'l”s’_")a“h of Independent 69 47 46 -4.8 6.0 1.8 -28.0 18.6 16.7
Africa 2.2 4.5 2.3 -3.7 3.0 -8.3 -5.1 7.3 5.0
Middle East 1.0 4.5 4.9 -4.6 6.5 5.4 -7 75 5.3
Asia -0.1 6.4 3.5 -11.4 207 8.6 -7 18.2 8.4
China 9.2 10.4 9.2 -10.6 984 9.3 2.9 221 9.7
Japan -6.3 4.0 -0.5 -24.9 27.5 -0.56 -12.2 101 1.9
India 6.8 101 7.8 -6.0 22.0 161 3.6 227 8.6
Newly industrialized economies (4)° -0.6 8.0 4.9 -5.7 20.9 6.0 -11.4 17.9 2.0
Memo: Developed economies -4.1 2.9 1.5 -15.1 13.0 4.7 -14.4 10.9 2.8
Memo: Developing and CIS 2.9 7.2 b7 -T.4 14.9 b4 -10.5 18.1 79

a) Includes the Caribbean.
b) Hong Kong, China; Republic of Korea; Singapore; @hihese Taipe

Table 1 -GDP and merchandise trade by region, 20(-11 (annual percentage change(WTO 2012b)

From the total world exporters/impars by 2011, the following table featgrine top five:

Exporters Importers
Country Value (USS) % Country Value (USS) %
China 1.90 trillion  10.4 United States 2.27 trillion  12.3
United States 1.48 trillion 8.1 China 1.74 trillion 9.5
Germany 1,47 trillion 8.1 Germany 1.25 trillion 6.8
Japan 823 billion 4.5 Japan 854 billion 4.6
Netherlands 660 billion 3.6 France 715 billion 4.0

Table 2 - World Top 5 leading exporters/importers by value anwrelative share(WTO 2012b;

The Top Ten merchandise traders accounted to 5M6id’'s total merchandise trade with 1
United States as the world’s single biggest traalmerchandise (see Figu#® with imports and
exports totalling US$ 3,746 billion in 201USAS’ trade deficiin this periocamounted to US$ 785
billion, 5.2% of its GDRWTO 2012a.
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Figure 4- Leading economies of merchandise trade, 20 (WTO 2012a)

Being the US the largest world economy it is adevant to understand the relative importance of
its trade partners.

US imports US exports

From Amount % nf overall To Amount % of overall

US imports US exports
China S 417.3 billion 18.4% Canada S 280.7 billion 19%
Mexico S 265.3 billion 11.7% Mexico 5 197.5 hillion 13.3%
Japan S 132.4 billion 5.9% China 5 103.9 billion 7.0%
Germany S 100.4 billion 4.4% Japan S 66.2 billion 4.5%
South Korea S 58.6 billion 2.6% UK S 55.9 hillion 3.8%
UK 5 52.1 billion 2.3% Germany 5 48.8 billion 3.3%
Total Top & 5 1026.1 billion 45.3% Total Top & S 753 billion 50.9%

Table 3 - America imports and exports in value andb of share, 2011 (WTO 2012a)

As shown in Table 3, China’s exports to America amed to $417.3 billion or 18.4% of overall
US imports and Mexico’s exports to America amounte$i265.3 billion or 11.7% of overall US
imports. America’s exports to Canada amounted 8D$2billion or 19% of overall US exports and
America’s exports to Mexico amounted to $197.5dmillor 13.3% of overall US exports.

USA shipped $1.55 trilliomorth of goods around the globe, led by the tofems: Machines,
engines (13.9%); Electronic equipment (10.5%);(@il9%); Vehicles (8.6%) and Aircraft and
spacecraft (6.7%) and bought $2.263 trilli@orth of imported products led by: Oil (20.5%);
Machines, engines (13%); Electronic equipment @a};5/ehicles excluding railway/tram (9.1%)
and Medical and technical equipment (3%).

Ignoring trade between European Union member cmsnénd treating the EU as a single entity,
Europe emerges as the most important contenddolalgrade. Using this canon, the top exporters
ranking in 2011 results as presented in Table 4.

D5.1 - Current transport demand and global transpgtook — FINAL - 28.06.2013 Pageof 152



RACE20500 — FP7 314753

SEVENTH FRAMEWORK
PROGRAMME

Exporters Importers
Country/Region Value (USS) % Country/Region Value (USS) %
European Union 213 trillion  14.9 European Union 2.34 billion  16.2
China 1.90 trillion  13.3 United States 2.25 billion  15.6
United States 1.47 trillion  10.3 China 1.73 billion  12.0
Japan 815 billion 5.7 Japan 852 billion 5.9
Republic of Korea 557 billion 3.9 Republic of Korea 520 billion 3.6

Table 4 - World Top 5 leading exporters/importers ly value and % of share (EU as a single entity) (WTQ012b)

The main EU-27 trade partners are China, USA, Rudsipan and Switzerland, as Table 5
illustrates.

EU imports EU exports

% of % of

From Value (million€) owverall EU To Value (million €] overall EU
imports exports

China 289,927 16.2 usa 291,901 17.3
Russia 213,257 1.9 China 143 876 8.5
USA 205,794 115 Switzerland 133,342 79
Switzerland 104 544 58 Russia 123,266 73
Norway 100,437 56 Turkey 75,200 45
Japan 63,813 36 Japan 55,460 3.3
Totaltop 6 97772 54.6 Totaltop 6 823.074 48.8

Table 5- EU27 imports and exports in value and % o$hare, 2011 (EC 2012a)

The major export markets for European productsrerdJSA with 291,901 million € or 17.3% of
overall EU exports, while EU exports to China amdtvitzerland amounted to 143,876 million €
(8.5%) and 133,342 million € (7.9%), respectivétyrelation to the EU-27 imports, China accounts
to 16.2% of the overall EU imports, Russia with9Ph.and USA with 11.5%. The top 6 of the EU
imports main partners constitutes 54.6% of the al/&U imports.

China imports China exports
Erom Value (million nvziaT:EU To Value (million nve%;:l'leU
usD) usD) )
exports imports
European Union 211,200 12.2 European Union 356,000 18.8
Japan 194,600 111 USA 324,500 17.1
ASEAN 192,800 11.0 Hong Kong, China 268,000 14.1
Republic of Korea 162,700 9.3 ASEAN 170,100 8.9
USA 122,200 7.1 Japan 148,300 7.8
Hong Kong, China 15,500 0.9 Republic of Korea 82,900 4.4
Totaltop 6 899,000 516 Totaltop 6 1349,800 71.1

Table 6- China imports and exports in value and % bshare, 2011 (NBSC 2012a)

As can be seen in Table 6, China closes the tee tleading trade contenders in world trade. The
main Chinese trading partners are the EuropeannJthe USA and Japan, as well as, Hong Kong,
ASEAN and Republic of Korea. The European UnioGh&a main exporter (in value) with 211,200
million USD in 2011, followed by Japan with 194,9®dlion USD and ASEAN with 192,800

million. In relation to the imports, the Europeanith is the region that most imports from China,
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18.8% of China overall imports or 356,000 milliosD, followed by the USA with 17.1% and Hong
Kong with 14.1%.

The total value of China imports and exports in2@ached 3,642.1 billion US dollars, up by
22.5% over the previous year. China shipped $1t888n worth of goods around the globe, led

by the top 5 items: Electronic equipment (23.5%gckines, engines (18.6%); Knit or crochet
clothing (4.2%); Clothing (not knit or crochet) 8%0) and Medical and technical equipment (3.2%);
and bought $1.743 trillion worth of imported protkited by: Electronic equipment (20.1%); Oil
(15.8%); Machines, engines (11.4%); Ores, slagt®&nd Medical and technical equipment
(5.7%).

In relation to other relevant trade between regiarZ011, in value, 24% of Central and South
America exports were sent to North America, 54% I8 products were exported to Europe, 53%
of the Middle East exports were sent to Asia arfh 86 African products were sent to Europe;
50% of total world exports were from North Ameraxad Europe.

Finally, in what concerns trade within regions, thoAmerica, Europe and Asia hold the higher
levels of intraregional trade. 71% of European ¢oes exports remained within European
boundaries in 2011, while a total of 53% of Asieade exported to Asian countries and nearly 48%
of North America’s exports leaving to members @& Morth American Free Trade Agreement (US,
Canada and Mexico).

Modal Split

Modal split for freight transport varies significggnby region and O/D pair, being largely
determined by geographic and economic factors,edisas resources availability. However there is
a common trend towards more use of land transpirere feasible) and, especially in EU-27, of
road transport at the expense of rail and watespart. Despite the large efforts against road
transport use and the regular release of sevevab@mental policies towards the reduction of road
market share and changes to less polluting meamarsport, road transport still domains.

Figure 5 reflects the geographical differences limclv transport systems operate, comparing modal
split for freight transport in EU-27 in 2009 withat in the USA, Japan, China and Russia. While
within the European Union and in Japan road andtabahipping account for the great majority of
tonnes-kilometres(tkm), rail dominates in the United States andefife transport and rail in
Russia. In relation to maritime transport, China hmore than half of its freight volume transported
by coastal shipping. It is also of note that Chaaaries some 24% of the world's railway transport
volume on only 6% of the world's railways lengthémsion (NBSC 2012).

2 A measure of freight transport production - a tonne of merchandize travelling one kilometre.
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Figure 5- Freight modal split in 2009: Intercontinental Comparisons [all modes, tkm] (DGET-EC 2009)

In EU-27, freight transport volumes in 2010 wasuaieh 3,711 billion tkm, an increase of 4%
compared to 2009, but still below 2008 levels (-78& shown in Figure 6, road transport in 2010
accounted for over 45% of the total inland transpanel, while maritime transport represented
more than 38% and railway transport accountedIfoost 11% of total tkm.

1461 . 1505 . 1532 . 1498 n
. :

4
448

1794 = 1848 = 1914 = 1881 = 1690 = 1756

1995 2000 2005 2006 2007 2008 2009 2010

1289 . 1219 .

W Road Rail mIWW M Maritime M Air

Figure 6- EU-27 Freight transport volume [billion tkm] (EEA 2013)

Since 2005, goods volumes transported have remaiaetically stable. However, because of the
economic crisis, movements fell around 11% betwa¥8 and 2009. During the 2005-2010
period, volumes transported by road in Europe \@evend four times those transported by rail.
According to EEA (2013) this can be explained by tigher ability of road transport in taking
advantage on the dismantling of trade barriers thatransport, as international rail connections
are still slowed down by border-crossings and netwechnical and operational discrepancies,
leaving road transport often as the fastest and rabable form of transport available, with its
greater flexibility regarding pickup and delivergipts. Moreover, the average travel of goods
carried by road is about 110 km, a distance whadlhor inland waterways can hardly compete
with, in particular if road transport is neededrat extreme legs of the freight consignment.

As shown in Figure 7, while road has a lower castfion for short distances, its cost function
climbs faster than rail and maritime cost functighsis becoming more profitable to use ralil
transport than road transport for distances betvs@8r750 km (D1) and maritime transport
becomes more advantageous for distances highed §&hkm (D2).
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Figure 7 - Distance, Modal Choice and Transport Costs (Rodrigu2013)

3.1.1. Air Cargo

Over the past 40 years, worldwide air transpoiivagthas been characterized by strong growth
rates led mainly by advanced economies, such adrilied States and Western Europe and, more
recently, by the Asian market (in the last two aEs). Products transported by air are typically
those with higher value/weight unit.

In 2011, over 22 million tonnes of cargo - US$2illian worth - were airlifted, pilling up 202.4
billion tkm down from its 2010 record of 204.2 bith tkn? (Airbus 2012, Boeing 2012). Although
it represents only 1% of global trade movementseright, air cargo represents a most significant
share international trade movements by value ouf®% of EU and 55% of USA exports are flown
out, and 28% and 33% of imports by value, for Ed BISA respectively are flown in (OECD
2011). About 72% of European air Exports go to Ndtinerica and Asia Pacific regions, with
increasing importance for the later one, and 83%owfn imports are also from these regions.

According to Airbus “semiconductor / high technolagnd telecommunications industries are the
largest users of air freight in terms of the vadfigransported goods [...] closely followed by
"valuables" and pharmaceuticals. In terms of weitite fresh foods industry is the largest
contributor to the air freight industry.” The intational express share of total world air cargo tkm
in 2011 was 13.8%, as integrators/express catm@gsmore than 40% of the freighters fleet. Still,
lower hold passenger airplane capacity is resptn&ib almost 55% of available worldwide
capacity, and this figure is expected to remaiatnedly unchanged in the future (Boeing 2012).

The recent economic crisis starting in 2008Q3 &edricreasing cost of jet fuel resulted in the
world aviation cargo market going through a difftqueriod, with severe demand reductions in
some parts of the world, only now showing somesigfirecovery, with China emerging as one of
the most important and fastest growing air transparket.

In 2012, Asia-Pacific airlines (the largest playershe air cargo market) reported a 5.5% declime i
demand and cut capacity by 2.4%. As the world’somaganufacturing centre, the region suffered

3 You can refer to Figure 73 to have an ilustration of historical evolution of air cargo since the 1970’s.
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from the slowdown in demand from Western marketsppean and North American carriers also
saw falls in freight demand, of 2.9% and 0.5% retpely. European carriers increased its capacity
by 0.3% and North American carriers managed tocgeaapacity by 2.0%; Latin American airlines
saw freight demand decline by 1.2%, but capacikeyvgt.9% over the year; African and Middle
Eastern airlines freight demand grew 7.1% and 14&¥ectively, both improvements on 2011
when the Middle East expanded 8.2% and Africa dedliby 2.1% (ICAO 2012).

Asia & Pacific

Traffic originating or ending in the Asia-Pacifiegion in 2011 accounted for more than 60% of all
global air traffic in terms of tkm, and intra-Asa&r cargo market represented 14.7% of the world’s
air cargo traffic in tonnage and about 7.4% in tRimaffic to, from and within People’s Republic of
China (PRC) represented by its own 26% of the dlalbaraffic market (Boeing 2012).

In relation to regional market flows, traffic fromdia to China has grown at 35% per year over the
last decade. The value of goods transported fromatb India has been multiplied by 15 over the
last decade and now represents 18% of the valak gbods exported by China.

South Asia

The South Asia market represents approximately 4Bébe world’s air cargo traffic in tonnage
and 4.9% in tkm. Europe is the leading regionatraile partner with South Asia, accounting for
29% of total trade with the region; Asia and Mid&ast are the second and third largest trade
partners of South Asia.

South Asia imports from Europe especially capitplipment (especially for garment and textile
manufacture), industrial pumps, telecommunicatigui@ment, power generating machinery, and
electrical machinery.

Europe and Central Asia

The intra-Europe air cargo market comprises apprately 3.3% of the world’s air cargo tonnage,
but only 0.8% of tkm (because of distances invojvedterms of value of products transported,
Airbus (2012) indicates that nearly 25% of all@rgo value is originated in Europe.

The total number of tkm flown in Europe in 2011 wésé above the pre-crisis high in 2007 and 23
% higher than the low in 2009, dropping from 73idul tkm to 64 billion tkm between 2007 and
2009, and reaching 82 billion tkm in 2011 (Airbuxl2). In average terms, air cargo traffic growth
rate between 2001 and 2011 was 3.7% (which compai@&8% on maritime containerized traffic,
for the same period), as fuel prices roughly tddietween 2004 and 2012 (Boeing 2012).

Europe market has Asia as its main trading parterope—Asia market comprises in 2011
approximately 20.6% of the world’s air cargo trafiin tkm and 10.4% in tonnage. In Europe-to-
Asia direction, the top five commodity categories@unt for 66.5% of all air cargo traffic and the
flow consists primarily of manufactured goods, wliie Asia-to-Europe flow is primarily
consumer goods.
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The Europe-North America market is its second Istrgrading relation accounting for
approximately 6.9% of world air cargo tonnage ara¥@of the world’s tkm.

CIS

In 2011, the CIS domestic air cargo comprised ab86t000 tonnes (98.7% of them from Russia).
The Artic regions, Siberia, the Russian Far Eadtikurope are the larger markets of CIS region. As
an example, total the CIS air trade with Europe 26%000 tonnes in 2011, with about 206,000
tonnes (79%) imported from Europe.

Latin America

The United States is Latin America’s most importaatling partner, accounting for 99% of North
America’s air exports to Latin America and 99% arith America’s imports from Latin America

in 2011. The Latin America—North America market,ethrepresents 2.6% of the world’s air cargo
traffic measured in tkm and 3.0% measured in tongresv 1.1% in 2011, following a growth of
17.1% in 2010. The Latin America—Europe market,ovhiepresents approximately 3.2% of the
world’s air cargo traffic in terms of tkm and 1.8fctrade tonnage, grew 9.2% in 2010 and 3.8% in
2011 (Boeing 2012).

North America

According to Boeing (2012) “air cargo moving tagrin, and within the United States and Canada
accounts for 9.1% of the world’s air cargo trafficerms of tkm and 14.0% in terms of pure
tonnage”. Being a mature market, it shows flatvaredecreasing growth rates during the last
decade, dominated by express services with over@@®evenue Tonne KilometregRTK).

US domestic traffic represented, in 2011, only 3#%ll US carriers’ cargo traffic. This figure
compares with 45% observed in 2003.

4 Another way to measure freight transportation.
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As Boeing (2012) mentions, historically, South A&ihas been the largest source of air cargo
traffic in Africa, but today more and more capacd#tyocused on East and West Africa, which are
now increasing their role in the air cargo market.

Today, traffic between Africa and Europe represeiisost 60% of all traffic to, from and within
Africa, owing to its proximity and long-standingstorical and investment relations between these
two regions.

The high growth in traffic relations between Afriaad India, and also between Africa and Latin
America may also present the opportunity for a traffic flow between Latin America and India
through the continent of Africa. The most recentl@viation agreement between Turkey and Latin
America will boost the importance of Central Afriaa it will provide the increase in the supply of
services both to Latin America and to Central Asid the Middle East.

3.1.2. Waterborne

With over 80% of world cargo (in volume) transpdrtgy sea, maritime transport remains the
backbone of international trade (ITF 2012a), apghyg is the major responsible for bulk transport
of raw materials as crude oil and other petrolewodpcts, coal, iron ore, grains and manufactured
products (increasingly containerized). Global trhde permitted an enormous variety of resources
to be widely accessible, with major trade patteungported by the main shipping routes as those
listed below (IMO 2011):

= coal from Australia, Southern Africa and North Amcarto Europe and the Far East;

= grain from North and South America to Asia, Afremad the Far East;

= jron ore from South America and Australia to Eurepeé the Far East;

= oil from the Middle East, West Africa, South Amexiand the Caribbean to Europe, North
America and Asia;

= containerized goods from the People‘s Republicluh@, Japan and South-east Asia to the
consumer markets of the western world.

As Figure 8 illustrates, the biggest share of seabtrade, in metric tonnes, refers to dry cargo,
followed by crude oil and petroleum products ans @acluding LNG, LPG, naphtha, gasoline, jet
fuel, kerosene, light oil, heavy fuel oil and ot)eDry cargo seaborne trade has grown 2.5 times in
volume between 1991 and 2011, at an average arateadf 4,8%, carrying almost 8,750 million
metric tonnes of freight in 2011, while the annanaéraged growth during the same period for crude
oil trade was 1.4% and for petroleum products axlwas 4.2%.
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Figure 8 — Seaborne trade loaded by types of cardgmillion metric tonnes] (source: UNCTADstat)

World container port throughput volumes rose sig faver the last twenty years from around 85
million TEU® to 531.4 million TEU. After the global economidsis, the world container port
throughput suffered a brief stumble in 2009, reciovein 2010, with an increase of 13.3%
(UNCTAD 2011) which provides evidence on the curteend for ever increasing containerization
of cargos in seaborne transportation.

The world’s 20 leading container ports list inclade! ports from developing economies, all of

which are in Asia and 6 ports from developed caastr3 of which are located in Europe and 3 in
North America, therefore it is not surprising thfa busiest trade routes remain between these three
global economic strongholds. The country with gogést share of container throughput is China,
with nine ports in the top 20 (see Table 7). In@ahe port of Shanghai for the first time took the
title of the world’s busiest container port frorm§apore, with a throughput of 29.2 million TEUs.

The top 20 container ports combined accountedgpraximately 47.9% of world container
throughput in 2010, which is up from 47.1% in 2@Q& down from the figure of 48.1% reached in
2008 before the global financial crisis.

5 A unit of cargo capacity often used to describe the capacity of container ships and container terminals. 1 TEU (Twenty-foot
equivalent unit) stands for a 20-foot-long (6.1 m) intermodal ISO container. 40-foot (12.2 m) or 45-foot (13.7m) containers
are usually designated as 2 TEU.
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Volume 2010 Volume 2010
Rank Port, Count - Rank P Count -
an . Country (Million-TEUs) an ort, Country (Million-TEUs)
1 Shanghai, China 29.07 11 Tianjin, China 10.08
Kachsi Tai
2 Singapore Siheapore 2843 12 aan=urg, Tawan, 918
China
3 Hong Kong, China 23.70 13 Part Kelang, Malkysia B 87
4 Sherzhen, China 2251 14 Antwerp, Belgium 247
5 Busan, South Korea 1418 15 Hamburg, Germany 791
Ningbo-Zhoush
6 ngbo-ehaushan, 1314 16 LosAngeles, USA. 7.82
China
Guangzhou Harbaor, o
China 12.55 17 Keihin Ports, Japan 748
B Qingdao, China 1201 1g |oniune Pelepas, 5.47
necsa, : M sy sia :
Jebel Al Dubai, - -
Unied Arab Emirstes 11.60 19 ¥iamen, China 582
10 Rotterdan, 1114 20 Dalian, China 5.24
Metherlands

Table 7 - World's 20 leading container ports (WorldShipping Council 2013)

As shown in Table 8, in 2011, Asia (except Chiradls world container traffic, with a 31.1%
share, or 175 million TEUSs; followed by China, witB.1% (164 million TEUs) and Northern
Europe, with 11% (62 million TEUSs). Asia (includi@hina) accounts for over 60% of the world’s
container port traffic, followed by Europe (incladithe Mediterranean), with 18.2%. Latin
America and the Caribbean handled 41.3 million tydoot equivalent units (TEUS), up 11.1%
over 2010 (Salas 2012).

Per cent 2010 2011

2010 2011 Change Share Share
North America (excl. Mexico) 44,010 45,000 2.2 8.5% 8.0%
Northern Europe 57,325 62,000 8.2 11.1% 11.0%
Mediterranean 42,411 46,650 10.0 8.2% 8.3%
China 147,585 164,000 11.1 28.5% 29.1%
Asia (excl. China) 161,199 175,855 9.1 31.1% 31.2%
Latin America and the Caribbean 37,205 413,170 11.1 7.2% 7.3%
Other regions 25,734 27,140 5.5 5.0% 4.8%
World Total 517,845 563,779 8.9 100% 100%

Table 8 - Share of World regions in World ContainerPort Throughput [thousands of TEUs] (Salas 2012)
I nland waterways

Inland water transport (rivers and canals) reprssam important alternative to other inland
transport modes as it is an environmentally frigmdean of transporting goods. All around the
world a great importance is being given to this meg&transport, especially in Asia and most
recently in South America.

As can be seen in Table 9, China is by far thedsgpglayer in what concerns freight transport by
inland waterways (in tkm), followed by the Uniteth®&s and the EU-27. The countries and regions
presented in Table 9 are responsible for almoshalivorld freight transport by inland waterways.
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2008 2009
China 1.741.170 1.803.267
United States 380.994 357.685
EU-27 145.300  129.800
Brazil 55.426
Russian Federation 63.705 52.686
Canada 22.800 16.400
India 4.364
Serbia, Republic of 1.369 872
Switzerland 128 100
Croatia 79 58

Table 9- Freight transport in inland waterways [in million tkm]  (OECD s.d., EC, EU transport in figures 2012c)

China leading position can be explained by the taat Asia is generously endowed with navigable
inland waterways which represent 290,000 km intleqpdaying a vital role in the economic
development of remote rural areas and in the welbatheir inhabitants, who are usually among
the lowest of low-income groups in the region. @'smposition also reflects the effectiveness of the
Chinese IWT policy strategy order to “stimulate the share of inland watersvaaffic and to
improve the interface between inland waterwaysathdr transport modes especially sea-ports and
rail” (NEA n.d.)

With an inland waterway system comprising more th&®0 navigable rivers and a total navigable
length higher than 120,000 km, and 200 inland p@tsna alone has the most highly developed
inland waterways transport subsector in Asia, ¢coating approximately for 70% of Asia freight
volume per year, with China's longest river, thexytae, playing a core role in government efforts
to develop the country's interior (see Figure 9).

RN e s
Mongolia P e

Figure 9- China inland waterways (CCNR 2012)

6 Brazil data is related to 2010.
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In what concerns EU, inland waterway transport plago an important role in goods
transportation. With 20 out of the 27 EU Membert&daving inland waterways, 12 of which
interconnected, EU have more than 37,000 km of muays connecting hundreds of cities and
industrial regions (see Figure 10).

Figure 10- Europe inland waterways (AIWI 2010)

In 2010, inland waterways share in the total transgystem (in % of total tkm) was the highest in
the Netherlands (33%), followed by Romania (27.28tligaria (21.2%) and Belgium (18%)
(OECD s.d.). These shares are likely to grow inftitere, particularly in view of Europe-wide
policies aimed at promoting its further use. Irsttespect, the European Commission, through its
action programme entitled “NAIADES”, aims at pronmot and strengthening the competitive
position of inland waterway transport in the contafxa liberalised transport market, by enhancing
its integration into multi-modal supply chains (UR&D 2011).

Figure 11- North America inland waterways (AIWI 2010)

Inland waterways in the United States include @000 km of navigable waters located mainly
in the eastern half of the country (Figure 11); ma€the commercially important waterways of the
United States consist on the Mississippi River igmdonnecting waterways. In the West Coast, the
Columbia, Sacramento and San Joaquin Rivers am@ilgenajor navigable rivers. However, lack
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of investment and maintenance for aging infrastmecand dredging shortfalls have been identified
as the main threats to present waterway viabilitthe United States and consequently to guarantee
the future of this waterway network.

Brazil is also endowed with numerous waterwaysesgystas the Solimé&o-Amazonas or the
Paraguai-Parana-Tiete, amongst several others-{geee 12). Brazil is currently betting on IWW
to develop its logistics infrastructure - the immpkentation of its national strategy for IWW (Plano
Hidroviario Estratégico), is expected to raisertadal split of water transport (IWW and coastal
shipping) from 13% in 2005 to 29% in 2025.

Figure 12- Brazil inland waterways (CCNR 2012)

India, on the other hand, has neglected its inl@atkrway system (see Figure 13) for many years,
not providing the necessary funds for its improvetneadequate infrastructural facilities such as
terminals for loading and unloading, connectivityharoad/ rail, navigational aids, issues regarding
depth and width required for movement of vessaisdaond the year operation, and even shortage
of vessels are the main constraints facing thenchl@aterways sector in India. A special agency for
waterway transport (Inland Waterway Authority oflia) was created several years ago in order to
improve the waterways system and as result frerghsportation by IWW has been steadily
increasing, climbing up to 4,364 billion tkm in ZB@0 from the level of 1,630 billion tkm in 2003-
04 (IWAI 2010).
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Figure 13- India inland waterways (CCNR 2012)

Comparing the length of some navigable inland wedgs in an international scope (Figure 14),
China with over 120,000 km of navigable length #re&lRussian Federation with an annual volume
of freight carried by IWT of 155 million tons digiuted by 100,000 km of navigable length, have
the longest networks of navigable inland waterways.

The use of the Yangtze - the largest navigable riv€hina and the third largest river in the world

- alone is increasing at 40% per annum. This sdndtighlights the relevance given to this mode of
transport in recent years and the efficiency ofin@ls Inland Transport Development Strategy, as
industry moves west and raw materials to feedeittaing shipped via the waterway.

China _

Russia |

vangtze |
usa | ]
Western Europe

France | |

0 20 40 60 80 100 120 140
Navigable Length ('ooo km)

Figure 14- International comparison of navigable ifand waterways (UNCTAD 2011)

D5.1 - Current transport demand and global transpgtook — FINAL - 28.06.2013 Pafeof 152



RACE20500 — FP7 314753

SEVENTH FRAMEWORK
PROGRAMME
3.1.3. Road

After the recent economic crisis, recovery in ré@ight has been slow and volumes remain below
pre-2008 levels. Nevertheless, road transport soas to be the most used mode mainly in what
refers to freight transport — a little over twortts of goods carried by road were related to the
transportation of goods on national road netwocgording to several sources (Barrientos and
Soria 2013, ITF 2013, Mckinsey & Co. 2010, CNT 2)@Be total volume of goods transported by
road in 2009 was around 10,500 billion tkm, with tbp ten regions responsible for over 95% of
world road freight flows:

Cumulative %
Rank Country million tkm ’

world share
1 China 3,718,882 36%
2 EU 1,891,603 54%
3 United States 1,889,923 72%
4 India 755,250 79%
5 Brazil 485,625 83%
6 CIS 339,946 87%
7 Japan 334,667 90%
8 Mexico 211,600 92%
9 Australia 189,847 94%
10 Turkey 176,455 95%

Table 10 — Goods transported by road in 2009 [milin tkm] (Barrientos and Soria 2013)

China’s road freight flows, with almost 3,720 tmti tkm, represents over one third of world total
flows, followed by EU-27 and USA, both with almds®00 million tkm of goods transported by
road (see Figure 15). The remaining BRICS follotvscane distance.

Figure 15- Goods transported by road around the wdd [million tkm], adapted from (Barrientos and Soria 2013)

In relation to the EU-27 area, road freight volurnesvled in 2010, with volumes remaining 14%
below pre-crisis levels. EU’s road freight volunie2010 were estimated at 1,658 billion tkm with
Western Europe accounting for the largest shai, aviotal of 1,229 billion tkm, while Eastern
Europe reached only 429 billion tkm. In terms ofrtage, European freight transport recorded a

7 Available data for road freight volumes ranges from 2008 to 2010.
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small increase between 2011 and 2010. The majoiupt@roups were mining and quarrying
products (29% of the total), other nonmetallic mah@roducts (14%), food, beverages and tobacco
(11%) and agricultural products (8%). In termskwhtthe major product groups were food,
beverages and tobacco (16% of the total), agri@allfproducts (10%), other nonmetallic mineral
products (9%), chemicals (8%) and metal produc¥s) (e Angelis and Roubanis 2012).

EU-27 USA Japan China Russia India Brasil

Road network (paved) 5000 4400 968 3056 776 2433 202
Motorway network 68.2 94.3 7.6 65.1 30 70.9 9
Commercial freight 34.1 11.0 6.2 137 5.4 6.4 8.7

vehicles [million]

Table 11 - Road transport infrastructure and freight vehicle stock [x1000km] (EC 2012)

Currently, road transport carries on average muae 80% in inland freight volume and more than
90% of goods in value (IRU 2011). Table 12 hightggbome statistics on road transportation for
major economies, namely the distribution of worlplgsed road network and commercial freight
vehicle’s fleet.

Road infrastructure grew 12 million lane.km (11lmoil paved) or more than 35% in the past
decade, with China and India accounting for moaa thalf of paved lane.km additions. During this
period, paved lanes share of total network increéégem 53% to 60% of a total worldwide road
network length of 43 million km. Chinese paved natwwhas grown 3 times during this period (to
approximately 70% of USA total network length) a@linese capital investments on paved
roadways are likely to continue. India, on its padded nearly 1 million km of paved roadway to
its domestic network.

3.1.4. Rail

World rail infrastructure is almost 1,000,000 knii teack long and, since 2000, roughly 66,000 rail
track km were removed (physically removed or sediczmoved), while China, India and other
ASEAN countries added 11,000 km of rail track, withina alone accounting for 7,000 km, 2,000
km of those for high speed rail services (HSR),chtwere expected to grow to 8,300 km by 2012
(Dulac 2013). This network carried almost 9,300dml tkm in 2010 (UIC 2010).

Three countries/regions — CIS, USA and China - dane the world’s ranking of freight flows by
rail, each one holding close to 26% of global flalvs, with India at a distant fourth place. The to
10 regions of the world, presented at Table 12responsible by 98% of the total world rail freight
flows.

The total length of Russian railway lines is seconty to the United States, as rail transportation
was a key aspect of soviet trade infrastructureckvhktill stands today, while in the United States
rail freight gain increased predominance only after1980s’, following the deregulation of
American rail industry by th8taggers Rail Adegislativeinitiative. China owns the third largest
rail line infrastructure, showing the highest degnsif operations - TKM+PK by km in the world,
followed at a considerable distance by India.
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Cumulative %

Rank Country million tkm world share
1 CIS 2,532,867 27%
2 United States 2,468,738 53%
3 China 2,451,185 79%
4 India 600,548 86%
5 EU 328,803 89%
6 Canada 322,741 92%
7 Brazil 267,700 95%
8 South Africa 113,342 97%
9 Mexico 71,136 97%
10 Australia 64,172 98%

Table 12 — Goods transported by rail in 2010 [milbn tkm] (Barrientos and Soria 2013

Rail transport in Europe has been declining inmedecades, especially in what concerns freight
flows. Rail’s share in the freight land transpodriket has dropped from 32.6 % in 1970 (EU-15) to
just 16.7 % in 2006. In absolute terms, based erathount of goods carried and distances
travelled, ralil freight transport activity (EU-18gclined between 1970 and 2006 by about 1 %
annually (EC 2008).

0.76 - 5.6
5.6-41
41- 304
304 - 2,238

® 2,235 - 13K

B 13K - 74K

B 74K - 428K

W 428K - 2.5M

Figure 16- Goods transported by rail in 2010 aroundhe world [million tkm] (Barrientos and Soria 2013)

Significant structural changes, caused in a largent by initiatives taken at EU level to, for
instance, the open up of rail markets to greaterpaiition and the increase of technical
harmonisation, rail freight volumes have stoppélihfzand the decline in rail's market share for
freight has slowed down. Any licensed EU railwayngany with the necessary safety certification
can offer national and international rail freight\aces throughout the EU.

In 2010, rail freight volumes in the European Uniegre estimated to be 16% below the 2008 peak
level. The drop of freight rail transport for therfpd 2008—2009 has been visible in all EU Member
States (except Estonia) and Norway which reportgdgat improvement in freight transport, 0.1%
and 1.2%, respectively. Despite EU rail freighturok reduction, in 2010 the global rail freight
sector grew by 7.2% to reach 9,843 billion TKMs$&61,797 million in value terms, a 7.7%

8 Available data for road freight volumes ranges from 2006 to 2009.
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increase over the previous year. This can be exgudby the strong recovery of the United States,
which accounted for 43.2% of the global rail freighctor value.

Russian rail transport accounts for a considersitdee of external trade freight between the
Russian Federation and China. During 2010, themelof rail freight between the countries
increased by 33% to reach 53 million tons. The weggbrity (94%) of cargo comprises Russian oil,
timber, chemicals and mineral fertilizer exportst there are also increased volumes of imports of
Chinese machinery and technical goods. Railways baen developing the main freight routes
between the Russian Federation and China througé lavestments in rail infrastructure in the
regions of Siberia and the Russian Federation’ssaat (UNCTAD 2011).

3.2.Current Passenger Demand

Modal split

Setting comparisons between passenger transposdlrmslodres across different countries is a
challenging task but helps highlight several comrnmends and some particularities between
different markets. Passenger transport continubs thominated by car, particularly in developed
countries, with private car holding a huge shar®t#l passenger-kilometres (pkm), while public
transport still dominates in emerging economighoalgh private car use is gaining increased
market share at a fast rate. Air passenger trahspare continues to increase strongly and is tinke
to a rapidly growing tourism industry and also acrease in international business travels. New
business models - like low cost airlines - have atentributed to this growth. Rail passenger
services have considerable higher demand in sonas Asarkets being comparatively negligible in
North America.

80%

60%

40%

20%

0%
EU-27 USA Japan China Russia
M Private Veh. Rail M Bus&Coach M Others M Air

Figure 17- Passenger modal spfiin 2010: Intercontinental Comparisons [all modespkm] (Several sources)

There was an increase of 17% on EU-27 passengespet volumes between 1995 and 2005, as
shown in Figure 18. During this 20-years perio@,tblumes of all transportation modes increased
in absolute terms while the total volume of puldansport modes was more or less constant.

9 Data for private car use in China and Russia is not available; Japan data is related to 2009.
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Figure 18- Modal split in the EU-27 between 1995-20 [billion pkm] (EC 2012)

In 2010, the crisis effects led to a reduction aggenger transport figures. Although car transport
represented the larger share of passenger trans®{10, only air and rail transport were able to
marginally increased their market share in relatethe previous year, +0.2% and +0.1%,
respectively.

Air transport has seen a slight increase in moglél during this period and this is a trend expdcte
to continue well into the future. The growing shafair traffic is linked to a growing tourism
industry and also to increased international bissinevel as a result of growing globalization.

High-speed rail has brought some stamina to passeat) transport sector, harvesting increased
competition with air transport. High-speed raidlsnare developing quickly but prices and total time
travel are decisive factors in modal split rat@s high speed rail can only compete in cases where
(door-to-door) travel times are close to thosewition and prices are also competitf/évan

Essen, et al. 2009).

In the USA, passenger travel grew 95% between 88d01995. This growth cannot be explained
simply by the growth in the U.S. population, whicise by only 28% during the mentioned period.
Rather, changes in the labour force, income, thieerui@ of metropolitan areas and other factors
increased travel (M. Sedor 1997). Ten years lassenger transport volume continued to grow, to
decline only with the subprime crisis of 2008.

10 The Madrid-Barcelona case is one example that investments in high speed rail have a tremendous impact on the number of
passengers who travel by rail and consequently, at the rail-share. Rail-share in this corridor increased from 10% in 2004 to
60% after Madrid-Barcelona HSR corridor entered into force. The air connection between Madrid and Barcelona was the
busiest regular route in Europe, ahead of the one between Sao Paulo and Rio de Janeiro (CNA 2011). However, since the high
speed line between Madrid and Barcelona entered into service, in 2008, the air traffic flow in this route decreased by 50%.
Available evidences shows that is mainly when travel time is below 3.5h that people switch from airplaine to HSR trains
(Harland 2011).
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1995 2000 2005 2010
p.km - share p.km - share p.km - share Pkm - share
Air 346 - 7% 457 - 8% 527 - 8% 524 - 8%
Private veh. 4001 - 75% 4405 - 75% 4670 - 75% 4 858 - 76%
Bus&Coach 497 - 9% 516 - 9% 524 - 8% 510 - 8%
Rail 421 - 8% 448 - 8% 460 - 7% 494 - 8%
Others 44 - 1% 42 - 1% 40 - 1% 38 - 1%

Table 13 - Modal share between 1995-2010 in the EU-foillion pkm] (EC 2012)

With a network of 4.4 million kilometers of pavetjhways, highly developed by global standards,
USA passenger transportation is dominated by pgsserhicles (including cars, trucks, and
motorcycles), which account for 83% of passengertiaveled (7% higher than in Europe). The
remaining 17% was handled by mainly by airplanesBinses&Coaches, with trains chosen by less
than 1% of the market (Figure 19).
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Figure 19- Modal split in the USA between 1990-201[billion pkm] (BTS-US DOT 2013b)

Despite some volume changes between modes in 81 2®10 period, passenger transport shares
in the USA remains quite stable for different modeer the years, as can be seen in Table 14. Yet,
air has been steadily gaining market share oveipthiiod, while other public modes activity also
illustrate some more recent vivacity albeit staytirom a very low base, as is the case of rail and
others (maritime, etc). The small share of railseagers in US transport system, as illustrated in
Table 14, stands out when compared to other gebgsfsee Table 13, Table 15 and Table 16).

1990 1995 2000 2005 2010
p.km - share p.km - share p.km - share p.km - share Pkm - share
Air 556.6 - 9% 650.0 - 9% 829.8 - 10% 939.5 - 10% 908.9 - 11%
Private veh. 5731.2 - 88% 6225.1 - 87% 7323.4 - 84% 7 887.7 - 85% 6830.3 - 83%
Bus&Coach 195.4 - 3.0% 219.0 - 3.1% 505.2 - 5.8% 448.8 - 4.8% 470.4 - 5.7%
Rail 39.9 - 0.6% 39.5 - 0.6% 46.6 - 0.5% 47.4 - 0.5% 54.3 - 0.7%
Others 1.4 - 0.0% 1.8 - 0.0% 2.4 - 0.0% 3.1 - 0.0% 4.1 - 0.0%

Table 14 - Modal share between 1990-2010 in USA [lmn pkm] (BTS-US DOT 2013a)

In China, public passenger transport volumes hapergenced major growth and expansion during
the last 3 decades, with an increase of 2,20®@bilbkm between 1990 and 2010 (a fivefold
increase), as shown in Figure 20. Rail transporthvim 1980 had more than 60% of passenger
transport modal share saw its share halved in ®eades. In turn, road transport has been
increasing its modal share, accounting in 2010rfore than 54% of the total passenger-km
transport volume. It's worth noting that Road pagse turnover (pkm) statistics available for
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China comprises commercial services only (schedpdasdenger services, taxis, buses and other
commercial services), ignoring private ¢agRU 2009), with the following market shares (pkm)

= Scheduled passenger transport lines: 74.8%;

» Taxi 5.7%;

= Urban public transport vehicles (buses): 32.3%, and
= Other commercial passenger transport: 11.1%.
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Figure 20- Modal split in China between 1980-201({llion pkm] (NBSC 2012)

Despite declining to only 31% of China's total mager-km volume (disregarding private vehicles,
see above) in recent years, China’s rail passdraféic volume is one of the highest in the world
(second only to India) and the recent opening of high speed rail lines is likely to strengthersthi
position, although the increasing challenge of tammawhich has also been steadily gaining market
share in this fast growing market.

1990 1995 2000 2005 2010
p.km - share p.km - share p.km - share p.km - share p.km - share
Aviation 23.0 - 4% 68.1 - 8% 97.1 - 8% 204.5 - 12% 4039 - 14%
Road (public) 262.0 - 47% 460.3 - 51% 665.7 - 54% 929.2 - 53% 1502.1 - 54%
Railways 261.3 - 46% 354.6 - 39% 453.3 - 37% 606.2 - 35% 876.2 - 31%
Waterways 16.5 - 3% 17.2 - 2% 10.1 - 1% 6.8 - 0% 7.2 - 0%

Table 15 - Modal share between 1990-2010 in Chinkillion pkm] (NBSC 2012)

The rapid increase of motor vehicle use througl@hiha is a result of its highway and road
systems fast expansion —the Chinese highway systemprised, in 2008, 3.7 million km of
highways (up to 3.98 million km in 2010), with oM@million km paved and 65,100 km of
Expressways, while the number of registered passarags in China has grown threefold between

2004 and 2009 (CAGR of 25%), from 15.33 millioralcmost 46 million in 2009 (CSP-NBSC
2011).

In 2004, around 10% of the Chinese car fleet wastttnited by taxis — each traveling 90,000 km to
115,000 km yearly - placing the Chinese averagedyear mileage at about 24,000 to 27,000 km,
quite higher than in developed countries (Huo).e2@07). These figures put average private car

11 As opposed to statistics available on stats.oecd.org on inland passenger transport, which swap over results between private
and commercial vehicle use.
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annual mileage at around 17,000 km and chinesatperiar travel volumes in 2004 at around 235
billion vehicle.kilometers, slightly above 2005 Ation figures, suggestinga 15% market share

for passenger car turnover (pkm - including taxgspwing to 20% in 2010, which is still quite
distant from developed economies.
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Figure 21- Modal split in Japan between 1980-2008RTI - MIC 2013)

In what concerns Japan, between 1980 and 1990waera relevant shift from public and

inflexible modes (railways and buses) to individuralel (see Figure 21). Road transport gained a
significant share especially after 1990, leavingtransport behind, with a percentage of passenger
transport share of more than 60% of all passengevédume. This trend is especially related to
income level growth and to demographic growth (Rpdr 2013).

Since then, no major changes have been obsendapan’s passenger transport volume and mode
shares, as can be seen in Table 16. In 2009, tddevtdume of passenger transport was 1,438
billion passenger-kilometres (down 2.0% from 2008).

1990 1995 2000 2005 2009
p.km - share p.km - share p.km - share p.km - share Pkm - share
Air 52000 - 5% 65000 - 5% 80000 - 6% 83000 - 6% 75000 - 6%
Private veh. 576 000 - 51% 665 000 - 54% 741000 - 57% 738 000 - 57% 712000 - 56%
Bus&Coach 110000 - 10% 97 000 - 8% 87000 - 7% 88000 - 7% 87000 - 7%
Rail 387000 - 34% 400 000 - 32% 384 000 - 30% 391 000 - 30% 394 000 - 31%
Maritime 6300 - 1% 5600 - 0% 4300 - 0% 4000 - 0% 3100 - 0%

Table 16 - Modal share between 1990-2009 in Japgmillion pkm] (SRTI - MIC 2013)

As seen before for freight, Rail is also a majadurcer of pkm in Russia, although its share has
been steadily declining throughout the years. Rudleéctive services (Bus&Coach) data also
reveal a similar pattern, while the spotlight goasaviation, whose relative performance has
outpaced consistently other mode’s, climbing frat@olin 2000 to 30% in 2010. Available data for
passenger transport in Russia is liquid of privatetravel.

12 Considering a conservative assumption of single car occupancy, for both taxis (excluding driver) and private cars.
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Figure 22- Modal split in Russia between 1995-2016SSS 2012)

1995 2000 2005 2010
p.km - share p.km - share p.km - share p.km - share
railway 263.5 - 48% 239.1 - 51% 229.1 - 50% 188 - 39%
road (public) 215.7 - 39% 173.9 - 37% 142.4 - 31% 140.7 - 30%
maritime 1.4 - 0% 1.1 - 0% 0.99 - 0% 0.86 - 0%
air 71.7 - 13% 54 - 12% 85.8 - 19% 147.1 - 31%

Table 17 - Modal share between 1995-2010 in Rus$ia million pkm] (FSSS 2012)

Unfortunately, modal split data for other releveegional markets like India or Brazil is not
available due to lack of data, as recent statistegorts jointly produced by the BRICS illustrdfes

3.2.1. Air

Between 1999 and 2008, global scheduled air trave$sured in pkm, grew on average by 4.8%
per year. Fast growth is expected to continue theenext decades, particularly in non-OECD
economies. Fuel costs, income and population grawelkey drivers, while “open skies” and
deregulation in Asian regions will be a furthergtb factor. Many countries may experience
higher levels of air travel at lower levels of mapita income than has historically been the qase i
OECD countries.

In 2011, according to the International Civil Avat Organization (ICAO), approximately 2.7
billion passengers travelled by air. Passenger ddmase by 5.9% compared to 2010, in line with
long-term growth trends. As shown in Table 18,nmétional traffic grew by 7.4%, with a strong
demand in business and leisure travel, particulargmerging markets.

13 See (CSP-NBSC 2011)
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Passenger Traffic (pkm) International Domestic Total ASKs LFs
Region Traffic Market Traffic  Market | Traffic Market Capacity Load
Growth Share Growth  Share | Growth Share Growth Factors
Africa 4.6% 3.7% 5.4% 0.8% 4.7% 2.6% 6.1% 66.7%
Asia/Pacific 4.3% 24.8% 9.0% 31.4% 6.3% 27.4% 5.8% 75.8%
Europe 9.5% 40.5% 4.5% 9.2% 8.9% 28.5% 9.7% 75.9%
Middle East 11.9% 11.6% 11.6% 1.7% 11.9% 7.8% 13.4% 73.2%
North America 4.3% 15.5% 2.3% 51.3% 2.9% 29.1% 3.1% 83.5%
Latin America and Caribbean 9.0% 3.8% 6.0% 5.7% 7.5% 4.6% 2.2% 78.5%
World 7.4% 100% 4.9% 100% 6.4% 100% 6.5% 77.5%

Table 18 - 2011 Regional market share, passengeaffic, capacity growth and load factors (%) (ICAO 2012b)

According to Figure 23, USA domestic market was jasently (2010) the largest in the world with
19% of the global passenger traffic flows, followsdEurope with 13% and the Chinese domestic
market with 7%. The main inter-regional flow takgace between North America-Europe with
8.7% of the global passenger aviation flows, fokoMby Europe-Middle East and Europe-Africa
links with 2.9% and 2.8%, respectively.

Global Passenger Aviation Flows

2010
N EsAsia
Central 0
America

; '
Middle East
Oceania

South

Amenca

forum, ICAD,

Figure 23- Regional passenger flows in 2010 (ITF 22k)

In global terms, domestic traffic grew by 4.9% 02040 leverage by an estimated 10% increase in
demand for domestic air travel in China. Growtlilamestic markets, however, was significantly
lower than that registered in 2010. The relativelyer growth rates registered in North America,
Europe and Africa were offset by the robust grovaties of Latin America, Asia/Pacific and Middle
East airlines. Between 2006 and 2011, domesticepgss demand grew from 1.37 billion
passengers to 1.77 billion, an AAGR of 5.3%, esgdgcdue to the expansion in the Indian and
Chinese domestic markets (IATA 2013).

D5.1 - Current transport demand and global transpgtook — FINAL - 28.06.2013 Pa&fof 152



RACE20500 — FP7 314753

SEVENTH FRAMEWORK
PROGRAMME

In 2012, Domestic markets grew by 3.9% over 20his §rowth was mainly driven by strong
demand for domestic air travel in the Asia/Pacifiatin America/Caribbean and the Middle East
regions with China (9.5%) and Brazil (8.6%) asdtrengest performers. US traffic expanded by
0.7% in 2012 (down from 1.5% in 2011), and capagigw by just half of that at 0.3%. The
slowdown reflects the maturity and subdued econ@mowth of the US market which accounts for
about half of all domestic travel (as intra-Eurap@aghts are considered as international flights).
The European domestic market (flights constraindduropean countries boundaries) declined in
2012, due to financial issues for some carriersaaddteriorating national and regional economic
environment.

International passenger demand rose from 760 mip@ssengers in 2006 to 980 million in 2011, at
an annual average rate (AAGR) of 5.1% (IATA 2013)e highest growth for international traffic
was registered by the airlines of the Middle Ea#ibived by Europe, which benefitted from the
ability of low cost carriers (LCCs) to expand theaint-to-point markets. The lowest growth
figures, registered in both North America and AR&xific, still represent a significant increase in
absolute numbers. Meanwhile, the negative econgmiwth in Japan continued to keep on low air
travel growth in the Asia/Pacific region.

According to ICAO (2012a), international trafficeyy more than 6.0% in 2012, the same rate as the
previous year. The strongest growth came from em@mgarkets, particularly the Middle East
(17.3%), Latin America (11.7%) and Africa (7.4%}riBan carriers registered growth almost twice
higher than their 2011 results, at 7.4% comparetd3®o (see Table 19).

Passenger Traffic (pkm]) International Domestic Total ASKs LFs
Region Traffic Market Traffic Market | Traffic Market Capacity Load
Growth Share Growth Share |Growth Share growth Factor
Africa 7.4% 3% 2.3% 1% 6.7% 2% 5.2% 68%
Asia and Pacific 5.5% 27% 8.8% 35% 6.9% 30% 5.9% 7%
Europe 5.6% 39% -0.7% 8% 4.9% 27% 2.5% 79%
Latin America and Caribbean  11.7% 4% 5.3% 7% 2.4% 5% 6.1% 75%
Middle East 17.3% 13% 7.9% 1% 16.8% 8% 11.6% 79%
North America 1.3% 14% 1.2% 49% 1.2% 27% 0.7% 83%
World 6.5% 100% 3.9% 100% 5.5% 99% 4.0% 77%

Table 19 — 2012 Regional passenger traffic and cagity growth, market shares and load factors (ICAO D12a)

In relation to Asia/Pacific region, internationedffic saw a passenger growth of 5.5% in 2012
which was stronger than the 4.3% growth observé&iri, when figures were affected by the
Japanese tsunami. The 2012 performance was iwitheéhe global average and contributed about
a fifth of the total industry growth.

European airlines’ passenger traffic expanded 5162012, sharply down on the 9.5% growth of
2011, mainly due to financial issues for some esasrand a deteriorating national and regional
economic environment and because around a qudiieropean airline international traffic growth
came from airlines outside of the Eurozone (Tulkeyg a major contributor). Despite slow
economic growth in some regions and the implemiemtaif austerity policies (mainly in southern
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European countries) 2.9 billion people (more th#mib relation to 2011) used air transport in
Europe, during 2012.

Despite the decent performance of Canadian cartleedNorth American market registered the
lowest growth rate of all international markets T 2013). In global terms, capacity grew more
slowly than demand (4.0%) supporting a near retmrel international load factor of 78.9%.

3.2.2. Waterborne

Major waterborne passenger traffics are confine@riy services on specific maritime liaisons like
those in the Baltic Sea, the English Channel, onecting islands like in Greece or Spain, and
some inland navigation (like urban-commuting feseyvices in Lisbon, New York, Bangkok or
Hong Kong). Ferries forms part of the public tram$systems of many waterside cities and
islands, allowing direct transit between pointa aapital cost much lower than bridges or tunnels.

The number of passengers-kilometres produced irREWaterways has been steadily decreasing
since the 1990s’, as Figure 24 illustrates. Thetasned fall in European maritime transport of
passengers in recent years has mainly been caysitieased transport to or from ports in a
number of the largest maritime transport countsesh as Italy, Greece, the UK and France (EC
2013).
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Figure 24 - EU-27 passengers transported by waterwaybillion pkm] (EC 2012)

In 2011, the highest numbers of passengers emlgaokidisembarking in maritime ports

(excluding cruises) were recorded in Italy (82 ioillpassengers, -7% compared with 2010),
Greece (79 million, -8%), Denmark (42 million, -19%)weden (30 million, 0%), Germany (29
million, +2%) and the United Kingdom (28 millior8%) (EC 2012), as shown in Figure 25. ltaly,
Greece, Denmark, Sweden and Germany together ascourjust over two-thirds of the total
number of passengers handled. Compared with 2B&Mhumber of passengers decreased by 3.5%
in 2011 (EC 2013).
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Figure 25- Passengers embarked and disembarked anfajor European Countries (EC 2012)

In relation to other geographies, Chinese’s passermgumes transported by waterways have
generally been declining since the 1990s’, reachimder 6 billion pkm in 2008 (see Figure 26) to
stabilize near 7 billion pkm in recent years. Téw®lution comes as a consequence of new railways
and highways constructions which have diminishaberall utility of Chinese waterways for
passenger travel. Still, passenger boats are plantig popular in some mountainous regions, such
as Western Hubei and Chongging (the Three Gorgeg,arhere railways are few and road access
to many towns is inconvenient (NBSC 2012).

20

1990 1995 2000 2005 2006 2007 2008 2009 2010

Figure 26- China’s passengers transported by waterays [billion pkm] (NBSC 2012)

Although the number of US passengers transportedabgrways over the years is considerably
smaller comparing to the majority of other courgyithe share of passengers transported by
waterways has been increasing (Figure 27) contradithe world tendency. Transit agencies
operating the public transit ferry systems serveel 76 million passenger-km in 2009, using a
fleet of 143 ferryboats. These ferry services cargito serve an increasing number of passengers
since mid-1990s’ (U.S.DoT 2011).
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Figure 27- Evolution of US passengers transported byaterways [billion pkm] (BTS-US DOT 2013a)

Cruising has become a major player of the touristiustry, with millions of passengers each year.
With larger capacity ships and ship diversificatiorore local ports, more destinations and new on-
board/on-shore activities that match demands ofworers, the worldwide passengers carried by
cruise have been increasing annually. In 2012witdwide passengers carried reached 20.3
million, from under 4 million in 1990 (Figure 28).

North America, with almost 11 million passengeidrtg 4,222 cruises for a record 71.8 million
passenger nights in 2011 (U.S.DoT 2012), is thgekstrcruise market, with over 60% of nowadays
cruises established in America, while 27% are Eemopbased and the remaining 13% travels in
other parts of the world. Still, the number of masgers in Europe is increasing more rapidly than in
North America, while market growth and improvindrastructures increasingly places Asia as the
next potential market for the cruise industry (KepcAnalytics 2013).
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Figure 28- Worldwide passengers carried by cruisedgps [million] (2013 to 2017 estimates) (Cruise s.d.

With higher outputs year after year for over twaatkes, still today’s long distance passenger travel
in Europe fulfils a marginal leisure purpose oriflygne considers that cruise passengers represents
only 3% of the total number of passengers in EUp@Ts (data for in 2011) (EC 2013).

Cruise (s.d.) estimates that, Europe's share isotag to rise 1% between 2013 and 2017 while
North America's share is expected to decrease aRa6sluring that period.
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3.2.3. Road

Passenger transportation in develop countriesnsriied by private vehicles, as private transport
is generally perceived as faster, more flexible emufortable than public transport. Historically,
the transport and land use policies from many agesl countries have pursued the
accommodation for ever increasing demand for peit@nsport, although current practices
increasingly promote the use of more sustainabléasica trend that might be picked up earlier in
the developing by emerging economies.

Private vehicles comprise light-duty vehicles (LB¥ars and light trucks) and two-wheelers. Data
presented in Table 20 gives a global view on vehstbcks on major regions, highlighting the high
motorization rates in the most developed econortilesthe USA, EU-27 or Japan, as opposed to
other emerging economies.

EU-27 USA Japan China Russia India Brasil
Car Stock [million] 238.8 234 69.2 403 326 17.2 37.2
Motorization 477 763 542 30 228 15 195

[cars/1000p.]

Table 20 — 2010 Vehicle stock (EC 2012, Denatran28) TRW - MRTH 2012)

The global LDV fleet has grown over 2.5 times frijust over 300 million LDV in 1975 to over

800 million in 2010. While in the 70’s around 85%tlwe world fleet was found in OECD

countries, this figure has fallen to 70% nowadagsfleet growth rates declines in developed
countries and intensifies in developing economigpattern that is expected to intensify in the
future (ITF 2012b), due to the “s-shaped” relatibesnveen income and car ownership, with levels
of car ownership and use growing strongly at farsdl then decreasing and eventually levelling off
at higher levels of income, while other determisasftdriving also led in the same direction, as the
age structure of population.
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Figure 29 — EU-27 private passenger transport betwael 995-2010 [billion pkm] (EC 2012)

Historical data on private car use evolution plabeshighest demand levels in the world in USA,
with over 7,000 billion pkm produced annually by08608. This illustrates USA’s higher
propensity for private car use, as UE27 populasawo thirds higher than USA’s, but its per
capita pkm production is only 40% of USA’s privai@ssenger transport (Figure 29). Most recent
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result for US reveals a strong correction on trangproduction although, based on light duty
vehicles transport only, dropping USA figures tiglsily over 6,000 billion pkm, in 2009 and 2010
(Figure 30).
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Figure 30 — USA private passenger transport betweeh990-2016 [billion pkm] (BTS-US DOT 2013b)

Data for Japan, on the other side, illustratesvaldped economy with a much leaner propensity for
private car use, despite recent market developmefgged previously, as Japanese 127 million
population only produces around 800 billion pkmnjgdess than one third of USA’s per capita
figures. Figure 31 illustrates a 5.5% fall in Jagmanprivate passenger transport between 2000 and
2008.
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Figure 31 — Japanese private passenger transport tveeen 1990-2008 [billion pkm] (BTS-US DOT 2013b)

The overall global figure for motorization rate2809 was 123.8, according to the WB (2013),
which raises huge potential for future car acquisg in emerging economies, although future
levels of ownership and use are highly uncertaohdirectly linked to future energy prices,
transport policies and infrastructural developmetatshnical and lifestyle changes. If historical
development patterns are to apply to emerging eo@® it will raise some significant
sustainability issues.

14 Data for USA includes: Light duty vehicle, short wheel base; light duty vehicle, long wheel base; truck, single unit 2-axle 6-
tire or more and truck combination; the sources notes stresses out that data for 1960-99 are not exactly comparable to data
for 2000 onwards.

D5.1 - Current transport demand and global transpgtook — FINAL - 28.06.2013 Pateof 152



RACE20500 — FP7 314753

SEVENTH FRAMEWORK
PROGRAMME

Buses and coaches can help reduce congestion Huatigpg as in averaged terms one coach can
replace 30 cars. Its use in more developed cousngiknked to either lower income stratus or bette
mobility planning, as focused transport policied apatial structures can promote its increased use,
especially in urban environments.

Bus&Coach EU-27 USA Japan China Russia India Brasil
billion pkm 510.1 470.4 87 1502 147.7 582 27.4
fleet [x1000] 819 846 227 1696 900 1532 723

Table 21 — 2010 Bus&Coach vehicle stock and transpgroduction °

Table 21 presents current fleets and demand ugrifdic road services in major regional markets.
Data for developed economies as EU-27, USA andnJplaaes Bus&Coach demand at roughly
one tenth of private car figures, as China andalistiand out as the major users of these services.
It's worthy of note that Indian pkm only consid&RTU (State Road Transport Undertakings)
production, lacking pure commercial services dartal that available data for Brazil only considers
interstate and international traffics, highlightiting difficulties on retrieving this kind of
information, which is not always available.
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Figure 32 — Bus&Coach passenger transport betweer820-2010 in developed regions [billion pkm]

The steady evolution on Bus&Coach ridership in tgved countries is illustrated in the above
chart. The evolution of American statistics betw&889 and 2000 raises some question marks we
are not able to answer, that are probably linkedbta retrieving and processing. Data for Japan
also shows that current traffic is somewhat letsam in the 1990s, from over 100 billion pkm to 87
billion pkm in 2009°.

Regarding available information on developing coest available data on Chinese and Russian
demand for public road transport shows oppositeldgvnents from a similar starting point in the
1990s, with China road sector showing greater dysramwhile Russia public road sector has been

15 Data from several sources, including EC, USDOT, ANTT (Br), ARSTU (In), Statistics Japan and Russian Federation State
Statistics Services.

16 Available series for Japanese pkm go only until 2009. Available information from another document places them at 71
billion pkm in 2010, but as this value appears solely and not in a series, it's not clear if they match correctly.
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losing ground to aviatioand probably to private ci alsq although there is nstatistical data to
support this last statemeince the collapse of the Soviet Ur.
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Figure 33 — Chinaand RussiaBus&Coach passenger transport [billion pkm](NBSC 2012, FSSS 201

3.2.4. Rail

Rail passenger transpamt2010 was over 2,750 billion pk(UIC 2010) Rail passenger transpt
rankings are dominated bysmn cwntries, with India, China and Japan on the topespots,
followed by EU27, other Europe and Russia. The evolution ofpasisenger demand is gL
dissimilar in different regionaharkets.

Country pkm [x106]
India 903,465
China (Pop. Rep. of) 791,158
Japan 393,470
EU27 386,191
Other Europe 225,666
Russian Fed. * 139,028
Africa 62,324
Ukraine 50,240
Egypt 40,837
Korea (Rep. of) 33,027
South Africa 13,865
USA 9,518

Table 22 — Pasenger transported by rail in2010 [million pkm] (UIC 2010) and (SRTI - MIC 2013)

Rail is acommonly used mode of lo-distance transportation in India, as the rail nekwaverse:
the length and breadth of the country, coveringtal iength of 64,460 kilometr(MR-GI 2011) —
the fourth largest in the world. Diand for rail passenger services han@ease tenfold over the
last decade in India (OECD s.ddyvailable information untik000 placed road transport product
fourfold higher than rai{Chaudhury 205), but more recent information on road deman
available only foiState Road Transport Undertakings, as referrededaquisly.

17 Africa figures include Egypt and South Africa; values for Japan were retrieved at stat.go.jp

(http://www.stat.go.jp/english/data/handbook/pdf/c09cont.pdf ) since available figures from UICs were quite different.
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Figure 34 — India rail passenger transport® 2000 - 2010 [billion pkm] (OECD s.d., Chaudhury 208)

Regarding China, we can safely say that rail hsistlee leading role it once played on passenger
mobility, (before the 1980s — see Figure 20). N#wadess, the historical evolution of pkm in China
Railways has also been quite impressive, althoulgioks like its growth is levelling off over the
last years, as Figure 35 illustrates.
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Figure 35 — China railways passenger transport beteen 1990-2010 [billion pkm] (OECD s.d.)

Rail passenger transport volume in the EU-27 recheHew in 1994, after which average growth
was 1.0% per year. Growth was particularly stranthe last three years for which data are
available, passenger transport increased by amage@f 2.3% per year between 2003 and 2006
(Figure 36).

18 There is a discrepancy between UIC and OECD data, since they give the same figure for 2009 and 2010.
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Figure 36- EU-27railways passenger transpor between 1990-2010 [billion pkm[EC, EU transport in figures 2012c

Rail passenger transport felt the full impact & dtonomic crisis later than other sectors. It
more visible in 2009 and continued to be felt iL@0In the EU, passeng-kilometresstagnated in
2010 (+0.2%) after falling 2% in 2009. Accordin¢ ITF (2012b),more than two thirds of all ra
travel (national and international combined) wasoaated for by the four largest EU Meml
States with France ar@ermany together accounting for more than twodifththe EU’s passeng
rail travel. The number of inteational passenc-kilometres travelled by French passenger:
2009) was more than twice the level for Germanyclim turn recorded a figure that was 2.5 tir
as high as that in the United Kingdom in 20

Regarding Russia, availalbial passeng«-kilometres data showed a drop by 8% in 2010, in
with historical evolution since the 1990s’, wiransportproduction doubled nowadays figul
Overall fall since the soviet times is around 5
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Figure 37- Evolution of passeger rail transport in Russia between 1990-2010 [billion pkm(OECD s.d., UIC 2010

Japan rail passenger statistileginitely illustrates a more mature and stable market, whapely
and demand have met aquilibrium stage some time &.
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Figure 38- Evolution of passenger rail transport inJapan between 1990-2010 [billion pkm] (OECD s.d.,/| - MIC 2013)
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4. Driving forces

Transport is usually described as a “derived derhemtthe sense that demand for transport is
almost always determined by broader aspects ofoecmnor personal activity. Freight must be
moved from production point to markets, and passengavel to work or to shop or for leisure:
rarely is the trip itself the object of the trangpexcept maybe for tourism or sporting events.
Transport thus has been understood to arise frber drivers rather than being a principal actor.
The most influential driving forces for future teportation demand patterns are highlighted and
referenced in the this chapter.

4.1. Demographics and society

Demographic and socio-economic developments incudgriety of driving forces influencing and
changing the demand for mobility. Mobility is arrinsic need of human beings a derived demand
of the activity system. As societies have developda purposes have become diverse and travelled
distances longer. The existence and further dewsop of infrastructures and services are
important induction factors, shortening distancesveen places and improving travellers’ comfort.

Beyond individual mobility needs, the populationesidensity, structure and expected growth rates
are important parameters that help to explaingeiperation, mode choices and infrastructure use.
Population growth and changing lifestyles creatasex for versatile, individual mobility solutions
and can lead to the creation of new infrastructasea response to the expansion of city borders.
Population density is also an important drivertfa creation of sustainable public transport
systems since it also brings along an adequaterntkfoacentralized transport services and ensures
a higher capacity use of the public transport Vekic

Extended life expectancy leads also to an incredsathnd for mobility. In developing countries
the working population will increase and with ietheed for commuting and business trips. In
developed countries, it is expected that more Bldetthe future will travel more than previous
generations of elderly did, generating a higherdpmrt demand for daily passenger transport with
special mobility needs. In this case, future tramspystems and services will play an essential rol
in supporting a more independent and healthy agsapglation.

4.1.1. Population
4.1.1.1. Population development

The world population is growing, although with vesignificant regional differences. The European
Environment Agency (EEA) has published a studyudrig past and future trends for the global
population, demographic development and structigE#\ 2011a). The past developments and
future projections are for the time periods 18062&and 1960-2100. According to the EEA study
(EEA 2011b) the global population has been steagtibyving during the past decades with some
regional differences. While population growth hebgized in Europe and in the USA, it still has a
positive trend in most of the developing economsigsh as India or countries in Africa and Latin
America (EEA 2011Db).
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The United Nations has developed three long teenaos for the world population which go

until 2300 (see Figure 39).

40 36,4
27,8
30
21,2
20 - 16,7 -
10,6 9,1 8,5 8,5 8,8 9
10 ol g - ——
2|5 -
i J“ 7,4 55 oY S 3,2 ‘2,7 2 3.
1950 2000 2050 2100 2150 2200 2250 2300
e | OW el Medium High

Figure 39- Global population development 1950-200énd projections to 2300 [billion] (UN 2004)

In the medium scenario the world population wilt otbange greatly after 2050, whereas the high
scenario shows a drastic increase in global populand the low scenario would lead to a global
population of only 2.3 billion until 2300 (UN 2004)he UN report highlights the importance of
fertility and life expectancy for the populationv@dopment. Until 2050 fertility will have the
largest influence on increasing populations, buh&long term the increasing life expectancy will
become the most important factor for populationagho(UN 2004).

UN’s projections (2004) for the distribution of glal population support the previously mentioned
analysis from the European Environmental Agencysirav the shares of the global population
until 2300. The largest shares will be also aceaydo the UN in Asia and Africa, Latin America
having the third biggest share. The proportionkligest increase will take place in Africa and the
greatest decrease in Europe (see Figure 40).
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Figure 40- Distribution of world’s population 1950200 and projections to 2300 (UN 2004)

4.1.1.2. Demographic change

Besides the globally increasing population andaegji disparities in the growth one of the main
trends relating to demographics is ageing. Sewestitutions have dealt with this issue, such as th
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United Nations, the European Environment Agenoy,BEhropean Commission, Eurostat and the
National Intelligence Council (NIC). They have pillblished studies concerning the changing age
structures.

Even though the trend for ageing society is culyehe strongest in Europe and in Northern
America, the median age is expected to increas®l @ontinents (UN 2004). According to this
paper the rising median age does not only have tweith increasing shares of elderly populations
(see Figure 41), but also with decreasing shay@whger age groups due to decreasing fertility
rates.
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Figure 41- Share of the advanced age groups +65 am80 during 2000-2050 and 2100-2300 (UN 2004)

The proportional growth of the elderly populationdl be the biggest in the developing countries
and emerging markets, whereas the trend will slowrdin Northern America and in Europe (UN
2004).

With their habits from lifelong active mobility batiour the willingness of this group to change
daily transport modes might be limited. Accordingatstudy conducted in Germany the elderly
rather pay an increasing price for mobility thaarmge their mobility behaviour, however seniors
with lower financial resources might have to adapd reduce the use of mobility services if the
public transport tariffs aren’t lowered (Zentrunr Riternskulturen 2009). An adjusted tariff system
for seniors would keep the public transport seivi@eailable and is an effective way to stimulate
the use of public transport modes (Arentze, e2@08).

Population Changes in Developed Western Countries

Some studies (Moriarty and Honnery 2008, RudinDenaghy and Poppelreuter 2004) analyse the
expected stagnating and ageing populations in Euaop in North America. The stagnation in
industrialized countries takes place due to deargashild birth rates and increasing life
expectancy leading to proportionally larger popolsd in Asia, Africa and Latin America

(Moriarty and Honnery 2008).

Between 2000 and 2060 increasing life expectanegredsing fertility rates and a proportional
reduction in the age groups below 30 years is drdan Europe and in North America (Moriarty
and Honnery 2008), leading to ageing populationdeadults are the fastest growing segment of
the population in Europe and North America and @y@every fourth citizen will be aged 65 or
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older (Feng, Hubacek and Guan 2009, Rosenbloon$titd 2003). According to another
European Union study the population over 65 yealisngrease its share in the EU from 17% in
2009 to 30% in 2060 (EU 2005).

A closer look on the national level populationswhadlisparities, even within Europe. A study
covering six Central and Eastern European countrased at the demographic development
during 2000-2010. Stagnation or declining populaiwere identified in Germany, Hungary and
Croatia (EU 2011). A slight population growth wa®wn in Belgium, the Netherlands and Austria,
but in the long term demographic ageing is becoraimgssue in all these countries. During the
research period the average age of the inhabitasased between 4% and 12% (EU 2011).

Population Changesin Asia

Asia’s 50 countries and territories, and its popataof around 4.3 billion - accounting for 60% of
the world total - will witness the most rapid demegghic change in the world (Zhongwei Zhao
2013)"°.

In the 1950s, the Asian population as a whole ilisrsthe early stages of demographic transition;
fertility and mortality were both higher than thend average, with a total fertility rate of 5.8
children per woman and a life expectancy of 43 yelar2013, the total fertility rate has fallen to
2.2 children per woman and life expectancy hashe@@0 years.

Great demographic diversity still exists. Asian plagpions have experienced remarkable
demographic changes, but the process, magnitudecrsgquence of these changes have varied
significantly. When examined by region, East Asaa ked the change over the past six decades —
the lowest fertility and mortality rates in the Wwbhave been recorded in some East Asian
populations in recent years. Southeast Asia is simhitly behind East Asia; the region’s total
fertility rate has fallen from 6.1 to 2.1 childrper woman and life expectancy has risen from 42 to
71 years over 1960-2013.

In contrast, fertility and mortality changes hawsb much smaller in the five Central Asian “-
kstan” countries. Their total fertility rate hasctieed from 4.6 to 2.5 children per woman and life
expectancy has increased by only 13 years (fromo B8 years). Demographic changes in West
and South Asia have been far more notable thartimoSentral Asia but have been less dramatic
in comparison with East and Southeast Asia.

Marked variations in fertility and mortality havelped to form different age structures and other
demographic characteristics in these populatiohssiwhave had very different impacts on Asia’s
recent socioeconomic development. For the samemetsese countries and areas will also face
very different demographic challenges in the naturé. On the basis of these considerations and

19 Zhongwei Zhao is a professor at the Australian Demographic and Social Research Institute, College of Arts and Social
Sciences, the Australian National University.
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their current fertility and mortality levels, Asigoopulations can be divided broadly into three majo
groups, although there are some exceptions.

The first group consists of most East Asian pojaiatand several countries in other parts of Asia.
These populations completed their demographic ttansome time ago. Their recent and current
fertility levels are lower or much lower than 11&@ldren per woman, and life expectancy tends to
be higher than 74 years. Their recent populati@anghs have opened the ‘demographic window’ to
economic development, and most of these counteaes bxperienced rapid economic growth in
recent decades. Because of their very low fertiitgs and remarkable reductions in mortality,
these countries have witnessed and will continueitioess rapid ageing. Many of them have
experienced or will soon experience a notable dech the working-age population, or even a
decline in the national population. The conventily@efined old-age dependency ratio will further
increase in most of these countries. If their falelv-replacement fertility levels are not reversed
soon, the age structure of these populations widbime even more top-heavy or biased towards old
people.

By 2050 Asia will add another billion to its alrgelduge population of 4.3 billion. Demographers

reckon that this will be a very good result, natdngse Asia’s population will become so large but
because the population projection for 2050 is sé\mllion lower than it would have been without
the spread of control over human fertility that basurred over the past four decades.

With 1.4 billion and 1.2 billion people respectiyeChina and India currently account for 37% of
the world’s population. Thirty years later, theg axpected to account for roughly the same share
of world population. But the overall numbers hidle fundamental changes that will have occurred
by then. The bulk of population growth in Asia otlee next three and a half decades will be in
South Asia, a result not of high birth rates buthef large number of people in the childbearing
ages, itself the product of past higher levelsedilfty.

The falls in birth rates across Asia mean thatydtare is a concentration of population in most
Asian countries in the working ages. Economistktbaé feature of population transition in Asia the
demographic dividend because it provides the oppdyt for more productive investment of capital
and for a stronger focus on developing the humaitataf the next generation of workers, both
essential features of economic development. Ecoe®iikie Japan and the Asian tiger economies of
Korea and Taiwan benefited from the demographimdnd during their earlier periods of high
economic growth. Capturing the demographic dividisnabw a major objective in the progress of
development in countries such as Malaysia, Thajlambnesia and China. The economies of
South Asia and elsewhere also need to ensurehttyacapitalise on this source of growth potential.

The second group of countries, which is spread aghoss Asia and includes countries such as
Turkey, Indonesia and Oman, has largely compleétedemographic transition, but fertility levels
are either slightly higher than replacement or hag reached this level recently. Their life
expectancy is generally within the range of 7050q/&ars. Largely for this reason, the proportion of
old people is still growing relatively slowly indse countries. Most of these populations will have
low or declining dependency ratios over the newt decades, which, together with favorable
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development policies and adequate investment, dwird about the kind of rapid economic
growth that have been seen in many group-one deanreating enough jobs will be a major
challenge over the next 20-30 years.

The third group of countries is largely from SouBloutheast and West Asia. Most of these
countries are still in the late stages of demographansition. Their fertility rates are still nditig

higher than replacement level and life expectae@enerally lower — in some cases much lower
— than 70 years. Rapid population growth will caog to be a major challenge for them, and some
will see their current population more than doubehe middle of the century. This will lead to
increased population density, a high dependenay aad strong demand for employment — and
these factors will put great pressure on socioetonidevelopment. In some of the group-two and
group-three countries, the high population dengiigreasing demand for jobs and low standards of
living will also produce a strong ‘push’ which cdukad to increased international migration.

In the next 20-30 years, fertility and mortalityaciges are likely to be relatively slow and steady i
most Asian populations, although they may declapdly in some group-three countries. This is
because after falling to a low level, mortalityastre very unlikely to bounce back dramatically
unless the country is struck by catastrophic indest disease, natural disaster or war. Similanly, i
low-fertility populations, small fluctuations omaoderate increase in fertility may take place,dut
drastic surge or reduction in fertility seems ualjkin the near future.

The certainty about Asia’s future demographic clesrgso stems from the impact of population
momentum. Because of this, a number of major deapdge trends in Asia have already been
determined by the size and structure of the cupeptlation. While unexpected events or radical
interventions can still alter Asia’s demographitufe, the demographic backdrop has been largely
set up for the next 20—30 years. The socioecononpects and policy implications of this
backdrop need to be considered carefully in plagpfon fulfillment of future demand for mobility
and transportation (Zhongwei Zhao 2013). They plewide reach food for thought for European
strategists at transport and other mobility prawidindustries who either are interested in
containment or further expansion of their busingssence at different regions of Asian continent.

Population Changesin MENA Countries

For hundreds of years, MENA'’s population oscillaéedund 30 million, reaching 60 million at the
beginning of the 20th century. In the second hb#Qih century, MENA region witnessed an
explosive population growth — population increagedh around 100 million in 1950 to around 380
million, 50 years later (Roudi 2011). This was tarld highest population growth rate recorded in
the past century: MENA region reached a peak otifajon growth (3%) around 1980, while the
world as a whole reached its pick (2%) around tecadles earlier; in 2007, MENA was growing at
about 2% a year almost twice than the world ave(Ageaad and Roudi-Fahimi 2007). Nowadays,
MENA region contains about 6% of world’s populatipartially the same as EU population.
Together, Egypt, Morocco, Iran, Algeria and Sudecoant for more than 70% of the region’s
population.
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The significant decline in child mortality — infamtortality dropped from 200 deaths per 1,000 live
births in the early 1950s to fewer than 50 deatliseaturn of the 21st century — allied with the
decline of MENA's fertility rate — fertility declied from 7 children per woman around 1960 to 3.6
children in 2001 —, led first to an increase in pineportion of children under 15 and then to an
increase in the proportion of people between 1522hgears. These young populations represent a
tremendous opportunity, both as market and as fdiooce. According to Ahmed, Guillaume e
Furceri (2012), over the past decade, “the laborgefin MENA has grown at an average annual
rate of 2.7%, faster than in any other region efworld, excluding Africa. And it will continue to
outpace most other regions. The number of labagefentrants remains daunting — approximately
10.7 million new entrants are expected to joinlé®ur force in the coming decade, compared with
10.2 million in the previous decade. However, ydatiour force growth is expected to gradually
decelerate over the next decade, easing labouretnsupply.” Today, with half of its population
under age 25, MENA has the second youngest popnlathong world regions, after sub-Saharan
Africa. The average life expectancy at birth is@#8b years — close to the world average (67.2
years).

According to Roudi (2011), “in a number of (MENAQuntries, each generation of young people
enters childbearing years in greater numbers theupttevious generation, so as a whole they will
produce a larger number of births” so, despitedihaine in fertility rates, MENA’s population is
expected to continue to grow for several decades.pbpulation ages and dependency ration could
rise as a greater proportion of the populationhreacetirement age.

More than half the working-age population of the NfEregion are neither employed nor in

school. MENA'’s youth unemployment rate (25%) — imiGia reaches up to about 30% - and
economic dependency are the highest in the woridlynbecause of its young age structure and the
low level of female labour force participation.

By 2025, overall share of youth in MENA's populatis expected to decline to 17% although the
number of 15-to-24-year-olds is still expectedricrease by more than 7 million for the whole
region. The growth in the youth population will &gpecially prominent in Irag, Yemen, and the
Palestinian Territories — where current levelsesfility are the highest in the region. By 2035,
youth population is expected to reach a peak atlididn and decline slowly thereafter.

Since 1950, MENA's population growth rate quadrugoe it's expected to surpass 700 million by
2050, exceeding the population of Europe in that.y€his continuing growth is complicating the
region's capacity to adapt to social change, ecanstrains, and sometimes wrenching political
transformations (Kent e Farzaneh 2007). With papragrowth, elderly population will also grow
and with it the demands for health care and fir@rsgcurity, however they will remain a small
share of the total population, especially compavitd Europe, where one-third of the population
will be age 60 or older by 2050.
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Population Changesin Latin America

The Latin America (LA) population has been growatgleclining rates. Population in Latin
America increased 3.5 times over the last halfiogrtfrom 161 million in 1950 to 547 million in
2005—and is projected to increase an additional 40&6 the next 45 years, to reach 763 million in
2050 (Cotlear 2011). However, according to Un-Hetk(2012), after a rapid population growth by
the mid of the last century, LA region have beepegiencing profound demographic changes, most
notably a reduction in population growth ratesrfran annual rate of 2.7% in 1950-1955 to 1.15%
in 2011, a rate similar to the one observed agtbbkal level) and an increasing upward shift in age
structures. In the most populous countries of &ggon, the population growth ratio reduction has
been from 6.1 to just 1.7 in Brazil and from 6.7ust 2.0 in Mexico (Leeson 2011) and can be
explained by the decline of the fertility - resoftprofound social changes as changing values and
attitudes as well as behavior to family formatiow &hildbearing.

Even so, due to decreasing mortality which ensom@® and more people were surviving to older
ages, population increased from 60 million (in 19€0s) to nearly 588 million in 2010, comprising
8.5% of the world’s total population. This poputatihigh share is concentrated mainly in two
countries, Brazil and Mexico, totaling more thatf b&LA’s population (33% and 18.5%,
respectively). The majority of LA countries stithéh populations below 10 million but there are now
11 countries with populations between 10 and 50aoniand 2 with more than 50 million — Brazil
and Mexico.

With an increase of life expectancy at birth frorhygars in the mid-20th century to 74 years in
2011 and with the decline in mortality and ferfilithe number of older people and their share of
population increased from 8% in the mid-20th to 1(t#ta from World databank). This kind of
population structure is expected to be even prooediim the future.

By 2050, LA will be the developing region with temallest proportional growth expected.
Stabilized at 800 million — 8% of the projectedlgdbpopulation, this slight population growth will
be largely due to fertility declines in severalitsflargest countries such as Brazil and Mexico.
However, the number of countries with more thamilon inhabitants will double — Colombia
and Argentina will join to Brazil and Mexico (UndeéNations 2009).

In relation to the number of the working-age popata(aged 15-59) it is estimated to keep
growing steadily until around 2030, after whickviduld start to decline under the low and medium
variants, but the growth would continue under tigh lvariant. The total number of working-age
people is estimated at between 365 million andmifdon in 2050 (Cotlear 2011).

Between 2000 and 2050, the proportion of persoed ager 65 will triple, by which time one in
every five persons in Latin America will belongtt@t age group. By 2050, 22.5% of Brazil's
population and 22.1% of Mexico’s population will @aged 65 years and over. Cotlear (2011) wrote
“the magnitude of the older population is expedtethatch that of the youth population for the first
time in history around 2040. By 2050, the olderydapon is expected to outnumber the youth
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population by 30%”. The total demographic depengemid reach a pick in 2050, increasing from
53% in 2010 to 62% in Brazil and from 48% in 2002@2% in Mexico.

4.1.1.3. Changing society, lifestyle and mobility behaviour

Society has changed fundamentally over the lasidiescaffecting demand for transportation. The
size and spatial distribution of households chatigeslemand for living space and settlement
patterns. Due to smaller household size more complability is needed to establish and maintain
social contacts as well as to conduct other ass/itvhich then again increase the demand for
transportation (Brog, Barta and Erl 2005).

The household structure has changed in Europesamvtitage household size has dropped by 10-
15% during the past 15-20 years (EU 2005). In 1#B85verage household in Europe had 2.5
persons, but since then there has been a trenddswiagle households. The share of single
households is expected to grow from 30% to 36%ndu2000-2015 (Brog, Barta and Erl 2005).
Future perspectives for Germany also show an isagrgamount of single households by 2030.
The increase is predicted to be up to 8% deperwtiritpe underlying future scenario (Institut fur
Mobilitatsforschung 2010).

Changing lifestyles can also be seen on othermemnts. The trend is especially strong in China
where the increasing income levels lead to grovimgsehold consumption and better availability
of goods and services including transportation ¢f-étubacek and Guan 2009). According to this
source there will however be clear regional diffees in the development of lifestyles. The income
and lifestyle disparities between urban and rures are growing and the urban lifestyles with
increasing expenditures change towards the weEigmwpean lifestyles (Feng, Hubacek and Guan
2009).

Two studies carried out in Germany and anothercomelucted by the European Commission
identified some key aspects for the changing Mestand values affecting mobility (Lanzendorf
and Gather 2005, EU 2005). Key words used to dasthie change were individualisation and
flexibility (Hunsicker, et al. 2008, EU 2005). Denthfor individual mobility services is expected
to increase due to changing, flexible and spontaséfestyles.

People want to choose freely where they live, waorét spend their leisure time regardless of longer
distances or the increasing need for more compiéiyidual mobility services. Leisure activities

are gaining on importance and the everyday lifeb®s more irregular and quickly changing
(Brog, Barta and Erl 2005, EU 2005). The individoadbility needs are strengthened by the
liberalisation of working hours and conditions, nmgkcommuting less regular (Lanzendorf and
Gather 2005).

The private car enables fulfilling individual neeafsd routes, which suits the previously mentioned
lifestyle changes towards individualisation andried for flexible mobility. According to
Hunsicker, et al. (2008) the rising fuel costs amdssions will however improve the attractiveness
of the public transport. Especially in the urbaeaa multi-modal transport solutions with emphasis
on the public transport will become more import@hinsicker, et al. 2008).
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Still unknown is the effect of upcoming forms oftuial mobility, which will together with the
knowledge society and service economy open newrtypbes for the virtualization of work.
Together with the changing lifestyles and techniclalgdevelopments the working life is also
changing. Home office and virtual conferences aasubtable, efficient options depending on the
job characters, tasks and the position of the eyepldde Graaff and Rietveld 2007).

Public transport services focusing only on tradisilbschedules will become less adequate and need
to be adapted to the changing lifestyles. Demasplamsive transport services could be a solution
for a more flexible public transport (EU 2005).l1&xible transport services which aren’t offering
appropriate alternatives lead to increasing usbeprivate car to secure individual travelling (EU
2005).

The changing lifestyles include internationalityddead also to growing international travelling due
to social connections, leisure time preferencdamily members with different nationalities (Brdg,
Barta and Erl 2005).

4.1.2. Migration

Migration is also a strong influencing factor fagulation growth particularly in the developed
countries. Migrants tend to be younger and geneaalive workforce with higher fertility rates
compared with the natives (Brog, Barta and Erl 2006e migration flows show a trend from rural
to urban areas and the migrants also settle dowrbin or suburban environments (UNEP 2012).

Migration has led and leads to population growtti evens out the stagnating child births in
developed countries. Migration’s role is becomingrenimportant due to demographic ageing and
the stagnation of the working age populations (BRayta and Erl 2005, EU 2009). Out of the
yearly population growth of ca. 0.25% in the EUgration counted for 0.20% (EU 2005). A
prognosis for Germany also recognised the impogafenigration and expects an annual
migration flow of approximately 100,000 people UB050 (Fraunhofer 2011). Another study from
Germany predicts even a higher migration flow betw#&00,000 and 200,000 persons per year,
depending on the future’s scenario for 2030 (lasfiir Mobilitatsforschung 2010).

Migration also has an influence on the demand fobitity, especially when it comes to public
transport services (Brdg, Barta and Erl 2005, EOS}@\fter arriving to a country immigrants are
more often using the public transport services canexgb with the local population. A demand for
multilingual information services will also increawith the development of a multicultural society
(Brog, Barta and Erl 2005, EU 2005), which is sasm trend for the future, for example in the
Netherlands (Harms, et al. 2011).

There will also be relevant transportation effesising as economic and cultural links to other
regions and countries are intensified by the miggagspecially to their countries of origin, leaglin
to growing international people travel and goodssport (EU 2009).
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4.1.3. Urbanisation patterns

According to the United Nations Environment Prognaen(UNEP 2012) almost all population
growth will take place in cities in developing coues while this trend is slowing down in the
industrialized countries. The majority of Europeans already living in cities and the regional
differences in urban development have evened aaes high level of urbanisation throughout
Europe has been reached (EEA 2011b). Due to urdizamzin emerging economies the global
urban population is expected to increase with nimse 3 billion by 2050.

Urbanisation patterns influence travel behaviow mrodal choice, especially when considering
population’s lifestyle. Land scarcity and urban gestion will continue to influence urban planning
strategies and lead to higher demographic densitidsnixed land use developments. To tackle the
land use and accessibility issues relating to ugaéion, the use of multimodal transport services
and active modes should be promoted.

Urban sprawl is closely linked to socio-economentis: the spreading of housing and commercial
services outside the cities where they are maiotgssed by private transportation, driven by the
high private car ownership which is a result obatfible automobiles, low fuel prices, increased
individual mobility needs and inadequate publioggort services (EC 2011). However the
movement of people from city centres towards subwrithout strict planning is an old

phenomenon. As long as there have been cities ¢ine fortunate ones have moved to areas with
lower population densities and more nature oragtlacquired a holiday home outside the cities.
This development could be seen already in the ahBleme where the ones in possession of horses
and carriages escaped the cities to the hillsafaerelaxation (Bruegmann 2008).

Cities with compact and centralised housing areddabour markets are a result of the history as
well as geographic and cultural factors. From thadport perspective compact and densely
populated areas are a requirement for improved@trahsport services, which then again leads to
an increased use of public transport (EEA 2011bg fublic transport can however only be
profitable and the capacity of the transport s&viadequately used when the population or
passenger density is high enough (Gori, Nigro agtdelti 2012). The high level of transport

services and infrastructures hasn’t only improvesldccess in urban areas but also the connections
to suburbs and other locations in the agglomerawdmch have led to increasing urban sprawl. The
gaps between urban and rural areas have sharpededeacausing contradicting mobility needs
(EEA 2011b, EU 2009).

According to Buehlerand and Pucher (2012), Gernsioype example for frequent use of public
transport services as Germans are five times aly lds Americans to make a trip by public
transport. There are several differences betwessettwo opposite examples on travel attitude
countries. German legislation encourages densesdnise urban development. The increasing
appeal of public transport in Germany for persoith ®asy access to a car may be explained by the
rising cost of driving as well as improved publiartsport service. Compared with the USA,

German households with more cars than drivers rB@demes more trips by public transport in
2008/2009 (5.7% versus 0.3%). On the other hanithatJSA, governments have failed to restrict
car use in cities, raise the cost of driving, ang@riove land-use policies, subsidizing roadways, car
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use, and parking which have inhibited the use tliparansport and puts the United States as the
country with the highest motorization rate in therld: 828 vehicles per 1,000 inhabitants facing
509 vehicles for Germany and 473 vehicles for EU-27

Public transport ridership in Germany has increasguwificantly in urban and rural areas as well as
in small and large metropolitan regions. The grow#s the biggest in densely populated areas.
Compared with Germany, public transport use inUB& is more concentrated during the peak
hours, being dominated by commuter travels fromstiteurbs to city centres.

Settlement patterns are influenced by lifestylengfes as well as urbanisation, as influencing
factors such as income, transport infrastructuceragional economic situations are changing. In
the last decades many countries’ infrastructuraeligpment has been influenced by auto
mobilization, enabling the combination of individimusing preferences with job opportunities
(EC 2011). Sub- and peri-urbanization and increpdistances between housing areas and work
places leads to commuting and to new kind of istkesrregular traffic flows due to peak hours
and otherwise low capacity use of public transpelticles, also in Europe. These issues could
partly be solved with flexible working hours, howigice and online services (Gori, Nigro and
Petrelli 2012).

A combination of urban planning, good public tram$services and improved infrastructure for
active modes is needed to reduce the land areafasednsport infrastructure and to make the land
use more efficient (EC 2011). A reduced need ofeirand of private transportation could be
achieved through urban planning, which then againlévreduce congestion in urban areas and
emissions caused by the transport sector (GorroNagd Petrelli 2012, EC 2011).

4.2.Economic Issues
4.2.1. GDP and GDP per Capita

At worldwide level, an increase in Gross domestadpct (GDP3° and in personnel income
translates an increase of people’s propensityateetrfurther, faster and more comfortably, as it
affects the level of consumer purchasing powerptiopensity to undertake leisure travel and to
valuing more quality and comfort while travellin@ar ownership and usage is also likely to
increase along with wealth, therefore increasimgpitopensity for the use of private cars in short /
medium distance trips.

UKs’ Department for Transport (2012) found that wiavailable income increases, the opportunity
cost of travel becomes higher - the individual barearning more money or enjoying more leisure
instead of travelling. With higher purchasing powedividuals could decide how much time they
want to spend on a trip and which mode to takepé&n“value of time” - a key parameter on
transportation demand modelling - is particulanfuenced by GDP variations.

20 GDP is the market value of all the finished goods and services produced within a country's borders in a specific time period;
usually calculated on an annual basis.
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GDP per capita growth normally leads to individusdsing more disposable income, more choice
options and a consequently increase in general migfoa goods and services (that are increasingly
sourced globally), provoking increased use of fpanisfor the production, distribution and
consumption of goods and services.
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Figure 42- Per Capita GDP by World Region between820-2000 in International Dollars (Maddison 2007)

GDP evolution

The twenty-first century multi-polar world is noniger dominated by the EU, the US and Japan.
Asia and Africa, which over the last decade cantheédore, include some of the world most
competitive and sophisticated economies, as wetiasy emerging ones which either already have
become global players or are in process of doing so

From 2000 to 2010, the world’s economic centrerakiy has shifted further than at any time (see
Figure 43), moving eastwards after years moving wes to the profound productivity gains and
mass urbanization that came during the British/Aamerica Industrial Revolutions (Dobbs, et al.
2012).

=
R

Figure 43- Evolution of the earth’s economic centref gravity (from A.D.1 to 2025) (Dobbs, et al. 2012
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This eastward movement has been mainly explainedraymber of rapidly growing mid-to-large
sized metropolitan areas in Asia — their produttigrowth is elevating millions of poor to the

ranks of the consumer class. China by itself h&sces — 236 of them are middleweights — in the
City 600, a group constituted by 600 cities whiglpiedicted to generate 65% of world economic
growth by 2025. India is another Asian country vehigre increasing size and power of their cities
will be translated into rising incomes and consedjyea rapid growth demand for many goods and
services.

OECD projections also place the highest econonga/tir expectations in the Asia/Pacific region;
China and India will lead the way, with many otkeonomies also growing strongly. Among the
developed country regions, North America’s GDP ddwé 50% higher and Europe’s 40% higher
by 2030 than today’s values (OECD 2012a). Figurdldgtrates the GDP per capita historical
evolution on major regions in the world.
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Figure 44- GDP growth rates 2010-2050 (OECD 2012a)

However, differentiated patterns of global econogrmwth, already emerging before the recent
financial crisis, are expected to continue. Despieing a GDP growth higher than average GDP
per capita growth, the largest developing economuneklevels in the developing economies will
still be much lower in 2030 than in the high-incogreup — the current income gap is just too large
to bridge fully over this period.

By 2050, China, the US and India are likely to gddy the three largest economies in the world
(Table 23). As well as the rise in China and Irali@ady noted, another notable development
projected is that Mexico and Indonesia could risbd amongst the top 10 largest economies -
ranking 7th and 8th respectively by 2050 in terfn&DP at PPPs. In turn, the UK is expected to
drop from 9th to 11th place by 2050 given thas iairelatively mature and advanced economy,
although it holds its place relatively well againgter advanced economies, in part due to relgtivel
favourable demographics by EU standards (PwC 2013).
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2011 2030 2050

PPP Country GDP at PPP  Country Projected Country Projected
rank (2011 US$bn) GDP at PPP GDP at PPP

(2011 USS$bn) (2011 US$bn)
1 us 15,094 China 30,634 China 53,856
2 China 11,347 US 23,376 US 37,998
3 India 4,531 India 13,716 India 34,704
4 Japan 4,381 Japan 5,842 Brazil 8,825
5 Germany 3,221 Russia 5,308 Japan 8,065
(5] Russia 3,031 Brazil 4,685 Russia 8,013
7 Brazil 2,305 Germany 4,118 Mexico 7,409
8 France 2,303 Mexico 3,662 Indonesia 6,346
9 UK 2,287 UK 3,499 Germany 5,822
10 ltaly 1,979 France 3,427 France 5,714

Table 23 - Actual and projected top 20 economies nked based on GDP in PPP terms (PwC 2013)

According to United Nations (2010), structural chams commonly associated with modifications
in the relative importance of different sectorsroume, measured by their share of output or
employment and refers to long-term and persistaiftssan the sector composition of economic
systems.

The rise of new economic powers has generally degen by the rapid structural transformation
of their economies, featured by the shift from @ignproduction, such as mining and agriculture to
manufacturing; and in manufacturing from naturalengrce-based to more sophisticated, skill- and
technology-intensive activities. Continued and rasBEDI flows transformed emerging economies
from production sweatshops and technology takeesiimovation motors and technology path
breakers. By so doing they have also changed divisi labour within the global R&D sector.

4.2.2. Household disposable income

Gross household incorffedetermines the mode of transport used to travahtbfrom work or
school, that is to say, modal choice is a varialbleonsiderable interest, since it is likely to be
highly affected by income levels.

Low income groups travel further using cheaper,exeffortful modes (walk and bicycle) than the
higher income groups, although for cycling theeaténce is only marginal. Thus, it can be seen that
walking as a mode of transport is more highly faeouoy individuals from low income

households. On the other hand, high income graapsltfurther by car, motorcycle and bus than
the low income group. Schafer and Victor (2000)nidthat as households become wealthier their
vehicle ownership tends to increases, but at ardeglrate.

21 According to OECD, household disposable income is the sum of household final consumption expenditure and savings
(minus the change in net equity of households in pension funds).
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It may also be assumed that as household incomeaises, so does travellers’ value of time. The
guicker and more time efficient option of takintyi@ by car may therefore become more attractive.
Although car ownership and usage is not solelyairisy income, it is nevertheless a high predictor
(EEA 2008).

In what concerns to scholar travels, the costasfdport can be a significant factor in determining
the mode of transport children use when travelllmgchool. In high income families, children are
likely to be driven by parents to and from schawdtead of walking or bicycle to school, especially
because high income families generally have mae time car per family and are therefore more
likely to use a car for this purpose.

According to Dobbs, et al. (2012), “as incomes iover, the shape of the income distribution within
the consuming classes will change”. In what conreésrmiddle income segments (with an annual
income above $20,000 at PPP), in the Emerging4# share of households will rise from 35%
of all households to more than 55%. However, thi®me growth is not only limited to middle
income segments. Cities in emerging markets wdbaat for 60% of new high income households
— with an annual income of more than $70,000 at PRP2025. As shown in Figure 45, China
alone will account for 19% of those householdsjdré¥, Russia and Brazil 4% each and Mexico
3%. These 5 countries will be responsible for 4Bioni of the total number of households in
emerging economies, 56 million; and Emerging 44@<will represent 77% of such households.

In China and India, the most populated countrigtéworld, the majority of household does not
have yet a car; however, these countries are negthé stage of development where a rapid take
off in car ownership and in mobility in general mag expected.
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Figure 45- Growth in urban households with income bove $70,000 between 2010-25 (Dobbs, et al. 2012)

22 Emerging market cities in the «City 600» - the top 600 cities by their contribution to global GDP growth 2010-25.
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Dargay (2007) wrote that household vehicle ownershies increase with employment and
incomes but are less likely to decline if employtremd incomes are reduced. Additionally,
Karlaftis and Golias (2002) found that a houselsfairchase of its first vehicle is primarily
dependent on socioeconomic factors (employmentranwane), but the purchase of additional
vehicles depends primarily on local travel conaiiolf walking and cycling conditions are poor
and driving is faster and cheaper than transitsabalds tend to own more automobiles.

4.2.3. Globalization

Apart from deeper global integration of culturesl @olitics since mid-last century, the world has
witnessed a continued internationalization and gliahtion of the world’s economy with a deeper
dispersion of supply chains, capitals and labouketa, for which the development of international
transport has been a key driving force, leveragitgrnational trade activity, as “Globalization
means geographical dispersion of production ammhgtreliance on trade” (OECD 2009). As
transportation and communication costs decreaskepraauction facilities and capital are shifted
without restraint to locations around the globe reh@oducts can be produced more competitively,
the world demand for trade can continue to increabde changing patterns of world trade
influence both transport flows and mode chdites

On its World Trade Report, WTO (2008) emphasizebnelogical innovation, political change and
economic policy choices as the main forces drigludpal integration:

= Technological innovation: improvements like coné&imnation in the shipping industry, the
development of the jet engine in aviation and thlution in information and communication
technologies drove costs of trade downwards whitegasing the speed of transportation and
communications;

= Political developments reshaping the geopolitical aconomical arena, like the fall of the
Berlin Wall and the collapse of the Soviet UnionChina economic reforms;

= Economic policies favouring deregulation and thaution or elimination of restrictions on
international trade, foreign investment and finahtiansactions; promoting enlarged economic
integration and regional cooperation, supportettéage liberalization agreements at bilateral
and regional levels.

Technological innovations in transport and ICT mpdssible to share technology and coordinate
production worldwide, manufacture products in distacations from market and make trade in
products possible where it had not been previowslyy huge variations in the types of trips that
make up international freight in terms of theirguency, complexity, distance travelled and vehicle
types used.

23 A good example is rail transport between Europe and Asia. Trans-Siberian Railway is estimated to account for
approximately 3-4% of containerised freight flows between Europe and China in 2005 (and road freight was estimated to
represent less than 1% of these), but rail market share is expected to grow significantly in the future, as more industries
move Westwards in China (further away from major seaports), and infrastructure and logistics services improve on this
corridor.
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Several evolutions in the transport sector haveahadevant role in the current globalization, fees t
next boxes illustrates.

Aviation role on globalization

The impacts of the aviation sector have been prafan globalization. “Air markets have been
liberalised, the networks that airline companiesrafe have changed (often to hub-and-spoke
networks), many new (often low-cost) companies tevered the market, and many (low-cost and
other) airline companies have gone out of businesserged (most of the remaining airlines have
already united into three major alliances)” (OEQID2).

Air transport costs (measured in terms of revererelpn-kilometre) have dropped over 90% since
the 1950s, as Figure 46 illustrates. The CAGR tiveperiod 1955-72 was - 8.1% (WTO 2008).

The increasing proliferation of Open Sky agreeméetsveen regional partners is driving aviation
costs further down and increasing the share otiawian international trade. For instance, Aviation
is responsible for carrying half of United Statgpats outside North America, and for a third of
imports, in value terms (WTO 2008), while for EU;2fmost a quarter of Exports was shipped by
air, against a share of 16% in the opposite dwecti

In what concerns passenger air transport, glolimisalso entailed greater factor mobility, with an
increase in both temporary and permanent migrabiosiness trips and tourism through the use of
air transport.
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Figure 46- Worldwide air revenue per ton.km
Source: Figure from World Trade Report 2008 — Triade Globalizing World (citing Hummels (2007))

Maritime transport role on globalization

Increasing globalisation has also led to a stroegeiase of maritime shipping. In fact, the maritime
industry has transformed its technologies — liketamerization, reducing operational handling
times (load/unload) and promoting greater portieficy and multi-modality — or adhering to
open registry shipping, restricting regulatory kemsl and manning costs.

In a globalized world, mode choice (especiallydontainerized cargo movement) involves
balancing trade-offs between time, cost, and riiiglof delivery to facilitate trade among global
corporations and nations. According to Corbett WAdebrake (2008), “Low cost modes may be
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less preferred than faster modes if the cargorig ti@me sensitive; however, slower, lower cost
modes often carry much more cargo and, with prpf@ming, these modes can reliably deliver
larger quantities to meet just-in-time inventoreds’.

According to OECD (2009), globalisation helped litatie the greater division of labour, and

exploit comparative advantage more completelyh&nlonger term, globalisation also stimulated
technology and labour transfers, and allowed theadysm that accompanies entrepreneurial
activities to motivate the development of new texdbgies and processes that lead to global welfare
improvements. Globalization also creates a demangddods and services that makes improved
infrastructure and more efficient transport systenpsecondition for economic development.

The promotion of competitive transport markets comab with appropriate provision of
infrastructure and continued international coopensand openness are vital to the seamless
progress of the global economy. The failure to cgmagth any of the above aspects will surely
penalize future global economic prospects.

On the aftermath of the severe financial and sager@ebt crises that hit global economies, with
particular severity on developed countries, itusstionable if pre-crisis globalization patternd wi
prevail, due to the fragile sustainability of soafets aspects, like the extreme trade imbalanoés a
the historical current account deficits in westeconomies or the availability of cheap credit.

Recent evidences seems to point out to an evolotidnade patterns between major regional
markets, with the decrease of imports from AsiaHiRaloy western economies and the increase of
their exports, as massive trade gaps starts nargowr the current concerns on increased
protectionism pressures and the evolution of ttddealization talks.

The expected rise of oil prices (and transportatiost) and the evolution in relative costs of
production - wages, capital costs and energy praagght lead increasingly in the direction of
shorter supply chains, as nhumerous business clasadyaseems to pointing out, with direct
implications in the transportation patterns markes feasible that future global developments
patterns become less trade-intensive than preyiotiske future of global economy seems to stand
between more modest and steady growth patterngloeihgrowths with irregular and severe
disruptions, and its evolution is subject to someeutainty.

4.2.4. Changes in China’s Economy

2013 can be a memorial year which will mark anregéng turning point in China’s economic
evolution. It may be the year that China’s serveestor officially eclipses manufacturing industry.
According to national statistics (cited by Econan2813/02/analects-blog), which include
transport, wholesaling, retailing, hotels, cateriiigance, and real estate (among others) accounted
for 44.6 of China’s GDP in 2012. That is less tbae point behind the industry’s output whose
share in the GDP was 45.3%. And services are gpfaister than material production. The surge

in services may reflect the ongoing rebalancingGmese demand away from exports towards
consumption. This surge may also help to promaserébalancing. Because service tend to be
labour-intensive, their expansion should encoufager job creation, higher wages, leading to
higher levels of households discretionary spending.
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However, before heralding the dawn of China’s podtsstrial future, one should observe that
despite its growth, the role of services in therals GDP still falls short of global norms. Service
based economic wealth production may play a mayeprent role than it did in 2005, when its
share fell eight points short of China’s peers. 8hina’s material economy has also moved on
since then. If the service production followed flaene path as the industry growth, its share in the
China’s GDP would be around 55-60% now.

Service prices have also been rising faster thasetlof industrial outputs. Measured at constant
2005 prices, services still represent a smaller GBdte as compared to its peers (India and Brazil).
But the increasing value of services does not ohding fact that more will be spent on them in the
times ahead, which should encourage greater ineggnand imports to meet the soaring demand.
Therefore, this development should be closely wetadnd utilised by the European transport
industry which wants to sell its equipment, progduantd services to Chinese customers with
booming discretionary incomes.

4.2.5. Changes in Other Asian Economies

Asian countries economies showed a strong andisedtacrease — with lesser extend for South
Asia — in what concerns to investment as a sha@&Of® comparing to other world
countries/regions (see Figure 47). However a lagggon of this GDP is due to these countries
investment in infrastructure, property and manufact and not consumption.

Among Asian economies, Japan represents the fogemin the industrialization process followed
by newly industrialized economies as Korea, Taiwdong Kong and Singapore. The majority of
these countries changed their industrial structm@;ing from low-skilled production to a more
sophisticated one (Memedovic and Apadre 2009). mtpshowed less dynamic and structural
change relatively to newly industrialized economregast Asia, South Asia verified an slightly
increase of the share of manufacturing and mimomf14% in 1970 to a peak of 22% in the 1990s.
This growth was mainly a reflection about what Wwappening in India by the time — traditional
industries showed a downward trend to the advaradgkemicals and non-metallic mineral
products; most recently, India’s growth has beevedrby a fast-growing service sector.
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Figure 47- Investment as a proportion of GDP (% of5DP) (Cassidy and Orsmond 2009)
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According to Rungfapaisarn (2012) , the “traditibmedel” for Asian countries (especially Japan
and China) was to export goods to the West by lmuld8 treasuries and European assets. However,
since the 1998 crisis, Asian investments have bahifted from the West to Asia. Asian nations are
no longer investing exclusively in the United Ssate Europe, instead, are looking for investment
opportunities in Asia developing countries, thabisay, predominantly South and Southeast
countries.

Orsmond (2011) wrote “the rapid pace of investnggatvth in emerging Asia has reinforced large
increases in the region's investment to GDP rafijgregate investment has increased from around
26% of nominal GDP in the early 1980s to 37% of GDRecent years”.

After the Asian financial crisis in 1998, the intregnt to GDP ratio in the majority of Asian
countries fell back while that in China continuedise strongly. At almost 50% of GDP, the
investment to GDP ratio in China has reached hestlhy high levels. In India, the investment ratio
has also increased strongly of late, rising by & @ntage points of GDP in just the last decade.
However, at around 40% of GDP, India's investmer@®DP ratio is still far below that in China. In
contrast, the investment ratio in Japan has béewexr share of GDP and has declined over time
(Orsmond 2011).

Memedovic and Apadre (2009) found out that in Aklatil 2000, an unabated process of
tertiarisation was visible, with the value-addedrshof services rising from 40 to 59%, mainly to
the detriment of agriculture, which fell from 22686. The current decade is characterized by
different trends: the share of industry rose fraht@38%, as a result of the growth in “mining and
utilities” and manufacturing, and even agricultteeouped a small part of its previous losses,
reaching a share of over 7% in 2008.”

In the period 1980-2000, the Taiwanese industtracture was “dominated by the rise of
consumption electronics, at the expense of maoditivaal industries” (Memedovic and Apadre
2009). In relation to Japan and Republic of Kotkaing the same period, their economy has
progressively intensified its specialisation in imaery, electronics, telecommunications and
transport equipment, at the expense of all traggtigproductions. In turn, the industrial structafe
Singapore’s economy has concentrated in few kayities as chemical and petrochemical
products, electrical machinery and communicatiamggent.

4.2.6. Changes in MENA countries’ Economies

Middle East and North African (MENA) countries ae aggregation of a geographically connected
but highly heterogeneous region. The Worldbank 82@bnsiders the heterogeneity of the region
drawn on two distinct dimensions (see Table 24):

= Oil trade with import versus export, and
= Availability of resources including labour import.
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Oil importers | Developing oil exporters Oil exporters GCC
Developing countries Developed countries

Resource poor Djibouti, Egypt, Jordan,

Lebanon, Morocco, Tunisia,

West Bank and Gaza
Resource rich* Algeria, Iran, Irag, Svria,

Yermen
Resource rich* Libya Bahrain, Kuwait, Oman,
labour Qatar, Saudi Arabia and
importing® United Arabian
Emirates

Table 24 - MENA countries according to World Bank chssificatior?*

A closer look to the GDP on country level showshlest GDP growth in the last decades in oil
exporting countries, such as Qatar, Oman and edsp Which belongs to the developing oll
exporters. They differ concerning their economicad@epment in certain time periods; Qatar
managed the last years of crisis and even incrass&DP growth rate up to 15.5% per year
between 2005 and 2011 while the UAE could hardigine2% (see Figure 48).
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Figure 48- GDP of MENA countries by period (UNCTAD 213)

Most countries in the MENA region have undergomasformation in the last decades while
processes and results differ due to the descrilifgtaht socio-economic structure. Economic
transformation in South, Central and East Asia el @& in Europe, the Pacific region, Latin
America and Sub-Saharan Africa is characterizaddsstrialization and/or tertiarization — a shift
from agriculture to industry and from industry ndces. Not so in MENA countries where
economic transformation seems to be mainly indaistation. Services haven't increased their

24 GCCC - Gulf Cooperation Council Countries
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share for the last three decades. Instead indwstsygrowing but not on the same level as the
service sector in most other regions of the wdrdustry growth rates were below 20% on average
compared to more than 40% of service growth in gerar Central Asia.

On the other hand the agricultural sector in ME®®Nntries lost almost 40% of its share (see
Figure 49). Thus economic transformation sincel®®&0th was a shift from agriculture to industry
and a small increase of manufacturing in the MER@&ion while in the rest of the world the losses
in the agricultural sector were accompanied bynareiasing service sector — although with huge
differences of branches and added value betwe@mnaheconomies. Exploitation of natural
resources was the main driver for this special kihagtansformation in the MENA region (World
Bank 2013).

Sub-Saharan Africa |

Middle East & Morth Africa h

Latin America & Caribbean |

South Asia

Europe & Central Asia | ‘

East Asia & Pacific ‘

-80 50 -40 -20 0 20 40 60 80
Change in the share of services
Change in the share of manufacturing
Change in the share of industry {(incl. mining & manuf.)
Change in the share of agriculture

Figure 49- Changes in the composition of GDT in setted world regions 1980-83 and 2007-2010 (World Bla2013)

Beside the economic differences of the MENA redlmre are also political ones leading to
different paths of political development. In thetléew years the region has experienced political
transformation with conflicts and riots namely iariisia, Libya, Egypt and Yemen. These
developments have led to political change andrestoamation process as summarized under the
notion of the ‘Arab Spring’ — a development whiststill continuing® while Syria has to suffer

from a civil war. Beside those concise incidensoalther countries of the region have experienced
rioting so far without the long lasting effectsfahdamental, political or socio-economic change;
among those countries are —Algeria, Iraq, OmanSadli Arabia, while in Morocco political
adjustments were provoked by the protests. Theenswsio-economic situation has been the source
of the change as also reflected in the above destproblems of economy and labour market
affecting the social situation.

25 As it seems to be the case, with due reservations, of June 2013s’ turbulence in Turkey, since Turkey is not a dictatorship nor
is its military on the fray.
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Unemployment, youth unemployment, high income diipa — partially based on structural
problems of mismatch between education and econdevielopment — lead to the social riots.
Behind this missing economic adaption on changmgrenment and the unsuccessful
transformation are the root of the problems moiigpsociety to fight for change. The causes of the
problems are structural and fundamental charatterisf the affected countries. Other countries in
the region experience wealth and high incomeseasahe able to compensate a lack of education
or transformation towards a high-technology or kleasge intensive economy with natural
resources especially oil and gas which enables thagain immigrant workforce. Nevertheless oil
exporting countries reflect and discuss optionsafpost fossil era; projects like Masdar City or
huge solar plants are planned in the region airfingconomic transformation — although as a very
first step.

The political riots and struggle for social, paél and economic change in Arab Spring countries
are also motivated by a wish for transformation.t&ypow the direction and character of this
transformation isn’t clear. Beside a wish for maneation also religious trends are strengthened.
Protests, violence and confusion concerning palifpower affected the economic situation. As a
consequence tourism, foreign direct investmentteatte decreased which exacerbated the situation
(UNCTAD 2013).

As MENA countries are important oil exporters tludifical and socio-economic situation and
development are highly relevant for Europe, noydai the transportation system but for the whole
economy and society. Europe is depending on aiffatdable prices — as is the rest of the world. In
the last decades oil price volatility due to inGieg demand, but also due to political instab#ity
price policies affected European economy and ¢isz&he coincidence of the financial and
economic crisis with the political crisis and tréias process in MENA countries in the last years
affected world economy substantially.

Some of the described internal factors of sociaieadic and political trends will result in future
challenges for the MENA region. Especially trendsch are linked with development of social
disparities, economic transformation problems dnedetducational-labour market gap will challenge
policy and the need to adapt economy to changargdrconditions. The relevant trends and drivers
for the future transformation in the MENA regiomdae summarized as following:

= Unemployment, especially in young age groups;

= Low education level;

= Knowledge and labour market gap between large gobupskilled/less skilled people in need
of a job and need of economy for skilled workforce;

= Development of oil price and resources;

= Energy system transformatien potential for solar energy.

4.2.7. Changes in Latin America’s Economies

After benefited from an early industrialization pess in the 1930s and experienced sustained
growth until the beginning of the 1980s, Latin Amar(LA) countries began to suffer a long-term
slow economic growth associated with a de-indugeton process. In these countries, growth was
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mainly concentrated in the services sector whigestiare of agriculture in output was declining or
remaining stable (Memedovic and Apadre 2009).

The relatively strong growth performance during 1#880s and 1960s laid on an import-substituting
industrialization stratedy, which because of its limitations, encouraged safkeountries in a
parallel fashion, export diversification and regibmtegration (United Nations 2010). With a
premature trade liberalization that led to stroeglishes in industrial output in the 1970s, the latk
foreign financing and the stabilization policiesle aftermath of the debt crisis of the early 2980
both trade and financial reforms were necessagykggure 50). These reforms turned exports into
the engine of growth in most LA countries however éxport growth was not built on dynamic
industrialization but in a continued reliance opats of primary products / raw materials or on
assembling manufacturing processes. This volatde/th and the recurrent financial crisis which
provoked a deficient long-term investment for dymastructural change, led to a decrease in the
share of manufacturing and mining in total outputing 1970-2003; only mechanical and electrical
industries and transport equipment have continaeckpand.
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Figure 50- Latin America: GDP growth and the investnent ratio, 1950-2000 (Moguillansky 2002)

With the economic changes in the mid-1980s anteretarly 1990s that opened up the region’s
economies to trade and international financial #@md integrated them into the globalizing world
economy, the investment growth in Latin Americaidgithe 1990s was unstable and the
investment rate was low as the GDP share compuaiithghigh-growth developing countries. By
this time, “the region’s trade and investment tiéth Japan were already well developed, but links
with China and other developing countries in Asgrevstill incipient” (ECLAC 2012).

This changed rapidly afterwards. The turn of thbemnium has seen a major shift in Latin
America’s growth model, from the so-called imparbstitution model towards a model
characterized by liberalized trade, finance andtabmarkets and by a reduced role for the State in

26 The import-substituting industrialization strategy goal was to create industries capable of producing substitutes for
expensive imports while simultaneously promoting industrial growth and the expansion of internal economies.; it is a
development concept, which was converted particularly in and the 60's 50's in south Asia, Africa and Latin America (Source:
http://www.economypoint.org/i/import-substituting-industrialization.html)
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production, finance and the overall direction af #tonomy (Moguillansky 2002). According to
ECLAC (2012), with rising trade demand, especiftyn China — trade with China more than
triple during the 2000s — the average annual GDWir rate increased to almost 5% during the
2003-2008 period, and public debt in the regiomskrconsiderably.

FitchRatings (2012) wrote “LA has generally beregfifrom China’s economy rise through
increased bilateral trade, foreign direct investn{E®I) and commodity-backed loans”. The fast
rebound of Asian imports after 2009 has supportgthlLAmerica’s own economic recovery from
the recent global economic crisis.

After nearly a decade of continuous expansionrriapged only in 2009, GDP growth in Latin
America will slow from 4.4% in 2011 to 3.2% in 20&Ad 4.0% in 2013 (ECLAC 2012). This GDP
slowdown is largely related to LA dependency of @enese trade. This dependency makes the
region more exposed to the China potential grovaWwdown, which affects LA exports demand
levels and commodity prices. LA dependency fromn@hiequires improving infrastructure and
education, increasing labour market flexibility agréater competition in domestic markets to
guarantee a sustainable and competitive growtheofdgion. Thus, the outlook remains relatively
positive, but is exposed to global uncertainty aolatility.

4.3. Energy

Global economy, industry, transportation netwohajseholds and ultimately the well-being of the
majority of world population are clearly dependepon energy. Energy is a basic demand in our
modern world, provided through global supply chdunsing ships, trains, ducts, trucks, or
electricity networks) that practically span the ldaeaching almost every place on Earth.

Energy consumption has almost doubled between 48@2010 from approximately 4,600 Mtoe
(Million tonnes of oil equivalent) in 1973 to ca680 Mtoe in 2010. In the OECD countries the
final energy consumption has increased in the daneefrom 2,800 Mtoe to 3,600 Mtoe - in 2010
around 42% of all the energy was consumed by th€@Eountries (IEA 2012)

The transportation sector is currently the secangelst sector in energy consumption (second only
to the industrial sector), responsible for consugrd6% of the world's energy production. The
global transport sector was consuming more than 608te oil in 2010, as most energy for
transportation is based on fossil fuels, and pagrty fossil oil (97.6%). Of all the energy thades
into transportation, road transport can accounafound 80%.
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Figure 51- Annual end energy use according to sectim 1000 tons of oil equivalent EU-27 (Eurostat 2012

Transport holds the largest share of energy ugsirope (see Figure 51) and the total energy
consumption is expected to grow the most in thesfrart sector, where demand is projected to
increase by 28% between 2005 and 2030, refledti@global economic growth and rising living
standards (IEA 2011).

4.3.1. Energy sources

In 2010 the main energy sources in the OECD caesmtarind globally were oil and natural gas.
Biofuels and waste made out 12.7% of the globatgnese, but only 4.9% of the OECD countries
(see Figure 52).
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Figure 52- Energy sources globally and in the OECD emtries in 2010 (IEA 2012)
(Other: solar, wind, geothermal, Electricity: nuclea, water, thermal and fossil)

In the OECD countries oil had a share of 48% in®&dd natural gas 20%. Globally the
corresponding numbers were 41% and 15% (IEA 20iB)assumed that the share of natural gas
as an energy source will be increasing in the &uturd the proportion of oil decreasing (UNEP
2012). Biofuels and waste as well as coal haveetagfpbal shares as energy sources compared
with the OECD countries, whereas the share of ebéigtas an energy source is larger in the OECD
countries (IEA 2012) .

The global share of renewable energy sources susblar, wind and geothermy has increased
from 1.6% in 1973 to 3.4% in 2010, but the shargilsminor. The share of electricity as an energy
source has increased with almost 10% and it aldades renewable sources such as hydro power
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and biomass. The use of biofuels and waste asegmetgce has had a rising trend as well (IEA
2012).

4.3.2. Liquid Oil World Consumption

Since transportation is almost solely dependenigond fossil oil, it would serve us well to observ
recent trends in liquid fossil oil prices.

The price of oil reached its highest value eve2008, mainly because of the demand of emerging
economies and developing countries for transporiaind transportation fuels. Even before 2008,
energy use for transportation in non-OECD couninesased by 4.1% and 6.4% in 2007 and
2008, but the economic crisis in 2008 put a hathogrowth and inhibited the sector's activity.

The economic recession, aided by high oil pricected the OECD countries profoundly, and has
caused a decline of 1.6% of energy use for tramafon by 2008, and a similar decline of 1.8% by
2009. Only in 2010 can we find signs of recovesyggidenced by a 0.7% growth.

Despite the overarching and dramatic consequeridbs economic crisis, it is expected that as the
economy recovers, developing nations will resuneg fhath of fast-paced growth and will raise
vast needs for transportation and transportatiefsfu'ransportation related energy demand in the
OECD states, however, is expected to grow morelgl@specially in light of the regulations and
policy measures that some OECD countries have mmgaded, which are supposed to improve
vehicles' fuel efficiency. This is the main reasioat OECD transportation energy use will only rise
by 0.3% a year according to the projection providgdhe (EIA 2011).

150
Il Non-OECD

142
136
129
Il oEcD 120
112

100 — 98

50 I

O T T T T T

2008 2015 2020 2025 2030 2035

Figure 53- World transportation delivered energy cmsumption between 2008-2035 [in quadrillion Btu] (EA 2011)

4.3.3. Unconventional Energy Resources

A few of the most promising unconventional energgaurces include oil sands, biofuels, extra-
heavy oil and coal liquefaction. According to paijens by EIA (2011) these resources are
expected to grow by an average of 4.6% each yadr2035, both in OPEC and non-OPEC
countries. These resources will attain special davithe prices of oil become too high for a
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sustained period of time, or should geopoliticatwmstances (wars, embargos, etc.) prevent the
transportation of oil from areas in conflict.

World production of unconventional liquid fuelsagpected to increase from nearly 4 million
barrels a day in 2008 to 13.1 million barrels a the®035, which should account for 12% of total
world liquid fuel supply. Of this amount, the lasgeomponent is expected to come from the
Canadian oil sands (4.8 million barrels a day), ahesser amount from U.S. and Brazilian biofuels
and Venezuelan extra-heavy oil. We will therefaekl more deeply into these energy resources
and their anticipated production in the future.
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Figure 54- Present (2008) and future (2035) of no®PEC liquid fuel production by region and country (left graph), and
unconventional liquid fuel production (right graph) (EIA 2011, 27)

Oil Sands

Oil sands are composed of sand and sandstonel@srtitixed with water and bitumen, which is a
highly dense and viscous form of petroleum. Thgdat bitumen deposits by far are found in
Canada (70.8% of the world's deposits). Howevas, éixtremely difficult to determine just how
much oil can be produced from these deposits, atithates vary widely. Published compilations
by OPEC, for example, exclude it entirely, while tinergy Resources Conservation Board
considers that Canada has approximately 172. dmibarrels of “established oil reserves” (WEC
2010).

While novel technologies enable the extraction @fithement of oil from oil sands, the exact

extent by which oil would be produced from oil saed massés still uncertain, especially seeing

as the production and refinement process releasemiah as 14% more greenhouse gas emissions
to the environment (Biello 2013). Should Canadafopfull production and refinement of the oll
from oil sands, it would become the largest sofwceinconventional liquid fuel by 2035.

Biofuels

Biofuels have the potential to replace some offtissil fuels. Biodiesel in particular is produced
from different kinds of sources (Singh and Singb20which include vegetable oil originally
produced for human dietary consumption (such assegd, soybean and sunflower oil), non-edible
vegetable oil (such as the one produced from dl§amad, et al. 2011)), waste or recycled oil and

D5.1 - Current transport demand and global transpgtook — FINAL - 28.06.2013 Paggof 152



RACE20500 — FP7 314753

SEVENTH FRAMEWORK
PROGRAMME

oil produced from animal waste (chicken fat, fish @tc). Currently, over 95% of biodiesel is
produced from edible oils. Since biodiesel can toelpced from all the above sources, it is a 'safer
alternative to the limited amount of fossil fudiat exist on the Earth today. In addition, biodiese
easily biodegradable, enjoys minimal toxicity axtiibits a significantly lesser amount of toxic
emissions, and can replace ordinary diesel fugiternal combustion engines (Cetinkaya, et al.
2005).

Biodiesel is currently in use in the USA, as wallnmany European countries. A recent study from
2006 examined the potential of 226 countries tater®iodiesel in an affordable and even
profitable manner. The results reveal an uppet imorldwide volume potential of 51 billion litres
from 119 countries, 47 billion of which could beoduced profitably even today (Johnston and
Holloway 2006) (according to factors that includeguction volume, estimated price, corruption in
the country, travel safety, and GDP). The fiveesahdicated as the top potential producers are
Malaysia, Indonesia, Argentina, the USA and Brdwilpwed by the Netherlands, Germany,
Philippines, Belgium, and Spain. A massive amotitiadiesel is being produced each day (more
than 400,000 barrels per day by 2011 (EIA 2013ih w4% being produced by the EU-27 states,
13% by Asia & Oceania (with Thailand being top proer in that category, standing at 10,000
barrels per day), and North, Central and South Agasitogether standing at 41% of world
production. The entire Middle East, in comparigmmoduced only 100 barrels in 2011 — an
extremely minor fraction of world production.

It is expected that acceptance of Kyoto protocal similar clean development strategies will lead
to more biodiesel production worldwide, and torgéa consumer market. According to (Atabani,
et al. (2012) the total bio-fuel demand in EU waach 30.3 million tons by 2028sisted by the

EU mandate that 10% of all liquid fuels consisbmifuels by 2020 (U.S.Congress 2007). Similar
programs and mandates exist in the US, CanadaChinad (Hertel, Tyner and Birur 2010).

While the prospects of biodiesel are promisingyatuld seem that this type of fuel will only reach
significant success if it won't compete with agltieral lands that are used to produce food for
human consumption. Its success also hinges upapritteeof conventional liquid fuel. In the case
oil price rises up steeply, EIA (2011) predictstt@2 million barrels of biofuel per day will be
produced worldwide, with 3.3 million barrels in tb&, 1.9 million in Brazil, and only 0.3 and 0.1
million barrels in China and India, respectivelfi§amount is cut by half in a different scenario,
under the assumption that conventional oil prick adtually go down instead of rising up.

Coal Liquefaction

Coal liquefaction processes are being used to pmtiquid fuels, using coal as substrate for the
chemical reactions involved. Usually the processlves conversion of coal into gas or liquid by
the utilization of certain solvents and cataly3tse reactions require specific high-pressure and
high-temperature surroundings, and thus can orgpérain dedicated plants.

Recent advances in coal liquefaction technologée® lenabled its production in developing
countries like China, which is anticipated to beedaitme main liquefied coal producer in 2035, with
production levels ranging between 0.2 million besrper day and 2.1 million barrels per day. In
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either case, China is expected to produce appragiynhalf the world total of liquefied coal in
2035, with only the US as a serious contendera.% million barrels per day) (EIA 2011).

Extra-Heavy Qil

Extra-heavy oil is the common name for differeney of highly viscous crude oils, much like the
ones produced from oil sands. The current largesirves of extra-heavy oil can be found near the
Orinoco river in Venezuela. It is estimated tha& Yenezuela reservoir contains around 270 billion
barrels of oil (EIA 2011).

Despite this fortune in oil, projects in the area suffering from poor maintenance and lack of
investment. As a result, the scenarios developddlAy2011) forecast that Venezuela will only be
able to produce 1.4, 1.6 or 3.6 million barrels giegy by 2035, in a baseline scenario, high oileric
scenario and low oil price scenario.

4.4 .Environment

World populations’ environmental awareness hasadlyea most relevant significance in the
definition of future transport strategies and pgebg as the world faces unprecedented pressures
from the natural environment.

4.4.1. Greenhouse gases and climate change

Climate change is a global phenomenon caused Bssixe greenhouse gas (GHG) emissions. It
has a negative impact on the environment, econardysaciety and leads to extreme weather
conditions and affects the land use negatively idgnn, et al. 2012). Besides indirect effects of
global warming the extreme weather conditions, ipi&tion and changing temperatures have
direct negative impacts and can cause damage dratigport infrastructures.

18
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OECD BRIICS RoW World
=2010 = 2050

Figure 55- Average, per capita GHG emissions [C{&Xonnes] (OECD 2011)

CO2 from energy and industry sectors is and wilitcwe being the dominating greenhouse gas
globally, followed by methan gas, nitrous oxided 8ooroform emissions (HFC, PFC). The share
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of BRIICS? countries of the emissions is the largest andlveiiome even more dominating by
2050 whereas the OECD countries cause the secayestahare of the global emissions (OECD
2011), as Figure 55 illustrates. The per capita Gt@ssions are however higher in the OECD
countries than in the BRIICS countries or in rdghe world (RoW), but the trend in the emerging
economies is going towards the OECD per capitasars (OECD 2011).

Currently the transport sector has the highest €@@sions’ growth of all sectors, being
responsible for 23% of energy-related CO2 emissiBgs2030 the emissions are expected to grow
with approximately 40% (EEA 2011b).

In the future, major CO2 emissions reductionsamsport can be achieved through more efficient
vehicles, a shift towards electricity and biofuasl progressive adoption of natural gas followed by
a transition to biogas. The shift from private metke public and active modes also supports the
targets for declining emissions.

The EU is aware of the negative impacts of the Gdtssions on the climate and has set goals for
a significant emissions’ reduction by 2050 (EC 20The goal for the reduction in the transport
sector is 60% compared with the 1990 levels andata reduction target for the energy sector is
80-100% (Zachmann, et al. 2012). To reach the temutargets a decreasing fossil fuel
consumption, drastic increase in the use of renmsas well as significant technical
improvements are needed. Clean energy and newpbdrischnologies alone won'’t be enough to
reach a zero emission society, but are necessarglér to keep the current service level with low
emissions (Zachmann, et al. 2012).

4.4.2. Air pollution

Transportation is one of the main sources for allugion globally. Air pollution has a negative
impact on the local air quality and human healtth @rcaused by the traditional fuel burning
engines (Vergragt and Brown 2007). The pollutiomanly in the form of particulate matter and
chemicals such as nitrogen compounds and is edlgexigroblem in metropolitan and urban areas
(UNEP 2012). The emissions of sulphur dioxides Haaen significantly reduced due to legislative
measures and technological changes (UNEP 2012).

Technical solutions such as unleaded petrol aralytat converters have reduced the per litre of
fuel air pollutions drastically, but as the glolbal ownership is prognosed to triple by 2030 aed th
occupancy rate of the vehicles is expected to éurtlecrease, the pollution savings are
compensated by this growing amount of private mpeorvehicles (Moriarty and Honnery 2008).
An efficient solution for tackling the local air fations would be the use of electric vehicles, but
they have other issues such as a demand for ereerts for the battery manufacturing and the
insufficient global production of carbon neutrad@ticity (Moriarty and Honnery 2008). Still this
would only solve the problem of air pollution lolyabut not in general. A reduced use of private
motorized vehicles through public and active maakewvell as attractive local destinations would be
the best way to reduce the transportation relat@dstons (Vergragt and Brown 2007).

27 BRIICS = Brazil, Russia, India, Indonesia and South Africa (OECD 2011)
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Additionally high capacity occupation of the puliiansport vehicles is important for sustainable
transportation.

4.4.3. Noise emissions

Traffic noise has become a significant issue iraaorreas worldwide. The international threshold
values for noise levels affecting housing areaglafimed by the World Health Organisation and
are aiming for reduced disturbance and negativitetects caused by loud noise (WHO 1999).
According to the WHO (1999). the guideline valuesing daytime for outdoors in settlement areas
are 50 dB for moderate annoyance and 55 dB fooseannoyance. 65dB is the threshold for
serious health impacts. During night time the lifaitsleep disturbance is 45 dB and the guidelines
for noise levels indoors are 35 dB daytime and B@&tnight (WHO 1999).

Noise emissions are major issues in Europe affgttaalth, sleep and concentration, traffic being
the most significant noise source. Around 20% efgghople are regularly exposed to road traffic
noise levels between 55 and 65 dB, which exceedleetommended threshold value for serious
disturbance (van Blokland und de Graaff 2012). %he population in Europe is exposed to
noise levels over 65 dB which can in the long teauase serious health problems (van Blokland
und de Graaff 2012). Besides health effects traffise is also economically relevant due to the
costs for the health care systems and possibleasiag real estate or rent values.

4.5.Infrastructure

The role of infrastructure as a driving force foollity and demand generation can be evaluated
from a threefold standpoint.

= The transport industry, as with other businessosgctelies on developed and well-functioning
infrastructures, both to access raw material anthi® shipping of final products, as well as for
the access of the workforce. Appropriate transpdrastructures are among the basic
requirement for the competitiveness of any econ¢sag Figure 56), as the World Economic
Forum underlines once is time to prepare its coitipetess annual report: “Extensive and
efficient infrastructure is critical for ensuriniget effective functioning of the economy, as it is
an important factor determining the location of mmmic activity and the kinds of activities or
sectors that can develop in a particular instavgsll-developed infrastructure reduces the
effect of distance between regions, integratingégonal markets and connect them at low
cost to markets in other countries and regionaduition, the quality and extensiveness of
infrastructure networks significantly impact economrowth and reduce income inequalities
and poverty in a variety of ways.” (WEF 2011b, 23);
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Figure 56- Infrastructure as competitiveness factoaccording to OECD (OECD 2012a, 53)

= |nfrastructure can unleash under-developed trahspquests in different modes. To give an
example, Cairns und Newson (2006) presented tHe@gnaf the growing supply of aviation
infrastructure to road building: “New roads areategl to accommodate increasing traffic
demand. As new road space becomes available,textfia is generated and [in the medium-
run] congestion worsens. There is a potentialderdame phenomenon to occur with air traffic,
whereby the demand for air travel grows in linehvgtowth in supply. A self-enforcing cycle is
hereby created, where developments outside ofvilai@n sector induce changes within it,
allowing for further changes in the outside sectqiSEA 2008, 37).

= Highly developed transport infrastructures catalysmand for devices and services required to
make those systems work. To give an example, trer@ints that the European and Chinese
massive investment in railway infrastructure, esghchigh speed trains, first support the
industry creating a huge demand of rolling stoamalling and control systems; secondly, this
entails a spill-over effect supporting the rail m&acturing market, developing the railway
industry’s high-tech contents, and eventually pigat in leading positions in the international
market (Worldwatch 2010).

There is a feedback loop between the relativelgigasdea of a derived transport demand and the
impact that the uses and construction of the tr@mgssets have on present and future economic
and social possibilities. Much of the developmerd aperation of the transport sector in the 20th
century was based on transport as response-ditgut recognizing the return part of the loop
(Thompson 2010, 7).

As Thompson, among others, wrote, it is a well-kn@&cret that infrastructures can also induce
mobility: once a new (or cheaper) transportatiostey is implemented, this can lead to new
demand which was previously not realized or evdrenwisioned. Speaking of urban traffic
(although any sort of transport field can be coaied in a similar way), Litman (2012) wrote:
“Traffic engineers often compare traffic to a fluaksuming that a certain volume must flow
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through the road system. But urban traffic may lbeencomparable to a gas that expands to fill
available space. Road improvements that reduceltcasts attract trips from other routes, times
and modes, and encourage longer and more freqaeet't

Thus, infrastructure is not a silent onlooker bunlorder to cope with given volumes of traffict— i
is actuallyg.e.d a driving force for mobility and demand generator

4.6. Tourism

Tourism has always been an important feature aégoas well as of the economy, with
considerable impact on the transport industry. Bfynition, tourism is intrinsically linked to the
transport realm, and transport facilities influetmerism flows. Naturally, the impact can be the
reverse, where touristic demand can distress émsport volumes and industry.

Transport facilities have a dominant role in thertem industry, not just in terms of ability to put
people in movement, but also in terms of customexperience and satisfaction. Bad management
of tourism mobility can affect the whole tourisndustry, and harm its development. On the
contrary, flourishing tourism can facilitate ecoriemof scale in the transport industry and
guarantee its expansion. We should add that, isergly often the travel experience itself, e.g.
without any particular destination, is becomingkevant part of the tourism industry: a cruise
holiday or a four-day tour on a historical trairaisouristic attractioper se

A better synchronization of tourism and other irtdakbranches is taking its first steps in Europe.
The EU Lisbon treaty addressed the issues of cotivpeess, cooperation and integrated policies
for tourism. The EU Madrid 2010 meeting on tourisomsidered the above points, recommending
development of the concept of “sustainable, resptmand high-quality tourism” within the EU, as
well as the consolidation of the “image and profifdeurope as a collection of sustainable and
high-quality destinations” (EC 2010a, 12).

The need for more stringent cooperation betweensimuand other sectors is claimed as necessary
by stakeholders, European (EC 2010a) and intemaltegencies (OECD 2012b), while complaints
about siloed approaches to the tourist industrehmen addressed (WEF 2011a). In this regard,
transport seems to be the main target for suchdauation, also considering that “in 2010,
approximately 33% of all recorded complaints byrigts were in the area of transport and, of these,
57% concerned air passenger rights.” (RPA 2012, 34)

While the political agenda is strongly aware of tleed for better cooperation between tourism and
other sectors, there is little evidence of actidegoted to this task. Just for example, although th
relevance of sustainable tourism is gaining monrantften there are no perceivable indications of
actions taken to meet this market request withstéaguable transport system, constraining a
promising market for both the fields (WEF 2011a).
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Current trends

According to the World Tourism Organization, in 20there were 1.2 billion international arrivals
(including intra-EU). “An analysis of the latestaalable data to 2010 shows that in OECD member
countries, tourism directly contributes, on averag2% of GDP and 5.4% of employment”. For

EU countries, those numbers rise to 4.4% for thé>@Dd 5.7% for employment (OECD 2012b).
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Figure 57- International tourism by purpose of vist: historical trends and expectation for 2030 (UNWD 2011, 29)

Europe has a lion’s shareiofernational arrivals totalling a noteworthy 200 million international
arrivals in 1980, reaching about 500 million in QQUNWTO 2011). Of those 500 million, about
65% were arrivals from other EU-27 countries, 2%86f non-EU European countries, and 10%
from outside of Europe (see Figure 57 and Figu)®’58he Schengen agreement hugely simplified
visa and passport requirements for all EU countea®othing tourist flows (UNWTO 2000).
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Figure 58- Inbound tourism: historical trends and epectation for 2030 (UNWTO 2011, 13)

European variety and charm have an indubitableappieen it is time to choose a holiday.
However, the share of total international arrival&urope gradually declined from 64% in 1980 to
51% in 2010. So, despite its growth, the EU towsttor is growing less than other tourist markets,

28 Naturally, once we consider international arrivals towards EU-27 countries generated from EU-27 countries themselves,
the above figure changes dramatically. In such a situation, when intra EU-27 international arrivals are counted as “domestic”,
Europe as UE-27 should total about the 28% of international arrivals in 2010, compared to 22% of Asia & Pacific, and roughly
16% of the Americas (UNWTO 2011, 16).
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and it presents considerable differences amorgpiiatries (France, Spain and Italy here have an
unrivalled role).

Both long term patterns and new trends can be wbdem tourism related demand for transport.
The largest part of EU tourism travel is most k&l be made by car, which represents more than
70% of total tourist movements (ECT-CET). The rolenotor-vehicles is therefore still dominant
in this sector, as in the past decades. Natulyransport is the main mode for international an
intra EU-27 tourism which normally involves mediamd long distance journeys. The appearance
of low cost airlines has altered the market ofarfU tourism, opening new markets and new
extended seasons for tourism (ECORYS 2009).

The coach sector, which had its heyday in the ptessdecades, is under attack, but it is also
experiencing a new array of offers and a secondhyaithin national and intra-EU markets.
Incidentally, this testifies to a growing demand rieedium and long distance mobility. The demand
for rail transport in the tourism arena is weakeamt decades ago, although there are expectations
for the role of high-speed trains. In some partEwfope — especially in Eastern Europe - the
“ordinary” train system has been claimed as inadé&jto cope with the demand. The cruise
industry is booming, to the point where a main lgmage, inside and outside the EU, is a shortage of
equipped ports for docking.

4.7. Safety

In this chapter we concentrate on road safety, visi¢he most problematic part in transport safety
as most fatalities occur in road accidents.
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Figure 59- Road fatalities in the EU since 2001 ardkcrease target till 2020 (EC 2010b)

In 2011, more than 35,000 people died on the roatisee European Union, i.e. the and at least
1,500,000 were injured. The cost for society ishapproximately 130 billion € in 2009. Hence,
the strong demand of increased safety stems frowusesocietal as well as economic concerns.
Road safety is currently the most serious conaetransportation, as air, sea and even rail
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transportation systems are much safer. In faatgbrg the road transportation to similar safety
levels to the other transportation systems would geeat achievement.

The EC defined several important policy objectiwgth regards to road safety for the period 2011
—2020: Improved education, increased enforcemienttaal rules (including vehicle technologies to
assist enforcement), safer road infrastructurder sehicles, promoting the use of modern
technology for safety and protecting vulnerabledrasers. The EC document points out that
reducing the environmental impact (defined as anajority by the EC), may lead to
characteristics radically different from traditionahicles, with likely impacts on safety, and
therefore a coordinated approach is essentialg@ifssant contribution to road safety is expected
from cooperative systems which enable vehiclesateract with the infrastructure and other
surrounding vehicles (EC 2010c).

According to an R&D technology roadmap for futuoad vehicles published by the European
Thematic Network FURORE (2009) several novel tetbgies will enable enhanced active safety
in road vehicles by 2020, such as image enhancefmighit vision), image recognition, vehicle-
vehicle warning systems, and break/steer-by-wineré&fore in the short term research and
development needs include (among others) betteclaaaper sensor/actuator technologies, as well
as methods and protocols for information networkang for human-machine interfaces. For the
medium term research needs include the introdudi@iffordable partially-autonomous vehicles
with a high degree of on-board intelligence. Inlivey term the demand will be a transition to
fully-autonomousehicles (see below).

Responding to the EU strategy for an Innovationddnirhe European Road Transport Research
Advisory Council (ERTRAC) created several reseancti innovation roadmaps, including a road
safety roadmap. ERTRAC's "Safe Road Transport"magucovers all enabling research activities
needed to improve road safety, considering theclehthe infrastructure and the behaviour of road
users. All types of safety (cooperative-preventietive, passive and post-crash) have been
considered. The ambitious goal defined by ERTRAG @@ reduction of fatalities and severe
injuries by year 2030 compared to 2010.

ERTRAC identified several critical enablers forigafety, such as the integration of human
factors in road infrastructure engineering ("sedplaining and forgiving roads"), advanced driver
support and automated driving systems utilizingaaded cooperative/V2X systems, intelligent
vehicle dynamics, and integrated passive/activetganeans, to name a few (ERTRAC 2013).

Substantial reduction of accidents would strondlgc the demand, not only because of better
personal safety of users but also due to impolianéfits to traffic reliability, since accidentgar
one of the main causes of traffic abnormalities emnpestions.

The following figure presents the roadmap for iased safety of vulnerable road users (VRUS)
from the R&D phase till market introduction, as saged by ERTRAC.
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Figure 60- Roadmap for safety of vulnerable road wers (VRUS) until 2030 (ERTRAC 2011)

Environmental and energy considerations drive #graahd for the introduction of new electric
vehicles and new, smaller and lighter vehicles.s€hgill have important impacts on safety. On one
hand these vehicles will require new safety comattens, but on the other hand they will also offer
new opportunities, for example using the availddigh electric power to control the traction torque
at each wheel, or the replacement of mechanicétisshya electric power transmission (ERTRAC
2011).

Present crashworthiness requirements set limitgetght reductions, so the challenge will be how
to achieve environmental friendliness (e.g by wergduction and alternatives to internal
combustion engines) together with high level oesafOne potential solution can be offered by
advanced strong and lightweight materials (witthhsgrength to density ratio), such as nano
composites. Another direction is increasing salgtynore automated driving, which in turn could
ease the weight-demanding crashworthiness requirsnrethe future.

The following figure presents the ERRAC roadmapskafety of new vehicles, from the R&D phase
till market introduction.
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Figure 61- Roadmap for safety of new vehicles unt2030 (ERTRAC 2011)

Since the vast majority of road accidents are chbyehuman errors, increasing safety means
introducing advanced driver support systems, legathrmore automated functions (e.g automatic
steering and/or braking), and ultimately to fullf@nomous driving. So far the market penetration
of available advanced driver support systems has kether slow, mainly because of high costs.

Even before fully autonomous "driverless cars"heiglevel of automated driving will require new
regulatory frameworks. Technology enablers foryfalitomated driving already exist, but there is a
need for more reliable and extended environmerdgp#ion and situation understanding. ERTRAC
estimates that within the time-frame of its preseatimap, full automation will be limited to
specific contexts (e.g., platooning or dedicaterk$) where the main role of the driver will be
monitoring. A key issue in the near term is harglliransitions between automatic and manual
control modes.

The demand for improved road safety has urged Bié&lational Highway Traffic Safety
Administration (NHTSA) to focus attention on selxing vehicles, ultimately aiming at not just
"driverless cars" but “crash-less” cars. KPMG peintit that historically vehicle safety has focused
on crash-worthiness, but in the future "self-drgvorash-less vehicles" could be much lighter and
their cabins could be redesigned to support ais/ither than driving and crash survival — with
profound implications for the car manufacturers fC2012).

The following figure exhibits the ERRAC roadmap &atvanced driver support systems, till 2030.
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Figure 62- Roadmap for Advanced Driver Support Systms until 2030 (ERTRAC 2011)
4.8.Security

Transport systems that operate effectively andiefitly are a key driving force supporting
economic well-being and growth. However, the effecbperation of transport systems depend
among others on the level of security which arevioled to users.

Security is a broad concept. The Merriam Websténemlictionary defines security as: "The
quality or state of being secure:adreedom from dangesafety,b: freedom from fear or anxiety,
c: freedom from the prospect of being laid off (gdurity” (Merriam Webster 2013).

In the European Commission staff working documenTansport Security we find the following
definition of security:

"Security in a transport context seeks to prevets af unlawful interference against passengers,
freight or the transport infrastructure. Securhguld give users confidence that they can use
transport. Transport — and thus transport secutigs also an important international dimension: in
order to ensure security within the EU it may beassary for transport security to be performed
outside the EU before a journey to the EU commeh¢ES 2012d).

The role of security in transportation is probleimarhe same EC working document also states
that "For much of the transport sector securityasa positive selling feature that attracts cusiem
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or passengers. Consequently, security can be getcby some transport operators to be a negative
cost, or even something that is not their respditgibo provide, taking into account that the netu
and effectiveness of investments in security iBatift to measure.”

The September 11 2001 attack on the world trade centre in New Yoity was a colossal event
that changed transport security dramatically. Eieggi Bush signed a new law called Aviation and
Transportation Security Act (ASTA) two months lat€he US Transportation Security
Administration (TSA) was formed as a result, andesal important changes were introduced in the
civil aviation security procedures. These changekide the federalisation of passenger security
screening and the requirement to begin screenimpatked baggage.

The implementation of new security procedures restthe confidence of passengers but their
impact on the demand for transportation was unckassengers did have more confidence in the
aviation system, but they now have to suffer lorigers and increased discomfort. One study found
that as a result of the new baggage screening guoee passenger's volume was reduced by 6% in
all flights in the USA after the 9/11 event (Blakp&adiyali and Simon 2007).

The perception of safety and security is a veryartgnt factor in travellers' decisions to visit
certain places. Undesirable incidents, such asrtattacks, will have a negative impact on
passenger's actions. Such incidents may changeetbeived travel risks (Mansfeld 2006). Risk
perceptions of travellers may also be affecteddwysand word-of —mouth information regarding
terrorism and other security issues.

It appears that the impact of security on the usdgensportation systems is somewhat complex.
Several issues are involved, such as the generattiask perceptions by passengers, perceptions
that may be affected by the risks involved in usafgibe transport mode itself, as well as the
perceived risk pertaining to the destination ofttlagel.

Another determinant of transportation demand isstwurity regulation. We saw eatrlier that the
new regulation in the USA following the 9/11 attaxdused a certain reduction in passengers
volume of 6% after the new regulation took effédthough transport security is a necessity heavy
security regulation may cause a certain decreaeinverall demand for transport in a specific
mode such as air travel. A certain portion of pagees may switch from one mode of
transportation to another.

In the roadmap to a Single European Transport wtate paper (EC 2011) secure transport is
specifically mentioned. In this paper there is apkasis on the need for common approach and a
single set of rules in the EU that are essentiahigh level security, also called "One Stop
Security". The paper calls for improved screenirgihads respecting human rights and developing
a "Check point of the future”. The term "End-to-&edcurity, which is mentioned in the paper,
relates to increasing the level of security witthia supply chain without interfering with the free
flow of trade. According to the authors, the effettOne Stop Security” in terms of eliminating
redundant standards and procedures is a majoeaalded’ of European security policy.

Regarding air cargo, the Commission intends togoiomward legislative means in relation to cargo
originating from outside the EU, following a risksed approach and requiring improved data
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quality of advance information about shipments.hW¥égards to the security of land transport, the
Commission has developed an EU Chemical, BiologRadioactivity and Nuclear (CBRN) Action
Plan123, which introduces an all-hazard approackdace the threat of and damage from CBRN
incidents, including acts of terrorism.

An important relatively new security issue is emsgithat transport is resilient to cyber-attacks.
Transport is particularly dependent on computerinathagement systems, and therefore is
vulnerable to cyber-attacks. Moreover, incorporat new information and communication
technologies in vehicles and their growing conngigtialso pose new threats and vulnerabilities.

This issue is briefly addressed in the EC staffkivay document on Transport Security (EC 2012d).
The authors of this document warn that, for exampith the eventual deployment of e-freight or
e-maritime systems a cyber-attack could close dowenor several maritime or air ports for days
with a substantial damage to the economy.

The US Department of Transportation (DoT) regangs@yber threats as a major risk in
transportation, mainly because of the increasimpddence on information systems and networks.
According to the DoT, there is a need for culturegystem of cyber security, similar to the existing
culture of like fire safety (Dinning 2011).
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5. Geopolitical Issues

Socio-economic and political developments whichegitalready have occurred or are expected to
occur in extra-European markets where the Europraasport industry has established or may
establish its business presence (through manufagtand assembling operations, market service
and sourcing activities, etc.) are of vital impaxa to assess how these happenings may affect
demand for the products and services as compaitbe tocal and foreign competitors, and the
overall growth potential for the next 40 years.

Geopolitical developments impose constraints, esaptatalysts and external shocks, whose direct
and indirect impacts may affect the sustainabdityhe European transport industry’s
competitiveness in the medium-and-long-terms, asdlevents shape and re-mould consumption
structures and business environments in the presehprospective extra-European markets,
affecting demand for transport equipment and senticensing, know-how, franchising and in-and
off-shoring of manufacturing, raw materials, eneagygl component production.

In addition to evolution in technology developmenmidan and industrial growth which are prime
drivers of transport demand, a recent World Baskisly identified several factors which
concurrently or in concert with other parametery méluence transport demand and,
consequently, transport growth:

= Population growth at the different emerging andaligwed continents, and particularly,
demographics of working age groups, urbanisatiealth conditions, and education,
households’ incomes and purchasing power, soclaegsgparticularly those related to eco-
sustainability), family structures and female papttion in labour markets;

= Projections on shares of industrial manufacturmgmerging nations GDP versus other sectors
(services);

= Qutlook for democratic geo-political developmermtisg adoption of higher social and
environmental standards by emerging countries’ lamgregulations related to environment
and domestic industries);

= Preponderance of multilateral and bilateral agregmand memberships in global organisations
(such as WTO) and other trading pacts reducingsaafshternational trade and distribution;

= Projections on growth dynamics in bilateral tragén®en Euro-North America and Euro-Latin
America, Euro-Mena countries and Euro-Asia tradiaso in multilateral south-south, north-
north and south-north exchange flows.

Although not mentioned by the World Bank’s studhg tole of eco-sustainability of industrial
and/or business activities must also be consideeeduse industry’s socio-environmental
responsibility for products and services is inciagly required from both the European and the
global market players.

Complementing the above, WEF (2012) has speciBiedral auxiliary parameters whose impacts
may affect demand for foreign direct investmen®BIjin infrastructure, assembling and
production facilities and manufacturing of parsmponents, sub-systems and/ or entire modules:

= Easiness of access to domestic and internationlatsa

D5.1 - Current transport demand and global transpgtook — FINAL - 28.06.2013 Pafeof 152



RACE20500 — FP7 314753

SEVENTH FRAMEWORK
PROGRAMME

Efficiency of customs administration;

Transparency of border administration;

Availability of high quality transport and logisticervices;
Availability of high-standard ICT;

Physical security.

These developments will affect consumer numbersahdviours in the emerging and developed
economies, and particularly:

Rise in middle class over the next two decadegwekbping world, and evolution in demand
structure driven by needs for mobility, accesdp@ind social cohesion;

Changes in consumer preferences towards greendugisoand services and more
environmentally responsible methods of producticansportation, distribution and supply, and
an overall more ecologically sustainable lifestiythel expenditure patterns;

New opportunities that the above trends may geadoathe European transport industry, and
needs to incorporate these developments in ther&estvestments, manufacturing, marketing
and branding strategies;

Growth in demand for energy and emergence of n@plgrs of gas, oil and agro-products and
these parties’ impacts on global availability af4aind-fossil fuels over the next 40 years;

Also relevant are the impacts that transformatibthe emerging countries’ political systems may
have on global economic developments and businmespgcts for the European transport industry,
namely:

Expectations of geo-political upheavals in Afritéiddle East, China and Russia that may
affect availability of energy and other strategisaurces but also unlock new growth
opportunities;

How these developments may create new disequildimiibacrises which together may tilt the
current geo-political balance and affect economispects for European transport industry;
Evolution in major developing economies’ (Chinaat, Mexico, South Africa and Russia)
manufacturing skills, exports, technologic and caereial innovations, consumer expenditures
and business sophistication, and how these elementsaffect these countries’ FDIs, and
through this, the competitiveness of European parisndustry in foreign settings.

5.1.Trade and International Division of Labour

5.1.1. Political and Administrative Trade Barriers

The quality of administrative management may bothede and facilitate the international trade
and demand for rolling stock, sea-going vesselsnaotbrised vehicles in addition to passenger and
goods transfer. The EC (2001) highlights severaliaistrative and regulatory barriers that still

stifle trade and volumes of international exchariygies, tariffs, taxes and other administrative
hurdles increase production costs and reduce s@fftiency. Therefore, the cross-border
collaboration and international trade agreemergshaeded to reduce the exchange barriers and
make the international business less costly. Thaggrances are usually connected to protectionism
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which basically is a political problem, whose ogeunce and intensity tend to increase during the
periods of economic downturns.

However, according to the recent WTO's official anncemerif, a trade world today is imbued by
other hurdles than tariff-barriers. Proliferatidngeographically disaggregated production systems
and global value—chains caused by that more and iteans are processed at multiple locations,
and thus could be called “Made in the World”. Witle same products manufactured across the
globe, the national tariffs and customs increagimghke no sense. Under these circumstances, a
tariff on an import is a bullet fired by a countayits own export of products, services and/or
intermediary components. This explains a wide-gpegonomous and volitional tariff reduction
by many national governments.

Instead, regulatory discrepancies on safety, qustindards, and environmental and human health
consequences become more preponderant and canstitieh larger principal challenges for
international and global industrial suppliers. Alddferences in standards, in technical regulajon
in certification procedures, in service legislationprudential rules and many others can have
major impacts on export sales of individual comparand entire industries.

As regulations of transport safety, taxation lewald infrastructure investments are nationally
determined, they pose considerable challengeossdyorder exchanges and off-shoring of
manufacturing and sourcing operations. Therefaermational agreements and multilateral accords
became increasingly important for dealing with ol regulatory discrepancies. Again, the Asian
countries have been very efficient at creatingterl and multilateral Free Trade Agreements
(FTA). Since developments of supply chains and pecodn networks in Asia has been driven by
businesses, the key driver of regional intra-Asagration through the FTSs was to reduce the
cost of trading through improved quantity and dyadf infrastructure, logistics and institutions
which together underpin the competitiveness. Affsaare generally not a significant barrier
anymore, at least for the large global traderseragreements have increasingly focused on non-
tariff trade facilitation, both at and behind nat borders but also across the entire Asia ana wit
important commercial partners from other continents

Access to international markets is contingent aviwdion in international division of labour which
again is connected to economic growth and demantilaiosfer of people, goods and capital. Thus,
a broader and deeper division of labour may prodheaper and more competitive products,
prosperity and higher living standards. It mayegate new types of comparative advantage, but
also re-shape the existing trade patterns anddiabexchanges. Liberalisation of trade and
services generate new demand for transport, ardtafits structure and investment needs. The
WTO publication of data series on global trade etroh from 1948 to 2010 indicates that Europe is
the largest world trade operator, but with clearlible declining trend. Europe’s share in the \orl
goods trade reached 37.8% in 2010 against Asia&@Whose participation took a steep upturn
from 20% in 1993. The share of the US has cleagblided to 13.2% after reaching 18% peak in

29 Derived from the speech that Pascal Lamy, the chairman of WTO has delivered during the international conference on “The
Future of the World Trading System: Asian Perspectives” held in Geneva on March 11th and 12th 2013.
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1993. Russia was not included in this calculatidonwever, the previous WTO assessments
estimated Russia’s share at roughly 5%.

Although the WTQO'’s estimates that the volumes ofldvanerchandise export would in 2011
increase by 5.8% while the overall GDP by 2.5%,btdmaterialise for Europe, still the
developing countries’ export shipments rose by 8viddite GDP by 5.9%. Thus, according to WTO
calculations, commercial integration between thenimers of OECD and the extra-European
countries happens through much stronger exporttyrguarticularly from Asian nations to Europe,
increasing thereby the Asia’s position in worldiga

Thus, Asia is a living example of how trade cantabate to economic development. Trade share
in Asia’ GDP has grown more than four times, fro&¥dlin 1960 to 70% in 2007. An Asian
Development Bank study (ADB 2011) suggests tha@B0, Asia can account for more than a half
of global GDP, trade and investment, and enjoy spdead affluence, with its per capita income
rising six-fold and reaching the global averageilsinmo the current European levels.

As a consequence, the emerging Asian countries thakevoices heard at international forums
such as the World Trade Organisation and UnitedoNat They no longer wish to be
“quote/unquote” takers of the WTO rulebook, bubaisakers of global collaboration rules.
Emergence of BRICS countries as large contributbgdobal economic exchange and trade
cooperation in the twenty first century becameradimental feature of the new geopolitical reality.
This was essentially the reason for formation d&@group of countries which are big participants
in global economic activity and thus became powestiapers of economic governance structures
(Lamy 2013).

The current European recession has sharply dedréasérade between the European Community
and the rest of the world. As the economic outlfmskhe EU remains quite uncertain, the
prolongation of the current economic woes may @psfthe trade links between the old and the
new partners even further, and by so doing, alsdlitection and the content of global commerce,
including the middle-and-long-terms exchangesarigport equipment and service.

The report from the WTO shows that this exactlgasurring manifested by the growth of the so
called south-south trade. In 2010, the south-tdksexports made up 23% of the world trade as
compared to just 13% in 2000. This evolution inthsahat developing countries constitute now the
largest market for other developing countries wsibime key export/import players coming from
China, South Korea, but also UAE, Turkey, Iraq arahy others. In fact, whereas 60% of the
world trade in 2010 was north-north, only a thedikely to remain that in time ahead. Projections
say that the share of north-south and south-soudhamges in global trade will rise to one third for
each of them. Although the above trend is quiteaggq, still the contribution of different
developing regions to the South-South trade islpigkewed. Asian countries make up more than
80% of this trade segment, while the shares ofcAfand Latin America remain just 6% and 10%,
respectively.

Another and quite interesting aspect of the soaotitfsand south-north trade concerns the foreign
direct investments and external exchanges betwseBRICS countries which are rather small.
Despite the political rhetoric around the BRICStparship, the alliance faces serious challenges
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about whether its members have enough in commamtiion effectively as a counterweight to
the West. This could be due to widely divergentnecoies, disparate political foreign policy aims
and different political systems. India, Brazil &aduth Africa have strong democratic traditions,
while Russia and China are autocratic. According teport released on March™?£2013

(UNCTAD 2013) by the United Nations Conference oade and Development (UNCTAD), the
BRICS countries hardly invest in one another ragireferring their neighbours and the developed
world’s major economies for outgoing capital plaeers.

Just 2.5% of foreign investments by BRICS countgess to other BRICS partners, the report said,
while more than 40% of their foreign direct investits goes to the US, the EU and Japan. Africa,
home to the world’ fastest-growing economies, diesg than 5% of total investments from BRICS
nations. France and the United States still hagdithest rates of foreign direct investments in
Africa. Despite China’s reputation for heavy invasnt in Africa Malaysia has actually invested

US Dollar 2 billion more in Africa than China did.

China is in many ways a major competitor of it$of&@l BRICS member, South Africa. South
African manufacturers, retail chains, cell phonevise providers, mining operations and tourism
companies have bet heavily on African economic ginpand in some ways go head-to-head
against Chinese companies at the continent (UNCZBLS).

ERICS shase In global inward stock Share of oubward FDil etock fom BRICS to BRICS

Figure 63- Share of Intra-BRICS FDI Stock in Globa FDI stock, 2011 (%) Source: UNCTAD FDI/TNC databag

Asia’s rapid economic growth owes much to the dgwelent of supply webs and production
networks, often known as “Factory Asia”. A 201 1Injostudy by the WTO and IDE-JETRO
highlighted a degree of complementarity among As@mtries, which are both a cause and a
consequence of deepened economic intra-Asia irgerdiency. This is reflected in an increasing
share of intra-regional trade, growing from abdd#2in 1960 to over 50% of Asia merchandise
trade in 2011. This success owes much to senireesgding transport, communications and a
broad business offerings apparatus which becamed®@ponents of supply chains’ efficiency. The
same could be said about relatively low tariffSmfustrial products and little escalation in taiff
structure. European FDIs have also played a bagiméxpansion of trade in ready-made and
intermediate goods in Asia.

Today, nearly 60% of the volume of world merchaedrade is in components and intermediate
goods. In Asia the figure is closed to two-thirflee period of increased inter-regional trade has
mirrored an expansion of Asia’s in world merchaediade, growing from around 13% in 1960 to
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over 30% in 2011. In other words, the Asia’s regidnade integration provided backbone for its
production networks and efficient transfer websalilgontributed to emergence of global value-
added chains.

5.1.2. Global Trade and Global Value Chains

The above brings to the fore new models for orgatiton of global manufacturing and logistics
channels. In addition to large Asian players whmihate trade direction and multinational supply
channels, new trends in how goods and servicegradeiced and exchanged cause that both
western governments and business people neede@ taétice and align their policies and
strategies with the increasing ubiquitous “Madéhi@ World” tendency.

The term “Made in the World” means that increasingbuntries are trading intermediaries, not
final product&’. This implies that the concept “Made in CountryB&comes obsolete. The old
mercantilist phrase that exports are good but itspere bad for a given country’s economy
becomes irrelevant when one looks at the worldetsadtistics indicating that in 2013 almost 60%
of trade in goods consists of intermediaries, &edaverage import content of exports is around
40%. As a consequence, future innovation and tdoggalevelopments will increasingly have
owners in several countries.

The proliferation of “Made in the World” techniquesuld also have some surprising
consequences:

=  They will not allow that generation and containmehinnovative knowledge or technical
breakthroughs is preserved within one national strguor country,

= Protection of intellectual property rights may bermchallenging for a group of international
inventors working together on several technology@andevelopment projects and,

= Training and retaining people capable of joint kAwow creation, diffusion of new discoveries
and turning knowledge advancement into new busiapgkcations will be more difficult for
European businesses and governments.

The growth in Non-Tariff-Measures (NTMs) over threesspdecade spurted greater regulatory
convergence that is taking precedence over thstgld-protectionist safeguards. The 2012 edition
of the World Trade Report (WTO 2012b), has examihedevolving landscape of Non-Tariff-
Measures. One of the most important findings wasttie nature of Non-Tariff-Measures has
evolved. The traditional protectionism-motivatestas and other trade rationalisation instruments
have increasingly given way to precaution-oriergatgphasis on health, safety, environment quality
and how the technical and operational parameteysaffiect social welfare or induce harm. The
above marks a considerable shift in regulatory $oduariffs protect producers, while Non-Tariffs
Measures invariably protect customers and consurAérough these considerations are entirely

30 According to 2012 World Trade Report (p.23), the top merchandise exporters in 2011 were China (valued in USS 1.90
trillion, or 10.4% of world exports) the United States (USS 1.48 trillion, 8.1%), Germany (USS 1.47 trillion, 8.1%), Japan
(USS823 billion, 4.5%), and Netherlands (USS 600 billion, 3.6%).

The leading importers were the United States (USS2.27 trillion, 12.3 of world imports), China 1.74 trillion, 9.5%), Germany
(USS1.2 trillion, 6.8%), Japan USS 854 billion, 4.6%), and France (USS 7.15 billion, 4%).
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legitimate, still the nature of the measures usgulirsue public policy objectives, and the way how
these are enforced can, however, induce quite vgsfifects on trade, in both positive and negative
sense.

As already demonstrated by some national goverrsnéré public good concerns could be used as
a proxy for obstructing trade in certain goods sexvices or for shut out certain products from
national markets out of desire for political or Bomic concessions.

Another instrument that transforms the global tradeé demand for internationally produced wares,
items, and services are the preferential tradecageats (PTAS). Although PTAs have already been
used for quite some time in bilateral negotiaticstsl, their role in opening the national markets f
toll-free exchanges and customs unions on a (quidjpo) reciprocity basis is growing. By so
doing it also increases the shares of imported &nd intermittent wares and services for many
countries’ demand fulfilment.

5.1.3. Multilateral Liberalization of World Trade

The proliferation of FTAs and bilateral liberaligat originated from domestic reforms making it
easier for goods and services to be bought andaesotss national borders. Establishment of
customs free zones and tariff-free trilateral agrests put foundation for development of regional
trade. According to WTO calculations, around 65%hef global trade liberalization between 1983
and 2003 happened through unilateral cutting ofoirrpxport taxes and customs duties (tariffs).
After 2004, these agreements paved the road towaods comprehensive multilateral accords.

Unilateralism prompted efforts to consolidate thiea-continental and intra-regional FTAs into
broader regional pacts, such as the Regional Cdrapseve Economic Partnership (RCEP) taking
shape between the ASEANand the six additional countries. Since the ldtteolves much

broader collaboration than just free trade in gaats services, it also marks out a new course
towards much broader multilateral trade pracfiche recent drive towards multilateralism is
particularly supported by Asian countries wheréeriberalization is considered as catalyst

31 ASEAN stands for Association of Southeastern Asian Nations and is a geo-political and economic organization of ten Asian
countries located in Southeastern Asia which was formed in 1967 by Indonesia, Malaysia, the Philippines, Singapore and
Thailand. Since then the membership has expanded to include Brunei, Burma (Myanmar), Cambodia, Laos, and Vietnam. In
2007 ASEN celebrated 30 years of diplomatic relationships with the US and stated its aim to complete its free trade
agreement with China, Japan, South Korea, India, Australia and New Zealand by 2013, in line with the establishment of the
ASEAN Economic Community through Regional Comprehensive Economic Partnership by 2015.

32 At the turn of 21st century, the ASEAN collaboration was extended to regional protection of natural environment. The ASEA
members started to discuss environmental agreements which materialized in signing of the ASEA Agreement on Trans-
boundary Haze Pollution in 2002 as an attempt to reduce haze pollution in Southeast Asia. Unfortunately it was unsuccessful
due to the outbreak in 2005 of Malaysian haze and in the 2006 of Southeast Asia Haze. Other environmental treaties that
ASEAN concluded included the Cebu Declaration on East Asian Energy Security and the ASEAN wildlife Enforcement Network
in 2005, the Asia-Pacific Partnership on Clean Development and Climate, both of which are responses to the potential effect of
climate change. Through the Bali Concord Il in 2003 ASEAN has subscribed to the notion of democratic peace, which means
that all member countries believe that democratization process will contribute to regional pace. Also non-democratic
members have agreed that peace through democratization was a goal that all members should aspire to.
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enhancing Asia’s participation in global economicleange, and reinforcing Asia’s “Made in the
World” value-creation.

First, the idea of “open regionalism” originatedfie Asia-Pacific Economic Cooperation’s
(APEC) context in 1996, as an option to extendoieefits of ASEAN FTAs accords to non-
members on a non-discriminatory basis. Secondntgjerity of Asian FTAs, including the RCEP
members, constitute inter-regional agreements, whittreached to members located in the other
parts of Pacific Ocean, but also in Europe. By singlithey extended the number of international
forums such Asia-Pacific European Cooperation (AP&®@ the Asia-Europe Meeting (ASEW)

The spreading pattern of multilateralism is esgcmonounced in the light of the recent
announcement about starting negotiations relatstritong free trade treaty between the EU and
the US, between Japan and the EU, and also byeh&ership expansion in the Trans-Pacific
Partnership, a free trade deal to be stroke betteeldS and ten other Asian and Latin American
countries.

The Doha Round Trade Talks

The Doha Development Agenda is the latest cycleegbtiations under the umbrella of the World
Trade Organisation, the Geneva-based arbiter dlagloade. Its aim is to cut the import taxes
(tariffs) on everything from wheat to cars and &= traded among its 155 membéri also

means restricting use of subsidies for farmersfsh@érmen; lowering taxes and regulatory barriers
that affect cross-border trade in transportati@mking and consulting, and intellectual property
rights on pharmaceutical products and intelleciu@ks (innovations and technical and technology
breakthroughs). The Doha round is based on anafdsiagle undertaking, which means that, in
effect “nothing is agreed before everything is agreed

Negotiators are trying to agree on new trade rideluge number of items, including outputs of
automotive and aerospace industries. The Doha talk® close to striking a deal and concluding
the Doha agreement during a high-level meetingendgva in July 2008. But after 10 days of talks,
the negotiations broke down again over a disputwd®n the US and India about rules governing
trade in agricultural goods. Since then the mestatgVTO headquarters in Geneva made precious
little progress. So, when and what kind of progeadd be expected that could boost the European
exports of cars, trucks, civil aircrafts and autdreparts, sub-systems and production modules?

Each round of multilateral trade talks over the & years has taken longer than the one that
preceded it. So, the sluggish process of the Dobiad is not unprecedented. Actually the latest

33 The Asia-Europe Meeting (ASEM) is an informal process of dialogue and cooperation bringing together the EU 27 member
states, 2 non-EU European countries, European Commission with 20 Asian countries and the ASEAN secretariat. The ASEM
dialogue addresses political, economic and cultural issues, with an objective to strengthen cooperation between the European
and the Asian regions. ASEM Asian Members are coordinated by Laos and Pakistan, while the European ones by the European
Commission.

34 The Doha round negotiators represent each of the WTO 155 members, most but not all of which are countries (the EU Hong
Kong have their own delegations). Developing nations represent about two-thirds of the members, but economic
heavyweights including the EU, the USA and India and China tend to dominate the talks.

D5.1 - Current transport demand and global transpgtook — FINAL - 28.06.2013 Pafeof 152



RACE20500 — FP7 314753

SEVENTH FRAMEWORK
PROGRAMME

Doha round has reached its 11 year birthday in Ninex 2012, and so far there is no agreement in
sight. This underscores the importance of bilaterdteral and regional agreements on free
exchanges of specific articles, equipment and semhich, although not yet global in scope may
slowly reduce the impediments hindering free trade.

5.1.4. Shifts between Industries and Impacts on Transportation

One crucial factor influencing international tradehe middle-to-long-terms are industrial shifts
triggered by adoption of new technologies, and rfeeturing and/or organisational breakthroughs.
Changes in technologies may also affect the intemma division of labour, and together, these two
factors may displace the affected industries framgetitive positions in a given country, region,

or continent, or production of given systems andéms. Also, changes in the global supply chains
especially those related to distant sourcing of maaterials may modify the international
competitive arenas, and the roles the differerntose@nd/or industrial clusters play. This appt@s

all manufacturing and service provision sectors.

Over the last twenty years many production siteewelocated from the US and the EU to
overseas industrial centres while European sepriceision expanded to extra-European territories.
These off-shoring trends have often been drivealyndance of cheap workforce and/or lucrative
taxation schemes offered by the host countriesrgidn investors. Needless to say this off-shoring
played havoc with some European industries, reptedanainly by textiles and ship-building,
which lost in competition with foreign-made. Anotlreason for industry relocations and FDIs in
foreign setting was to be closer to consumer mankéh large unsaturated growth potentials.

However, the reverse is also taking shape in redayg. With the US labour costs sharply cut
during the 2008-2012 economic crises, and withpstese in manufacturing and shipping costs
from Asia, increasingly more American companiestggte their businesses home and invest in
domestic manufacturing base to serve foreign mankéh export sales. This tendency was also
enforced by high risks of natural catastrophesridnedged production facilities in Japan and
Thailand, and also by an easy access to excelenesiic centres of technology and design
development in manufacturers’ home backyards aonad surroundings.

The statistics related to the scope of these ralseese not yet available, but an indirect evidence
could be deduced from the 20% fall in commerciatamership sailings between China and the
US’ eastern and western coast harbours and 3%imiopport volumes from China in the US’
fourth 2011/2012 quarter-to-quarter external trglteirnal of Commerce, March'142013).

5.2.Business Prospects in Emerging Nations

Business leaders from across Europe often lookaldping countries for new market potentials
and growth prospects. High economic growth (as @etpto advanced economies), rising young
population and financially empowered middle clagsa arrival of many new consumers with
grossly unmet material needs and sizable spendéegldm. Some may argue that over the next 50
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years, the strongest growth opportunities shallg®vail in China, Russia, UAE and other BRICS
nationg®.

However, several parallel trends indicate that masy opportunities are already opening in Africa
(e.g., The Microsoft's 2012 Projection of Technatogransformation in Africa). With more than
one billion people, Africa is a home to 16 of therld’s 30 fastest growing economies. Yet, a poor
image of the continent’s potentials shaped byinigdring poverty legacy and corruption at
government and corporate levels stymied inflow e&tern capital and know-how, delaying
Africa’s economic advancement. But with rapidly moying business infrastructure, booming stock
markets and burgeoning demographics, Africa magtmeca magnet for investors, manufacturers
and suppliers of consumer and technology prodticts

Facilitated by the last decade’s boom in miner#édaetion, manufactured exports and infrastructure
built by Chinese, many African countries developkxse business Sino-ties. As a result, new
supply chains and new financial exchanges werdlesttad between Africa and Asia. This new
trade opening has richly rewarded all businessgspiutting several African nations on a steep
growth trajectory. Despite the fact that the qyadit transport and ICT infrastructures is still
unsatisfactory in Africa as compared to Asia, et African-Chinese collaboration has shown that
many structural blocks could be removed and patbwégared, thus producing considerable
unilateral gains that could also be utilised bydp@an transport industry.
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Figure 64- China’s trade with Africa [Billions] (The Economist 2013)

35 According to World Trade Report 2012 (p.23), the exports from Middle East surged 37% in dollar terms to USS 1.23 trillion
(or 6.9% of the world total) as a result of rising oil prices. In contrast to this, import only increase by 16% to USS6.65 million
(30%). Export of the Commonwealth of Independent States (CIS) jumped 34% to USS 788 billion, supported by rising energy
prices. Imports also increased by 30% to USS 540 billion. Shares of the CIS exports and imports in world trade were 4.4% and
3.0%, respectively. Finally, Asia’s exports were up by 18% in 2011 to USS 5.53 trillion (3.1% in the world total), while
imports advanced by 23 % to USS 5.57 trillion (30.9%).

36 Africa’s 2011 exports in Dollar terms were up 17% ( USS 597 billion) and reached 3.4% of the world total while imports
rose by 18% to USS 555 billion (3.1.%) (World Trade Report, 2012, p.23).
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Figure 65- Share of Chinese Outward Investment ini$-Saharan Africa, 2005-2010, % (The Economist 2013)

In addition to China, three other BRICS countrigsuth Africa, India and the Russian Federation
have grown in ranks among the top investing coestn Africa as regards the foreign direct
investment stock and flows (Figure 51).

FIN flows FDM stock

RIS @ Jer amT

Figure 66- Top 20 Investors in Africa, 2011 [Millims of USS Dollars] (UNCTAD, FDI/INC Database)

China is the largest investor among the BRICS awstwith a total of nearly US Dollar

425billion in FDI stock worldwide. However, its oudrd FID stock to other BRICS countries
accounts for only 2.2% of the total. South Africedd@&Russian Federation have been important
targets of outward FDI from China. Recently, Rusdransnational Corporations (TNCs) have
found their way to the BRICS countries, increagimgjr stock to US Dollar 1.1 billion. In contrast

to TNCs from other BRICS countries, the main ainthef Russian TNCs is not simply to secure the
supply of raw materials to their home country, &lsb to expand their control over the value chains
of their own natural resources, to build sustaieaampetitive advantages versus other firms, and
to strengthen their market presence in key devetppountries. For example, Rosneft formed joint-
venture with CNPC (China) to develop oil extractfojects in the Russian Federation and
downstream operations in China.
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5.2.1. Emerging Markets’ Research Capabilities and Intellectual Property
Protection

Since the beginning of the 1990s when Asia, antiqodeirly China, became the world’s
manufacturing hub of low-to-middle-range technol@ggducts and capitalised on high export
volumes, many companies in these countries haviseddhat in order to raise returns on
investments they need to increase the technologienbof products and services. Consequently,
both the national governments and business commsngarticularly in China and India,
recognised that in order to increase the value-édflexport and service offerings, considerable
investments in higher education, and R&D capabsitind infrastructure are needed.

Availability of well-educated and intellectually fwmt people preconditions good quality of
research and stimulates innovation-driven breakijins. As the number of young and highly
gualified workers in emerging countries increasaisldy, their technical and intellectual skills are
also better utilised bringing them closer to knayge-based economies. Between 2004 and 2011
the student population in BRICS countries grew loyerthan 7% p.a., while student enrolment in
Germany increased by 2% yearly only. Availabilifyesearchers and engineers across Asia, Africa
and Arab countries is growing too. Over the pe2664-2007, the number of Chinese engineering
graduates doubled from 1 to 2 million, while innrand Saudi Arabia the number of people with
technical and technology educational backgrounde ginree-and-five folds, respectively.
Arguably, as universities in some emerging natstiisstrive with inadequate teaching standards
and low level of knowledge production, the quatifytertiary education and scientific training in
these countries still remains a concern. But, asa&ibnal investments grow quickly, the quality of
academic performance is bound to improve soon.

Not surprisingly, from 2007 to 2012, China becaleworld’s most prominent R&D hub which
has lifted its share of global R&D expenditured402% of the worldwide R&D spending. For
comparison, during the same time the shares of R&Bstments of European countries dipped by
1.8% (Battelle 2011).

Growing R&D competence and the relative cost-eifectess of Chinese and Indian scientific
offerings attracted considerable foreign demandadémtract research and technology developments.
Since 1981, domestic research has at least trebhetg the BRICS nations. Growth has been
stellar in China, where domestic research outpsitgnawn 10-fold since 1997 and is 30% greater
than that of the UK. “Home-grown” research is agpanding rapidly at in emerging research
powers such as Brazil, India, South Korea and Ea&arope (quoted from Financial Times of
March 22nd, 2013).

This trend made China and India net exporters oDR&rvices to the EU. Between 2005 and 2010,
the value of EU 27 imports of Chinese R&D servigaadruplet from € 211 million to almost one
billion. During the same time the R&D imports frdndia grew from € 507 to 734 million. As a
result, the external trade surplus in EU 27 R&Drmers turned in 2012 into a €659 million deficit
for India, and a €454 million shortfall for Chindd¢land Berger 2012).

According to Roland Berger Consultants, the gléd&D expenditures grew within 2007-2012
from 1,058 billion to 1,403 billion USS (Roland Ber 2012) and contributed to establishment of
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emerging markets’ research and innovation hubsléAZtina’s and India’s R&D investments

grew over this period by 0.9 and 4.7% p.c. respebtj those in Europe and the US retreated by
1.8% and 3.2%. Japans’ share of research investmasrdlso slid by 2. 3%. During the same period
China and India doubled their R&/D spending fromSJB0 to 200 billion (China) and from USS
21 to 41 billion (India). As a result, these cowggraccounted in 2012 for almost 20% of global
R&D spending.

Admittedly, the 2008-2010 recessions depresse@@h2 R&D allocations of some developing
nations. Yet, research endowments will grow agéer she developing economies re-gained higher
growth rates. However, already now some companies €hina, India and Brazil allocate
considerably higher percentage of their revenud&8tb purposes than national statistics indicate.
Consequently, five companies from China, India Brakil were present at the Forbes 2012 list of
twenty most innovative companies in the world aard] considered as the biggest global
technology developers and innovation achie¥ets 2011, 44 out of 1,000 world biggest
technology companies (in terms of R&D spending) haadquarters in emerging countries.
Chinese and Hong Kong companies topped the amdwajpdal spent on research investments
while Brazilian and Indian firms followed at secqopidce.

The legal protection of intellectual property isiadicator of a country’s evolution towards higher
“information society” preconditioning stable inflwf foreign investments in technology
development and/or technology-driven manufactumagistries. According to the World Economic
Forum, China, Saudi Arabia, Malaysia and Southc&fquite successfully affirm the intellectual
property rights of foreign investors. Unfortunatéigia and Indonesia still score relatively low on
intellectual property protection.

5.2.2. Manufacturing Competitiveness of Emerging Countries

Manufacturers and service providers from developiatipns increasingly surprise their western
counterparts with daunting competitiveness of thenducts and services. A slightly crude
explanation for this phenomenon may be that coripetbetween the more developed countries
suppliers typically consists in allowing customi&rehoose between the different features of
basically similar products rather than in expangibproducts’ functionalities and/or application
areas. Price differentials are often driven by giesmaterials used and other outer features. Many
European manufacturers are quite proficient atragidon-essential features to basic wares in order
to differentiate them from the rivals’ models, iease margins or convince customers to buy the
latest releases.

The customers in emerging nations are usuallyd#isent than their European brethrens. This
means that the local manufacturers, in additigorice, usually compete on real utility and quality
of core performance. Cost/value competition is muaie demanding when customers’ valuation
of product’s design represents only a tiny portbits functionality.

37 www.forbes.com/innovative-companies/list/
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Seeking to emulate this practice, many Europearufaaturers have realized that stripping their
products down to the engineering core will not weitker. The reason is that the European price
for the basic functionalities will neither matcletlocal competitors’ costs of production nor the
scope of value-added required by local marketss aicates that competitive environment in
emerging markets is structured by idiosyncraticgptions of quality and utility, meaning that in
order to launch, anchor, and/or retain the prodactsservices in emerging markets’ sales outlets,
European exporters and suppliers have to employrttenufacturing, technology and marketing
prowess to devise new articles and equipment tieag@ecifically designed and engineered for the
emerging consumers’ requirements and purchasingpow

If the scope of value-added does not meet thesaattons, the European companies will lose in
competition with locally produced items or impadirism other developing locations. Thus, the
European business and industry players may negtilise the emerging countries’ R&D
capabilities to better assess and/or more corrdettjpher the local expectations in order to tailor
their transport offerings to domestic tastes.

Proliferation of innovation hubs in Asia and thewth in Asian R&D sectors heralds a change in
the way how the products and services are desigies@|oped and brought to the market by
technologically and economically savvy manufactsiard branding specialists. They also reveal
that domestic demand is often met by quite soaitad locally crafted products, and that the
nature of competitive rivalry between the develgpamd the developed countries does not consist
in direct imports of western wares, equipment ovises by retailers and whole buyers from
emerging countries. Higher involvement of R&D seeg in the developing countries’
manufacturing and engineering systems contribudexdrival of new class of highly competitive
products, crafted especially for functionality egfaions of the low-and-medium-range customer
segments.

These inventions, often calletitigal products represent consumer goods that are created,
designed and manufactured by applications of lod/@mmedium-end production technologies, but
whose technical performance still exceeds the i®dderage quality standards. Manufacturers of
frugal products which target less affluent but glyigrowing consumer numbers have between
2005 and 2010 achieved a respectable 6% of CAG#borestic business investments. As the
demand for higher goods quality and single-andvoitéd functionality production machines is
expected to soar in the emerging markets, theassinids can easily earn GACR as high as 10%
and even 11% over the next five yéars

And the unwelcome surprise is that these relatisghple but highly functional items, articles and
gadgets may create their own market niches amangdiianced economies’ customers without
necessarily reducing sales of higher priced anceraophisticated wares. This “reverse” shift in
international innovation heralds a new era in gldtzale environment where the competitive

38 CAGR stands for Compound Annual Growth Rate which is a theoretical measure of economic returns. It measures an
average growth rate over a period of several years by using a geometric average of annual growth rates: CAGR = (ending
value - staring value) 1/number ofyears -7
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rivalry between the western and the developing kengpas sharpened by the availability of
relatively simple but highly functional offeringgmorted to advanced economies.

5.2.3. Unlocking the Emerging Markets’ Potentials

Favourable regulations and market friendly polibyspavailability of well-educated scientists,
engineers and skilful workforce are frequently @iées preconditions for high-edge R&D-driven
productivity in material and service provision atra-European latitudes. However the ability to
understand a given country’s working culture, poditand economic systems, consumer
preferences and buying behaviours are even morertarg.

The mindsets of scientists, engineers and workers €merging countries differ from their
European counterparts. Comparative statistics @agaf the gaps in purchasing power, the pay
scales and the levels of income discretion sepayatbnsumers from developed and emerging
economies. But they won’t capture the content afreimarket tendencies, neither the cultural
understanding of consumer sensitivities, preferef@eproduct content, and modes of product
creation, launching, and branding in foreign sginrAnd while the characteristics of basic
consumer preferences may be easy to detect, symbd@wity for economising rather than
advanced design, visual styling vs. practical apion and basic engineering vs. highly complex
manufacturing technology, still people with westeunttural mind-sets might have problems with
spotting and perceiving the idiosyncrasies of remmarkets. This may particularly apply to design,
manufacturing and marketing of highly functionabgucts tailored to users in low-and-medium-
income categories spread across vast geograpércabties.

Discrepancies in demand patterns are further resatbby the sheer geographic distances
separating the different demographic and ethnitocusrs in emerging markets, which became too
large to be managed from single regional headg@sarecording to recent survey (December
2012) conducted by The Economist among 207 sergxutives at large western multinational
companies each with global revenues exceeding U@lon, the western firms are changing the
way they organise themselves in ASialn the past, many western firms used to oveitseentire
Asia Pacific from one continent-wide managementreei\s the region became too large and too
complex, the western started carving up the As@fiedusiness area into several smaller and more
manageable blocks. The countries that are mogy likebe extracted from Asia’s highly complex
market structures and managed as stand-aloneesrtiie to visibly discernible business
idiosyncrasies are China, India and Japan (The &t 2013).

3 “Investing in an Accelerating Asia? Insights from Asia’ Business Leaders on Their Outlook for 2013” Issued by The
Economist’s Corporate Network.
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6. Demand Challenges

In this chapter the author visits the challenges tlarrent demand trends will impose on future
transportation systems.

6.1.Ageing

The changing age structure affects the mobilitygoas in several countries. Seniors are becoming
more mobile than in the past and the per capitauataf yearly trips of the elderly has almost
doubled between the 1970s and the beginning aitiecentury, e.g. in Finland, Sweden, France
or Canada (Rudinger, Donaghy and Poppelreuter 20t4yaara, Antikainen and Rusanen 2011,
Dejoux, et al. 2010). The expected increasing dehi@nmobility by 2020 is partly caused by the
growing group of more mobile seniors over 65 yéRusdinger, Donaghy and Poppelreuter 2004) .

The main reasons for increasing mobility of theedlgare better health conditions and a more
active lifestyle compared to previous generatiavtsch is also enforced by increasing average
incomes, at least for some groups.

Several studies (Rosenbloom and Stahl 2003, EU,Ra@8inger, Donaghy and Poppelreuter 2004,
Zentrum fur Alternskulturen 2009, Alsnih and Hensk@03) provide evidence for the trend
towards an active and healthier future generati@iderly. The future seniors want to keep their
mobile lifestyle and the ability to travel is essahfor an independent life. The improved health
together with increasing travelling options andglaage skills also lead to growing demand for
international travelling (EU 2009).

The effects are not only of quantitative naturéeed in an increasing amount of senior travellers
but also qualitative. The need for accessible dfwildable public transports will also increase in
the future. A barrier-free access to public tramsigimportant for many of the elderly, since it
allows seniors with a reduced mobility, withoutaa or driving licence to independently visit
friends and family and to take part in recreatipsatial and cultural activities (EU 2007, Rudinger
Donaghy and Poppelreuter 2004). Especially theesbiaolder women using the public transport
services will grow as well as the share of eldertynen with a driving licence (Rudinger, Donaghy
and Poppelreuter 2004). Not to underestimate igtbeing demand for assisted mobility which
will accompany the increasing life expectancy.

6.2. Urbanisation growth

According to Roland Berger (s.d.), by 2030, 4.%dml people (about 59% of world’s population)
will live in cities, compared to the 3.5 billion gale today (50% of world’s population). In 2030,
developed countries share of urban populationingllease by 5.7% to 81% while developing
urban population share will increase by 9.9% to 568%ban population growth will be mainly due
to non-OECD countries with over 90% of the increiasarbanization taking place in developing
countries.

Already now the cities in developing countries aeey large: 36% of the cities have a urban
population of 1-5 million and around 12% a popwatover 10 million (UNEP 2012). More than
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70% of China’s and 50% of India’s population wid bving in urban areas by 2050 and around 30
new cities in China and 26 in India are likely beeém 2007-2050. The urbanization has global and
local environmental impacts, for example in therfaf greenhouse gases and resource use, as
more and more steel and energy is required to Itlwdoh. The cities should be built in a sustainable
way from the beginning, since the structures affecdit and slow to change once the buildings and
infrastructure exist (UNEP 2012). An urban regioesi have potential for reduced energy demand
and natural resources due to its concentrated &srlang as it is effectively governed. Several
European examples are good benchmarks when it clonsestainability issues and creating low-
carbon and resource-efficient urban environmenisA(E011b).

As largest part of the world’s population livescities and towns, physical distance between
consumer settlements and production centres isiggowhis worldwide phenomenon is happening
overall, but is most pronounced in Asia, Latin Aroarand Africa. Hence, it also heightens demand
for transport equipment and service in the far aamy/or emerging locations. Sheer population
growth may translate into higher employment, atigaer employment may contribute to higher
GDP rise. Higher GDP may foster international tradd demand for transport equipment and
service. Thus, the increase in mega-cities on oeugl continents may create large demand for
mobility and transport means, unlocking an oppatyuior the European transport providers. This
may particularly be relevant for countries in Wastl West-southern and South Asia such as Iran,
Irag, Pakistan, India, Vietham, Burma, Cambodia &hdiland.

This lead to a new kind of issues with irregularffic flows due to peak hours and otherwise low
capacity use of public transport vehicles. Theseas could partly be solved with flexible working
hours, home office and online services. Anotharasarising in this context is the true cost of
transportation. Currently the transport sectorosaovering for the negative environmental and
social impacts caused by transportation (see &0 (2011b)). Even maintaining the infrastructure
needs subsidies; as mentioned above this systemstiatures are based on cheap mobility,
therefore a change of the financial basis woultubedamental.

Another issue arising in this context is the trastof transportation. Currently the transport sect
is not covering for the negative environmental aadial impacts caused by transportation (EEA
2011b). Even maintaining the transport infrastreesuneeds subsidies; as mentioned above this
system and structures are based on cheap moltityherefore a change of the financial basis
would be necessary.

6.3. Congestion

Road Congestion is particularly prevalent in bigaggglomerations and their access routes. As more
and more people live within cities and motorizatiates increase at a global level, the pressures on
existing infrastructures are burdensome and a#itcimposing delays to citizens and businesses
alike. Incentives to the expansion of road suppglyally results in more congestion, as improved
travel costs call for latent demand that otherwiseld not take place — aka the vicious circle of
congestion.

The urban share of population continues to incraasiethe number of so-called mega-Cities is
rising, particularly in less-motorized emerging momies. Of the 15 largest conurbations identified

D5.1 - Current transport demand and global transpgtook — FINAL - 28.06.2013 Par of 152



RACE20500 — FP7 314753

SEVENTH FRAMEWORK
PROGRAMME

by United Nations, only four are located in higimgustrialized countries: Tokyo, New York, Los
Angeles, and Osaka-Kobe-Kyoto. The overwhelmingomitgj of mega-cities are located in
developing countries, like Sdo Paulo (18.8 milliohabitants in 2007), Delhi (15.9 million), and
Manila (11.1 million), where vehicle ownership i®ging geometrically without corresponding
land use planning and sustainable transportatiamnihg strategies.

Estimates range between 60 to over 100 megaciti#is fopulations over 10 million) by 2050
globally (with China alone hosting 50) (World Engi@ouncil 2011), with significant implications
in terms of mobility and congestion Some mega mecurcongestions today in cities like Sao
Paulo, BR which saw a record breaking 562 km ofigseon its network in a Friday afternoon in
June 2012, or Beijing, CHIN where the local TraM@nagement Bureau announced over 90% of
roads saturated or super —saturated in the moamdgvening peak-hours, give us a glimpse of
what the future may hold for these conurbationsat8gies to relieve congestion rely mostly on
policies and regulatory mechanisms addressingngyiéntelligent transportation systems and
vehicle technology, parking supply, car-pooling, M@anes or ownership restrictions. Congestion
places increasing stress upon public servicesawige convenient, affordable and safe transport
supply to masses, creating a window of opportutaitgroviders and operators of mass transit
systems worldwide.

The EU estimates that in 2011 road congestion€230 billion in Europe, approximately 2% of
GDP. According to Eurocontrol, European airspaa#itrcongestion cost to air-space users in
2006 was around €6 billion, and is estimated t€%@ billion in 2020 and over €90 Billion in 2025,
if meanwhile nothing changes in the supply side.

In the US, the Texan Transport Institute claimg tbad congestion in the United States cost raised
from $24 billion dollars in 1982 to $121 billion krs in 2011 (just in 498 urban areas)
corresponding to almost 1% of US GDP (TTI 2012)céxding to another source, freight
bottlenecks and other forms of congestion cost 89200 billion, or 1.6% of US GDP a year, with
an upward trend as the logistic system try to cajple ever increasing growth of freight transport
demand: In Chicago, the nation’s biggest rail centre, costien is so bad that it takes a freight
train longer to get through the city limits thardibes to get to Los Angele@BAF Ed Fund 2011)

Congestion is a major challenge of transport. Cstigie occurs as a consequence of transport
demand equalling or exceeding system capacityerietates extra costs to economy in terms of
delays, time and resources waste, and increaskeddngumptions and pollution. As transport
networks and nodes (e.g. maritime ports and agpounh near capacity and more users enter the
system, delays increase in a disproportional wegniially leading to gridlocks. This phenomenon
is common to all modes of transport running oveyacity, as Table 25 illustrates, using the TRB
level of service concept.
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Mode Europe us
Inter-urban | Mainly Randstad and Ruhr Cu Highway intersections and .
roads areas and urban access around agglomerations
Urban roads | Severe congestion in some Cu Steadily increasing but not D
cities, no general problem perceived as major problem
Rail Only at port hinterland > Considerable lag in grade- D
lines; technical standards separated facilities in major
lines
Ayiation Problems in major hubs Cu Constant investments and
(London, Paris); airspace still recovery from 9/11
Waterborne | Only port hinterland trans- > Port capacity and conges- D
transport port (Rotterdam) tion on hinterland routes
Legend: A (= congestion-free) to E (totally congested): Current situation. s (fastly declining quality) to

Table 25 - Direct comparison between EU and USA Coegtion - Summary of findings (COMPETE 2006)

Air traffic congestion is a growing concern worldigi ATFCM, provided by the National
Aviation System in USA and civil aerospace authesiin Europe are amongst the major sources
for delays at most congested U.S. and EuropearoAgpAir traffic capacity is still dictated by
1950s’ ground to air radar- and radio- technologaesl airport slots rules which are not consistent
with efficient and open markets. Ongoing researdg@ammes as SESAR in Europe, under the
Single European Sky (SES) initiative, or FAAs’ N&&n initiative in the USA, are addressing
these issues, following a path to replace currerntatfic management systems by merging them
into a global interconnected network, supportedatellite navigation and advanced digital
communication technologies. According to the Asstion of European Airlines (AEA), fully-
implementation of “Single European Sky will leadatgignificant increase in operational
efficiency, reducing aviation’s carbon emissionslibyn tonnes of CO2 per year and eliminating
unnecessary fuel burn worth €3.7bn at today’s pti¢REA 2012).

In Europe, rail congestion is an issue mainly ferght operators at Sea port hinterlands and
crossing some metropolitan areas, due to operailag that prioritise passenger traffics, and slot
availability. As the high speed network evolvesyier corridors are becoming freight dedicated,
and integrated multinational network managementedfare being implemented in order to
promote and streamline rail freight flows across¢hntinent. Europe must still overcome a
burdensome set of regulatory and technical diso@pa amongst different national networks,
which seriously holds back system capacity.

The quest for congestion-free transportation systismot practicable or economically viable, as
ultimately congestion reflects system demand amdidence of social and economic vitality, but
lack of proper system capacity planning and mabikiated policies addressing demand
management, given future demand pressures on tumfeastructures, poses huge threats on future
regional efficiency and competitiveness, imposimgpiculable costs on businesses, workers, and
quality of life of future generations.

40 Air Traffic Flow and Capacity Management
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6.4.Energy

Energy use connected to fossil fuel producis amongsthe most important environmen
challenges worldwide.

Theglobal energy consumption expectedo rise by 53% between 2008 and 2. The growth is
expected to be thadpest in the emerging markets (with half the iaseattributed to China a
India) where a longerm economic boost will take place and where @gdegconomic partners ar
competitors for the OECD countries as well as resousers will emerg(IEA 2011, OECD 200¢.
By 2030, the energy consytion in Brazil, Russia, India and China is asstiteegrow with 72%
compared with the base year 2(OECD 2008)lt is therefore clear why tFrEIA (2011) has
claimed that "understaling the development of transportation energiésnost important factc
in assessing future trends in demand for liquidisfu

Transportation energy use is expected to grow yly@% each year in the upcoming two dece
(Atabani, et al. 2012hus constituting a large part of the overall egergnsumption rise
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Figure 67-Transportation sector energy consumption between 28-2035(Atabani, et al. 2012

Due to increasing mobility demand the consumptibpetroleum and diesel is expected to kee|
increasing drastically until 2035, which is alsfieeting the global economic growth and ris!
living standards. The increase in the consumptfatiesel ind petrol will proportionally be th
largest in the developing and emerging economigisallso in developed countries the trend for
consumption will still be risinglEA 2011.

Versatile challenges arise as the ey demand increases and a higher energy suppl
production is required. The growing trend for eryesigd fuel demand is also followed
increasing energy prices, which however won't redile demand for energy. Especially the p
for fossil fuels iggoing to rise significantly, whereas the renewarergy can become mc
affordable due to technological development andenestablished solutions for energy produc
(IEA 2011).

Although liquid fossil fuels are, in incipal, found in limited quantities in the Earthey are
expected to go on and supply nearly 80% of thedvemnlergy use in 20: (EIA 2011. This forecast
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has its roots in the fact that the oil proved resgiso far have only became larger despite many
prophecies of doom depicting “the end of oil” (B&1D).

It is obvious that rising energy demand and prigiéisaffect transportation; although this will
depend on the availability of alternatives to fbasgel. When it comes to using alternative,
renewable energy resources there are also infcastal limitations globally (UNEP 2012). The
current energy infrastructure for producing andrihsting fossil energy has created a lock-in ffec
for decades and for example in China new fosslldaergy plants are still being built (UNEP
2012).

6.4.1. Energy dependency

Concerning the competitiveness of the economy dtigeamain challenges is the energy
dependency of Europe. Global reserves for natesalurces are unevenly distributed and there are
several highly developed economies without sigaiftadomestic energy sources but with high
energy demand (Wuppertal 2009). The EU is strodglyending on imported energy and for
example in 2010 around 85% of the crude oil andentioan 60% of natural gas were imported. The
dependency rate for natural gas has increasedld#hand for crude oil with 10% during 2000-
2010 (Eurostat 2012).

The aim of the EU is to reduce the dependency tiremproved European energy supplies and
reduced consumption of fossil fuels. The producabrenewable energy can be supported and
increased, but the domestic fossil fuel sourcedirmiged. Due to limited sources only a drastic
reduction in the fossil energy use could lead tedaiced dependency on imported oil and gas in
Europe (Zachmann, et al. 2012). The energy depeyderd the use of fossil resources could be
reduced through the use of alternative energy ssuand decentralized energy production.

The scarcity of natural resources together withvanalistribution of energy sources will influence
the international trade and investment patterrieeérenergy sector. The state of the natural
resources affects the economic development andnéeyy prices (UNEP 2012), which then again
influences the transport sector's competitiveness.

6.4.2. Scarcity of resources

Another global challenge is the increasing demandirite natural resources. People tend to use
the most easily found and produced quantities sdueces first, leaving the more difficult ones for
later production. This makes the non-renewableuess harder to access and they will become
scarce over time. As the demand grows and a resd@womes scarce, its price will rise and
consequently, the maintenance and operation aspiah services will became more expensive. The
major challenge here is on the innovation and teldgy side, finding new solutions to keep
mobility as easy and affordable as possible irfuhgre.

The demand for natural resources is growing, whaelds to increasing global extraction. The
majority of the reservoirs for energy, metals atiteominerals lay outside OECD countries and the
extracted resources need to be imported. The anodextracted fossil energy carriers, metals and
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non-metallic minerals increased by 35% between E®0D2002 and between 2002 and 2020 the
extraction is expected to almost double (OECD 2008)

The Wuppertal Institute for Climate, Environmenddmnergy (2009) states that the maximum
extraction levels for several resources have ajyréaen reached or will be reached in the near
future, which will lead to decreasing extractiom afifficulties in the availability of certain natir
resources as well as to rising energy prices. TAerearying information and opinions on the peak
of different fuels and metals; for example the pkaloil is predicted to be between 2006 and 2026
and the peak for the extraction of lead has alrgadged (Wuppertal 2009). The lack of oil can to
some extent be replaced with natural gas, butalsis a finite resource. Especially the transport
sector will face rising fuel prices and negativersamic impacts, if the oil dependency can’t be
reduced on time (Wuppertal 2009).

The scarcity of fossil resources could stimulateghift to renewable energy sources in Europe.
However the decreasing extraction of natural resggiwon’t be the only reason for supply
shortages; financial and political crisis will alsontribute to them (EEA 2011b).

Also different metals and other elements, whichcatecal for the production of high-end products,
are becoming scarce and will influence the lifestyih Europe and in other industrialized countries.
The access to necessary elements for innovatimegoat technologies such as electric vehicles and
batteries will become limited (Wuppertal 2009). fiehare geographical areas for example in China
with very high concentrations of such resourcesclwhlso affects the competitiveness of Europe
and strengthens the role of China and other simgigions.

Besides mobile resources also land is a resouraghwahlinked to transportation issues. As
described in the previous urbanisation chaptep#st trends of land use in Europe are mainly
caused by urbanization, expansion of residentedsaand other artificial surfaces such as transport
infrastructure (EC 2011). A considerable amouranl in the urban areas is needed for
transportation. Majority of the cities uses 20-30PAts land for transport facilities and
infrastructures. The urbanisation and their infracture have lead to fragmentation of land,
inefficient land use and to negative developmenth @s urban sprawl, soil erosion, biodiversity
loss and floods (EC 2011).

6.4.3. Future energy comsumption

Renewable fuels are considered to be the fastesiiigy source of energy consumption, but they
are not expected to capture more than 14% of theesif total world energy consumption by 2035,
with nuclear energy sources accounting for anotP&share (EIA 2011).
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Figure 68- Share of world total energy consumptiomy fuel between 1990-2035 (EIA 2011)

Future forecasts, however, need to be tamperedtiethealization that the price of fossil oil suffe
from severe fluctuations, and the trend of dramat&nges in price is not expected to change
anytime soon. As an example, while the price feingle barrel of oil at the end of 2010 reached
823, by April 2011 the price went up to more thd24 a barrel (Sellfox 2011). The prices of oil
depend largely on transport systems and regiomgidlgsecurity, which are particularly difficult to
forecast.

In a similar vein, while nuclear energy trends seeémore obvious in the past, the recent tsunami
in Japan which caused severe damage to the reatteukushima Daiichi might have profound
consequences on the development of nuclear powhar countries. Last but not least, should
renewable energy producing technologies achieastlgap forward, their share is then likely to
grow much larger than currently anticipated.

Energy-efficiency is also a relevant issue forftitare energy sector. The emerging and developing
economies can learn from the experiences madeenghgy-efficiency in the industrialized
countries (UNEP 2012). A more energy and resouffag@eant society can be reached through
existing know-how and technological solutions a#l a&through the integration of energy related
issues into the political decision making. Thered®eto be policies supporting and promoting
energy efficiency measures as well as innovatieadihg to improved energy solutions (UNEP
2012).

6.5. Infrastructure

The quality of infrastructure in trade partner coigs is decisive for the long-term transport
development. Infrastructure bottlenecks and ladki@rmodal interoperability may stifle fulfilment
of transport demand and/or reduce trade effects®rfeurther, the lack of good logistics facilities
and poor information systems may also compromieéthman and cargo mobility, and global
economic integration.
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Also, since the quality of traffic management amel $cope of transport’ s environmental impacts
also depend on quality of infrastructure, largdescanstruction of new infrastructure networks
and/or upgrades of the existing ones may be redjfareunlocking growth potentials in
international trade. In this context, both the jpubhd the private investors may contribute,
although cooperation between these two needs tardedully managed. One of the potentials for
European transport industry may lie exactly in dbating to transport infrastructure development
in emerging countries, and thereby, boost the kengr demand for primary and derived mobility.

Trans-vision research points out that “Most of Bté's future transport infrastructure is already in
place, or is at least in the planning stage. R@darks, rail networks, airports, ports have been
constructed over a long period in history, and hiisastructure will also in the future provide the
backbone for transport services.” (TransvisionsR@@)

With this in mind, generally speaking, we can claivat the EU has rich and dense networks of
transport infrastructure, which can compete ord#vhe workload of moving passengers and
goods. The European Union has one of the densastamd railway networks per 1000 krgU-27
rail density is 51km/1000 kh{US 16km/1000 k) JP 73km/1000 kf), and road density is
978km/1000 krh (US 650km/1000 ki JP 3320km/1000 kfh Even though Europe has higher
levels of public transport usage compared, foraimsg, with the USA, in 2009, 72.7% of domestic
and intra-EU-27 passenger trips (pkm) were madgrivate car. On the freight side, road is still
the most prevalent mode, with 45.6% of tonnes-kdtwes transported, but sea accounted for 37.3%
and rail for 10.5% of the domestic and intra-EUR2&rket (Eurostat). And about rail, EU is, when
compared to Russia, NAFTA, China and India, defigia small fish in term of volumes, both on
Pkm and Tkm (Thompson 2010, 23).
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Figure 69- Distribution of infrastructure investment in WECs and CEECs (WECs as Western European Countrieand
CEECs as Central and Eastern European Countries) (ITF@12c, 6)

On the contrary, USA freight market is dominateddy/transportation, and rail is gaining
momentum in emerging countries too. Massive investsiare currently under implementation not
only in BRIC and next-11 countries, but also magagrally in African countries, as an answer to
the need to match the growing trade of local natesources. We are thus facing a double-face
state-of-the-art, in which we can underline a slowd of infrastructural investment in mature
economies and, on the opposite, a booming conditi@merging economies.
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About the first, in the past two decades, there avlmsver level of spending in Japan, which was
also manifest in the USA, but less significantha EU. Keeping the focus on the EU, the overall
picture is a constant key attention devoted to faatities, and a somewhat growing attention to
the rail sector, mainly (if not completely) as aasequence of the high speed train programs. In this
vein, the train sector is receiving a bigger sldn@afrastructural investment than its share oighe
and passenger mobility (see Figure 69).

Western European countries (WEC) had a solid focusad (about 68% of the total investments
in inland transport infrastructures in the pasy2ars) with minor decreases to that sub-field e th
past five years. Central and Eastern European tesr{CEEC) have experienced a counter-trend,
moving from 66% in 1995 to 79% in 2008 devoteddads (ITF 2012c, 2). Rail investments have
grown in WECs from 29.5 in 1995 to 34.5 in 2008 inulCEECs those decreased from 23.3% in
1995 to 14.5 in 2005, although they finally rebosahdio 17.9 in 2008 (see Figure 70 and Figure
71).

Regarding emerging economies, we are facing theeadirst wave of Chinese investment in the
national High speed train network, and at the looria “second” China is not visible. However,
India, South America, Africa and next-11 countiaes definitely in desperate need of
infrastructures (see Figure 70).
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Figure 70- Volume of investment in inland infrastructure between 1995-2010 [index 100= 1995] (ITF 201 %)

Some countries use transport infrastructure astgtis packages to benefit employment-intensive
infrastructure projects, but many of these will @aun their course or will be withdrawn in the not
too distant future.” (OECD 2012a, 55)
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Figure 71- Investment in inland transport infrastructure between 1995-2010 [%GDP] (ITF 2012c, 4)
Trends

Generally speaking, the past 30 years’ trends sidlgat international freight and passenger traffic
grows faster than the growing GDP. In this veie, @ECD forecasts that air passenger traffic could
easily double in 15 years, air freight could trebl0 years and port handling of maritime
containers worldwide could quadruple by 2030 (OEZLI2a, 16). The same estimations of
double/treble volumes by 2030 for the other transpmdes have also been made. Assuming this is
so, infrastructure will face an enormous pressuarkiino improvements are made, the saturation of
transport infrastructure is granted (see Table 26).

Glokal Ananaual average investment FAagregale invasment
Infrastbruchee faciifies 20082015 252030 200925 20452030 2008-2020
Birporis' capital expeniiune Fil 14 200 1 800 2200
Port infastructhere faclifes’ capdal expendibure 3 40 204 630 230
Fail "new consiruction” {inciuding manbenancs) 120 270 920 4 &l 300a
il and gas — ransport and distrikution 185 135 930 2325 3255

Table 26 - Annual and aggregate investment needstiagen 2009-2030 [$US billions] (OECD 2012a, 56)

This will have heavy social and economic effeatsgihg the public authorities and the private
sector to take action, even if they are reluctadditionally, new transport devices and
technologies will require appropriate infrastruetyust as the containerisation of maritime traffic
did. Therefore the infrastructure field should exgrece one of these three development paths.

= Improve the use of the existing infrastructure
= Create new infrastructure
= A mix of the above.
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The EU’s research and actions about infrastructedargely addressing the problem of better
management of existing infrastructure. The cageunbpean airspace shows how there is a lot of
room for significant improvement: the lack of hamsation of intra-EU-27 airspace operational
rules carries additional costs for the supplieesaygs, and under-utilization of the existing
infrastructures. The EU-27 railway domestic netvgagkperience similar problems. There are
currently several obstacles in the way of such d@ination policies (ITS and CER 2009). The
bigger transport volumes foreseen for the futurdadbecome the compelling factor to overcome
the political hesitations, or to force the doubtagjors involved to take action.

In addition, the coordination among different tnams modes could lead to better service for
customers and to enhancing the use of existingce=vThere are huge expectations about the
decisive role of ICT in improving the use of traodgplevices (expectations which, sometimes, have
the tone of a messianic redemption). Whatever égeesk ICT will (further) be embedded in
transport facilities, it is expected that the istractural network will benefit in terms of broader
uses (OECD 2012a, 54).

Recent debate by stakeholders™ has also pointetth@uinsatisfactory level of integration among
the transport modes and the management of theasinfictures. In other words, while the customer
(demanding passenger movement or freight transgsoaijning at a rapid and seamless journey, the
current infrastructure and service are not welppred to match this request. Additionally, we see a
weak point in policy trends: so far the debateddrassing eithe) the problem of medium and
long-range trips, oi) the urban level of mobility. While the micro anega levels are only

partially considered, the regional and nationalgies, with remarkable exceptions, do not
sufficiently address the meso-level (Transvisiod82 11).

In its research about infrastructure trends upd@02 OECD claims that the investment needed for
airports, ports, rail, and oil and gas "could anmtdarover USD 11 trillion over 2009-2030 (OECD
2012a, 17). The creation of new transport infragtnee is one of most outstanding policies in many
emerging economies, which have devoted politidahéibn, conspicuous resources and strong
emphasis to that field.

This can lead to new framework conditions for thétEansport industry, well beyond the market of
infrastructure construction. Just as British rajveamgineers in the 1800s blanketed the world (and
carried not just their expertise but also markgtasfunities for their domestic industry), nowadays
“in Africa, for example, thousands of Chinese waskare building roads and railways to connect
the vast resources of the interior to ports andlpips, and — eventually — out for export back to
China. In parts of Asia too, Chinese companiesaatiee, in some cases bringing together Chinese
financing and contractors to complete end-to-emepts in places like Indonesia.” (KPMG 2010,
38).

The cost of borrowing increased and availabilityusfds for infrastructure investment is reduced,
with many projects postponed or restructured, ddadk of credit (ITF 2009 a). Revenues from
existing infrastructure are also shrinking dueswdr use. Thus it becomes necessary to improve
funding and financing arrangements in many devel@ueintries, given their current deficit and
debt levels and other expected demands on budgminees (OECD 2012a, 3). This situation leads
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to increasingly engaging the private sector inasfiructure development by way of privatization or
public-private partnerships (PPP).

In the debate the solution is envisioned as lgogeate-sector investment, although these co-
funded actions need better framework condition®P® are often successful but there have also
been some significant failures.”) (OECD 2012a, 2@cording to ITF (2009), transport projects
can be designed to increase their attractivenessuate investors through the insurance of bigger
and more reliable flows of revenue as well as beogdblic banking of projects revenues. This
attractiveness could be ensured by “limiting contjpet among transport facilities, or increasing
tolls, or reducing project-specific risk by poolipgojects, or remunerating investment on the basis
of delivery of capacity rather than on the basitraffic volumes” and through taxes receipts
reduction.

6.6.Tourism

All the scenarios on tourism development in thet 28430 years foresee a growth of the sector, and
therefore a growth of the related mobility. Everihie worst case scenario, UNWTO claims there
will be a 20% growth between 2010 and 2030. Inrtisgest scenario, international arrivals will
double by 2030. Some megatrends studies, whichrekysed here, claim that the tourism industry:

* inthe long term presents a two-century growthdren

= js short-term volatile;

= has quick fails and recoveries, mainly accordingdonomic cycles and security issues;

* has doubled between 1980 and 1995 and then agaedie 1995 and 2010 (despite the oil
crisis, terrorist attacks, pandemics etc.)

= is depicted as an urbanized middle-class phenontiesafore considering an expected increase
in urbanized middle-classes in emerging econortiésshould lead to more tourism.

Expected challenges and opportunities

= Social and professional changes will affect thedkand tourism market, leading to shorter but
more frequent holidays, placing stronger constsaimt the travel time budget, and therefore
increasing the share of aviation transport (ECT-QBU6). Additionally, time-constraints lead
to easy-to-purchase all-inclusive deals, havingscade effect on the tourism industry and,
naturally, on the transport suppliers, leading toae consolidated vertical integration. The
tourism industry is still massively fragmentedhaligh the past two decades have witnessed
merging trends, correlated also to ICT developm&gain, this is already influencing the
transport suppliers and carriers.

= The tourism industry is also facing, as in the pagjreat variety of customers, which reflects
new and old social fragmentation and trends. Mdrtli@se social trends are discussed under
lifestyle changes, although we should here oudiméncreased gap between time-rich and
money-rich customers (ECT-CET 2006). While thet fmesent a shortage of financial
resources, the latter have a shortage of time,dresingde factotwo markets for the travel
and tourism industry. Those different demands raisblems for the transport suppliers, which
have to feed two alternative clienteles.
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= Some weak signals comes from the so-called posistaurends (becoming evident especially
in high-quality tourism); here tourists ask for fgene” and “not-staged” experiences (Urry
2002) and transport carriers have to be able tenstahd this growing demand. In this vein,
some worldwide known tourist destinations baser ttiarm on the lack of car access as well as
on a shortage of transport facilities. Like Cinduegre in Italy and Mont Saint-Michel in
France, those destinations are paradoxically pomd highly visited due to their (transport)
partial isolation. These examples display the @zhttion between the need for well-served and
developed infrastructure and the request for rensste by tourist demand.

= Finally, Europe is witnessing a booming second-equechase, with a North-South flow,
especially by high-end incomes and pensioners. {ffémsl has a number of reasons: i)
(relatively) accessible real-estate markets, W-tmst journeys, and iii) a layer of population
with solid pension income and plenty of time (DGelmal 2010). Ignoring here wild-cards (like
the Icelandic volcano eruption), some studies tmreted out how those conditions could be
put under pressure in the next decades, partigudarpensioners face budget limits in the
future, and as aviation costs could have unexpeuetists.

According to those forecasts, in 2030, Europe shbale about 750 million international arrivals
(50% growth from 2010), but its share of the woildlvtourist market will drop to from 51% in
2010 to 41% in 2030, perpetuating a decline indls as experienced in the past 50 years
(UNWTO 2011). Additionally, in twenty years’ timBlorth-East Asia will be the most visited sub-
region (at least in terms of international arriyakss the growth of European tourism as envisioned
for 2030 and beyond lying below the world average lose seen as a problem, it is also as an
opportunity to bet on high-quality tourism, as aghier by EU policy-makers in the past decade. As
stated, high-quality tourism is openly envisiongddd) documents: this policy can lead to

(wealthy) high-end targets, pushing the tourisnusidy to innovation, and to an environmentally
sustainable/social accepted/economically vibramtiso offer by the EU (ECORYS 2009). At the
same time, elite tourism can also open politicabpgms, regarding its internal contradictions about
access to common natural and cultural resources.

This does not mean that the European tourist imglhisis no worries: quite the opposite. Europe
will remain a big playground for globetrotters, ancsome extent, its variety in language, style and
offers is a good selling point, especially if wenswler that a multiplicity of experiences is a ary
force of travelling. However, this difference amdgld countries leads also to a broad variety of
legal regulations as well as visa barriers. Thengfest barrier remains the EU-27 countries’ lack of
coordination in national tourism policies to impeokzurope as a whole destination (ECORYS
2009).
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7. Future demand for Transport

Projections for future demand for transportatiotainge time frames, like 20 and 40 years, are
available from several sources — international migions and business companies — as these
entities try to assess potential developments @nggnconsumption, emissions, congestion or
business prospects (e.g. Airbus or Boeing) in ord@ndorse the best strategies to tackle the
challenges ahead and shape a sustainable an@mfficinsport system to future generations.

These projections are usually spread across sesagahrios exploring different trends and rates of
economic growth and global trade development, deapdgc evolution and technological changes.
More often than not, projections for future tragemes as inputs to model other variables future
evolution as referred above but, on the preser, vas are looking after these projections aiming to
illustrate what the future global demand for pagsemnd freight transport by Sea, Air and Land -
Road and Rail in such large time frames may lokd. li

7.1. Aviation demand

Passengers

OECD (2009) presents on its own words a “very roughv” of what passenger travel volumes
might look in the future. Based on different asstions on the evolution of global GDP and on
how aviation demand responds to different GDP stesdTF proposes four possible evolution
scenarios for air travel demand (see Figure 7@)masing it is likely to triple over the next forty
years, with projections for 2050 ranging betwee®Q@ and 18,000 billion pkm (passenger
kilometres), from slightly over 5,000 billion pkraday (see Figure 72).
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Figure 72- Global aviation volumes in four scenaris [billion pkm] (OECD 2009)

According to these scenarios, projections forravel demand in twenty years’ time stand between
8,000 and 11,000 billion pkm, entailing an averageual growth rate from 2011 to 2031 ranging
between 2.4% and 4.0%.
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Most OEMs periodically publish their views on futysrospects for air travel and fleet development
for the next twenty years, publicising quite mopgimistic forecasts than the previous one (with
Boeing’s even more optimistic Airbus). The followianalyses rely on the latest edition of Airbus’
Global Market Outlook (Airbus 2012).
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Figure 73- World annual pkm forecasts (Airbus 2012)

Driven by global economic activity - GDP growthobéal trade, disposable income, unemployment,
etc - the price of travéland developing competition from other modes, pageseair travel is
expected to grow at an average annual rate of gl@abally (5% on Boeing forecasts), doubling-up
in the next 15 years (replicating past evidencsse-Figure 77), from just above 5,000 billion pkm
in 2011 to 12,800 billion pkm in 2031.

As emerging economies are expected to drive lomg éEonomic growth, they will hold the
biggest share in future demand growth for air thawvéh traffic amongst them expected to grow
6.6% yearly.

The largest flows during the next twenty yearsfarecasted by Airbus to occur in domestic
markets of China PR (with a huge growth potentldfrth America and Western Europe (Figure
78). The transatlantic route connecting North Arweeand Europe is expected to remain the largest
interregional flow, although the market share ofaatted — advanced origin — destinations’ traffic
flows is expected to drop from current 45% to 32%emerging — emerging traffic flows will climb
from 27% to 38%.

41 To which it computes an elasticity of -0.6, i.e. a 10% increase in the price of travel yields a 6% drop in demand.
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Figure 74- Largest passenger flows in 2011 and 2084irbus 2012)

As result of these developments, Asia Pacific negwdl hold almost half of top twenty airports in
terms of international long haul PKM processedhvidtrope and North America equally sharing
the other half (see Figure 75).

©°
20 @@ §@®

e o

Figure 75- Top Twenty Airports in 2031 (Airbus 2012

One of the most important drivers of air freight\gth is Foreign Direct Investments Flows. The
USA and Europe have historically been the drivéisil but nowadays more and more FDI flows
are sourcing from emerging economies as Chinar éthian countries and the Middle East, which
bear the largest growth in outward FDI flows ineetyears, as the nature of FDI also develops
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from more extractive industries to technologicalustries and scattered manufacturing, leading to
increased transportation demand for componentsainslystems between manufacturing facilities.

Globalization patterns that have fuelled past ghowwith raising fragmentation and dispersion of
supply chains - are meanwhile being questionedhlapging relative costs of production - wages,
capital costs and energy prices - which might affiecdle and transport patterns, with increasing
number of business cases pointing out in the dectf shorter supply chains, with direct
implications in the air cargo market.

Traffic has grown 5.2% per year since 1980 (Bo&id#2), and is now expected to double by 2031,
growing at an average annual rate of 4.9% (Airboi®).3% (Boeing). As in passenger’s traffic, the
highest growth rates will take place in and betwerging economies.

1981 1086 1901 1996 2001 2006 2011

Figure 76 - Actual Traffic [revenue tkm] (Boeing 20.2)

These factors are changing the structure of th&ehé&see Figure 77), with intra-Asia flows
expected to grow at almost 7% annually, as Chireadhvair trade is expected to grow 8%
annually, India domestic travel will show a 8.5%age growth rate, and South Asian air trades
with Europe and North America are expected to gaban annual average rate of 5.8%. North
America domestic air freight flows shall grow a8% per year and Intra-European traffic is
forecasted to grow at 2.4% annually, while traffietween North America and Europe are
expected to grow at 3.5% annually until 2031 (Bget012).
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Figure 77 - Largest freight flows in 2011 and 2031Ajrbus 2012)
7.2.Maritime transport

Maritime transport, also referred to as shippisgightly linked to international commodity trade
and economic activity. Economic mass and tradedlave growing and being redistributed over the
world and global sea trade volumes have alreadyassed pre-crisis figures as Figure 8 illustrates,
displaying a healthy 3.6% average annual growtmft®83 to 2011, and reaching almost 8,750
million tonnes loaded.

IMO (20009) in its second report on future emissibos international shipping presents their
projections for future shipping demand by 2020 2080, by vessel type and SRES scenarios.

IMO bases its projections model on assumptiondalfad development put forward by the
Intergovernmental Panel on Climate Change (IPCO)so8pecial Report on emissions Scenarios
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(SRES) storyline€. These scenarios oscillate between two dimensi®luhalization vs.
Regionalization and Environmental values vs. Ecandralues. The report identifies three key
driver variables that influence ship emissionsa@@50 as (1) Economy, (2) Transport efficiency
and (3) Energy, with values for each variable gateel using an open Delphi Process.

Shipping transport demand was modelled (in tonrlesper year), under the economy driver,
based on expectations for economic growth anditsdacorrelations between global GDP growth
and demand for sea transport, considering curteet ¢haracteristiéd

2050 AlB  A1F  ALT A2 B1 B2
Ocean-going shipping 320 320 320 240 220 180
Coastwise shipping 320 320 320 270 220 220
Container 1230 1230 1230 960 850 690
Average, all ships 540 540 540 421 372 302

Table 27- Tonne.mile (index 100 = 2007) for 2050dm correlation with GDP (table 7.2 from (IMO 2009))

According to this information, future demand foageansportation could increase 2007 figures by
3 to 5.4 times to 2050, with Container Shippingdnad the greatest growth potential — 6.9 to 12.3
times, while Ocean Going Shipping (intercontinetviatie) growth potential is projected to reach
between 1.8 and 3.2 times 2007 figures and coasshigpping (regional, short sea shipping)
between 2.2 and 3.2 times (Table 27).

But this report goes on stating this approach ceacoount for other trends that might influence
future demand for Sea transport, as it will alspethel on developments in trade / changing trade
patterns, location of manufacturing sites, consumnpadf raw materials and possible new sea routes,
as a study about the Japanese maritime indusggttafor 2050 produced by the Ocean Policy
Research Foundation (OPRF 2008) - a Japanese wennrgeental organization for shipbuilding
advancement - considers.

In this last study, demand for sea transport igepted towards 2050, based on IPCC A1B
Scenario, using also (as IMO’s) a correlation v@DP for containerized traffic but addressing
other cargo as dry bulk, crude oil, LNG and petroleroduction with different parameters
evolution such as population or primary energy utssdditionally anticipates and considers future
changes in transport patterns and modal shiftthe widening of the Panama Canal, the
commissioning of new pipelines, the modernizatibthe Siberian Railroad or the development of
the Artic sea route, amongst several others. Hsslts in estimates of future tonne-miles travelled
by shipping vessels that are somewhat half the coegputed by the method put forward by IMO.

42 For a summary of each scenarios storyline please refer to Nakicenovic, N., Alcamo, ]., Davis, G. and Vries, B.D. 2000. Special
Report on Emissions Scenarios. Cambridge University Press: Cambridge, UK, or (IMO 2009)

43 Gains of efficiency due to fleet improvements like technical developments or changes in ship size are only considered
afterwards in the analysis, so this analysis can be directly translated into a sea transport tonnes demand index.
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2050 AlB AlF A1T A2 B1 B2
Ocean-going shipping 170 170 170 140 150 130
Coastwise shipping 170 170 170 160 150 150
Container 570 570 570 330 380 360
Average, all ships 266 266 266 188 205 187

Table 28- Tonne.mile (index 100 = 2007) for 2050 iding on OPRF study (table 7.3 from (IMO 2009))

Acknowledging on the uncertainties regarding eddh®approaches, IMO researchers chose to
use in their emission computations for the cersiceharié* an average of both, as illustrated in
Table 29.

2020 AlB  A1F  ALT A2 B1 B2
Ocean-going shipping 131 131 131 121 120 114
Coastwise shipping 131 132 131 126 120 120
Container 194 193 195 176 173 165
Average, all ships 146 146 146 135 133 127
2050 AlB  AlF  ALT A2 B1 B2
Ocean-going shipping 245 245 245 190 185 155
Coastwise shipping 245 250 245 215 185 185
Container 900 875 905 645 615 525
Average, all ships 402 397 403 302 288 247

Table 29- Final tonne.mile (index 100 = 2007) for®0 and 2050 for emission computations (table 7./bm (IMO 2009))

Given these last results, and considering an adprstfactor of 1.085 to reference these figures
from 2007 to 2011 sea trade flows and using a g&arakinterpolation between given years,
demand for future sea transportation between 288850 is projected to fall into the following
ranges:

2020 2030 2040 2050
Ocean-going shipping 105 - 120 116 - 148 129 - 183 142 - 225
Coastwise shipping 110 - 121 127 - 143 147 - 168 170 - 197
Container 152 - 179 223 - 299 328 - 498 482 - 831
Average, all ships 117 - 134 146 - 188 182 - 264 227 - 370

Table 30- Future Sea freight demand range (index D0= 2007) from 2020 to 2050 (based on Table 29)

The recent “Maritime Outlook towards 2030” by LldydRegister (2013), in its central view
scenario $tatus Quy increases global seaborne trade from today &ué@d00 million tonnes to
over 21,000 million tonnes by 2030 (Figure 78).haligh Lloyd’s Register (2013) highlights the
probable evolution of future freight trade (tonnasyl sea-trade routes for major commodities (in
terms of origins and destinations), it skips oveauttitative observations on future freight travel
(tonne.miles). If sea trading routes were to rensgaible in this scenario, this expected increase
would place the future demand index at around ek 100= 2011), therefore reaching this
value at least a decade earlier than expecteckiprewvious projection.

44 They additionally considered two extreme upper and lower bond scenarios, for each IPCC scenario, large enough to
accommodate both views from IMO’s GDP correlation and OPRF study.
45 Derived from UNCTADstat tonnes figures for world seaborne trade.
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Figure 78- Major seaborne trade routes in 2010 and030 [million tonnes] (figure 17 in (Lloyd's Registe2013))

Yet, Lloyd’s Register (2013) prognoses that, ag@ag and consumption location for major
commodities (Iron ore, coal, crude and petroleuadpcts, grains) and manufactured products
evolves over time, “global seaborne trade will benthated by Intra-Far East, between Oceania and
Far East, Far East and Latin America, and Far &asthe Middle East” and that “we will also see
the strongest growth within these trade routes Wiia taking centre stage in the global seaborne
trade”. These changes will probably alter sea trariation average distances, but the implication

of these developments in terms of ton.mile produncis not plainly addressed in the document.

New shipbuilding deliveries are expected to renaiourrent levels in twenty years’ time, and
China and emerging economies (like Brazil, Vietn&mdja and Philippines) will be in the forefront
of the industry, as South Korea and Japan will lnaeket share (from 34% to 22% and from 21%
to 9-10%, respectively).

In what concerns passenger seaborne transporttiene, was no success finding out sources
dealing with this subject on the time frames welao&ing at. Passenger water transportation serves
mainly as part of the public transport systems ahynwaterside cities and islands, as it allows
direct transit between short to medium distancetsat a much lower capital cost than bridges or
tunnels. Statistics on operation shows divergesiitres, with recent demand for this mode
increasing in the United States but declining axsrope and China.

Forecast for future evolution of cruising travehtnd are available on the short term by Cruise
(s.d.), and points to 3.1% yearly increases ingragsrs carried from 2014 to 2017 in European,
North American/Caribbean and emerging markets Espere 28). But one must acknowledge that
cruise passengers represented only 3% of thertomaber of passengers in EU-27 ports in 2011, so
cruise shipping has a relative small importancgei@borne passenger production of transport.

7.3. Road transportation

Dulac (2013) analyses infrastructural developmantead and rail - and inherent cost estimates —
needed to support projected land travel througlb2b&sed on International Energy Agency (IAE)
mobility model (momo). His study broadly considew® evolution scenarios for global

D5.1 - Current transport demand and global transpgtook — FINAL - 28.06.2013 Pagy of 152



RACE20500 — FP7 314753

SEVENTH FRAMEWORK
PROGRAMME

development taken from ET$2012 — 2DS and 4DS, related to achieving emissimgets of & or
4° increase in average global atmospheric tempasty 2050, respectively, with 6DS describing
a “business as usuat or nothing changes - development (with infrastural needs roughly

similar to 4DS):

= 4DS trajectory unfolds with existing and upcomimaiges, including a tightening of fuel
economy standards and a slow uptake of advancedeébchnologies (hybrid, plug in hybrid-
electric and battery electric, etc), with transparéergy consumption expected to increase by
40% by 2050. Light duty vehicle travéincreases nearly 2.5 times in 2050, and total road
activity is expected to more than double to 43,6lllon TU.km*® in this scenario;

= 2DS development is supported on improved vehictefaal developments, that lower GHG
emissions, improved share of most efficient modesavoid/shift strategies e.g. virtual
mobility and policies promoting innovative solutgas car-pooling, car sharing, BRT systems
and HSR, with the objective of cutting transposlfuse and C®emissions significantly by
2050. Total road activity in this scenario is expéddo nearly 25% smaller tham in 4DS.

Between 2000 and 2010, road and rail total trgv@sgengers and freight) grew some 40% or
15,000 billion TU.km and, under 2DS scenario, @jgeted to climb up additional 35,000 billion
pkm and 15,000 billion ton.km until 2050, less D@ ®illion TU.km than if 4DS projections are
considered. 90% of anticipated growth is expeabeactur in non-OECD countries, with a 75/25
ratio favouring road over rail.

In 4DS scenario road activity - function of car e@sship (strongly correlated to income growth)
and fuel price - is expected to more than doubk3t600 billion vkm in 2050, as road
infrastructure shall grow by 60% (14 million km 2030 and 11 million afterwards), with China
and India responsible for half the expected adastio

Chinese Infrastructure Occupancy Levels (IOL) ipawted to grow by 2.5 times to 2050, to over
0.7 million vkm per paved lane.km (roughly 1,900 BR* per lang, as Chinese vkm are expected
to surpass USAs’ by 2025 and double them by 20&@,ta vehicle fleet multiplies USA’s fleet by
4. India I0L, with half the vehicle ownership of @&, will grow 6.5 times to 0.8 million vkm per
paved lane.km (2 200 AADjper lang - 1.5 times current USAs’ IOL level (1,500 AADjer

lang). Latin America will keep its struggle to raisepeaity, expecting a slight decrease in IOL from
over 1.1 million vkm per paved lane.km today to illiom vkm per paved lane.km by 2050 (2,700
AADT per lang — the largest average occupancy of all. Averdgea IOL in 2010 was around
0.45 million vkm per paved lane.km (1,200 AADE&r lang.

The global passenger light duty vehicle (PLDV) &tscexpected to more than double to 2050. In
terms of parking needs, this translates for antiufdil demand for almost 50,000 kof parking
space (from present 30,000 ¥m0% of which in China and India.

4 JEA Energy Technology Perspectives - Pathways to a Clean Energy System, 690 pages, 2012
47 Usually measured in vehicle.kilometres (vkm).

48 TU.km stands here for Traffic Units, as the sum of pkm and tkm.

49 AADT - annual average daily traffic.
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The 2DS scenario expects less 9,000 billion vkradractivity) in 2050, compared to 4DS scenario,
and road paved infrastructure will only grow 14.8ion km in the period, 60% of them in China
and India. Infrastructure occupancy levels (I0ls)campared to levels estimated for 4DS scenario,
will be less 20% in China, less 15% in India arss18% in LAC, Africa and Middle East countries.
The PLDV fleet is only expected to double in thassario, which means less 500 million passenger
vehicles and further parking space needs will recagzordingly to additional 23,000 k(8,000

km? in China and India) while North America shall vés a decrease in parking space of around
6,000 k.

Another recent report on “Global Transportationrige®s for 2050” by the World Energy Council
(2011) places current light duty vehicle globakflen circulation in 802 million vehicles, with ave
70% of the global fleet based in developed OECDhtaes (see Table 31).

OECD EU 228
USA 211
Japan 58
Russia 29
Other Asia 26
Brazil 24
non-OECD EU 18
Canada 17
Africa 15
Middle East 15
Mexico 15
Oceania 15
China 14
Argentina 8
India 7
Chile 3
others 100
total 802

Table 31- Personal light duty vehicle fleet - baseon (WEC 2011) and WorldBank

On this report, the future evolution of light dwtghicles (LDV) in circulation to 2050 is framed on
to two distinct transport development scenarioseeway, where pure market prevails, or Tollway,
describing a more regulated world with intervengmyernments (see Table 33). Under these
projections, global LDV fleet is expected to groetleen 2.2 and 2.6 times, according to the
development scenario considered, to a value betd/éé® and 2086 million LDV. According to
Sousanis (2011), this figure surpassed 1 billioeaaly by 2010.

. 2005 2050 Fleet
Region
Fleet Tollway Freeway
OECD 572 778 807
non-OECD 230 987 1279
Total 802 1766 2086

Table 32- Personal light duty vehicle fleet by 205[nillions] - based on (WEC 2011%

50 As referred in 3.2., the number of Chinese registered passenger cars increased threefold to 46 million by 2009.
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A patrticular attention is given on Dulac’s repartBus Rapid Transit (BRT) networks. This kind of
public road transportation system has grown to@{a@nk km in 2011 — more than half on non-
OECD countries — and additional 1,200 km are pldrorgproposed until 2025, although not
completely certain. In the 4DS scenario this nekwe expected to raise only to 2,800 km which
means these systems, maintaining present ridelislefs, will be responsible for less than 0.5% of
total bus travel in 2050 (roughly 40 billion pase)k These figures are rather different in the 2DS
scenario, as promotion of this kind of mobilitywbns will push over 24,000 trunk km to existing
2,200 km, and travel levels might reach 700 billpmm (5% of total bus travel).

From what is stated above, one can derive thaagjlidmand for BUS services in 2050 is expected
to be between 8,000 billion pkm (4DS) and 14,00idobi pkm (2DS). According to data available
on passenger transport in FEFdemand for bus and coaches in OECD countriesame

European former communist countries was 1,63bilikm in 2008. However, this number
doesn't include Africa, LATAM, China, India or Sdw#tast Asia. Data for India pointed to 2,330
billion pkm in 2000-01 and is expected to develop 608 in 2030 (S. K. Singh 2006). Available
data for intercity transport demand in China plaa@sent demand levels at 1,460 in 2010 to nearly
3,200 in 2030 (Ma, et al. 2012), while data foriha&merica places BUS transport production at 20
billion vkm and 341 billion pkm which roughly plazeurrent demand levels clearly above 5,750
billion pass.km.

7.4. Rail transportation

Global rail travel is expected to grow to nearly@® billion TU.km annually by 2050, from

today’s 12,000 billion TU.km. While significant rd&ay additions are needed to accommodate
passengers and freight demand growth, considefakr shall be needed if the railway is to be the
mode chosen, since only 335,000 additional tracK X80 current network) are deemed necessary
to fulfil this demand, 10% of which are already anglay in several HSR undertakings, 25% are
due in China and India, and 56% in OECD North AicerOECD Europe, Russia and LATAM.

Despite the recent rush in Chinese HSR networkldpueent (see chapter 3.1.4), the global rail
network is not expected to grow rapidly in the niedure, as only additional 7,500 km are expected
by 2025, and another additional, but highly undertd4,000 km are proposed beyond 2015 —
namely in Iran, Turkey, Morocco, Brazil, Argentiaad USA. Considering present 16,000 km plus
7,500 km under construction and additional 14,000dkanned or proposed until 2025 places future
HSR network length in 37,000 km by 2025.

According to Dulac (2013), the total global HSRwertk length expected by 2030 in the 4DS
scenario is 44,000 km, with 60% of its growth expddn China and almost everything else in
France and Spain, with only minor increments exgukthereafter. No HSR tracks are considered
for North America and most non-OECD regions (inahgdAfrica, ASEAN and CIS) in this
scenario. HRS stands for only 4% of global railwak in 2030 and 3% in 2050, while 2025s’
1,000 billion HSR pkm stands for one fifth of gldbail travel projected

51 http://stats.oecd.org/Index.aspx?Queryld=23180
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In the 2DS scenario rail travel in 2050 shall sega0,000 billion TU.km, pilling additional

200,000 track.km requirements to 4DS scenario é&pens, while rail occupancy is expected to be
10% higher. HSR is believed to reach 4,000 biljdxm (35% of global rail 11,400 billion

pass.km), requiring additional 90,000 km of HSRKs(if current intensity levels on HSR services
remains unchanged) which, large as it can be,wseker in line with total HSR planning
announcements (official or conceptual) so far.

According to Thompson (2010) on its “Vision forlveays in 2050”, both global passenger and
freight travel by rail are expected to more thanlde by 2050, with global production of pkm
growing 2.6 times and ton.km 2.2 times. Althoughl Ras been growing its travel activity over the
last decades, it has also been showing an almdstmross of market share to other modes, with
the exception of freight movements in the USA,dwling the rail freight deregulation act (the
Staggers Act).

Almost 90% of current rail traffic in the world (psengers and freight) can be found in only six
networks — North America (mainly freight), Chinadla, Russia, Japan (mainly passengers) and
Eu-25, and this fact shouldn’t change significamtlyhe projection horizon.

Rail traffic projections by Thomson assumes thatdiwrrent worldwide recession will end with
return to economic growth and hold considerablevtiiexpectations for rail travel (to over 26,500
billion TU.km annually in 2050), which are consistevith the enormous rail investments under
way — US$200 billion by 2020 in China, a separaavy haul system for India, TEN-T in Europe,
Russia or USA (where investments in HSR have piaileiot multiply by 3 or more current pass.km)
and future expected improvements in railway eneffjgiency — expansion of electric traction and
innovations in signalling, automation, enhanced mamications, GPS systems use and regulatory
policies.

As shown in Table 33, in terms of passenger trafifidia and China are responsible for over half
the production of rail pkm in the world, followed importance by Europe and Japan.

country year / pass.km x 10° Percent CAGR 2050 % growth
world total  2010-2050 10’ pass.km 2010 - 2050
India 2007 770 30.9% 3.1% 1877 237.2
China 2005 583 23.4% 3.2% 2071 2524
EU 15 2005 327 13.1% 1.2% 543 60.5
Japan 2007 310 12.4% 1.5% 504 82.1
Russia 2005 172 6.9% 2.1% 466 132.4
EU 10 2005 45 1.8% 2.1% 174 130.2
N. America 2005 12 0.5% 1.1% 82 57.7
All Other  most recent 276 11.1% 2.1% 786 185.1
World Total - 2495 100% 2.4% 6 505 160.7

Table 33- Passenger traffic activity rankings [Pkml0%], based on (Thompson 2010)

China is expected to sustain the largest growffassenger rail travel between 2010 and 2050, with
demand growing over 2.5 times in this period, whgbhll establish the Chinese domestic passenger
rail market as the largest in the world by 205twveit32% market share — 2,071 billion pkm
annually, followed by India with 1,087 billion pkemnually and EU25 with 717 billion pkm in
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2050. This last figure is quite short of the ERR®€Ion for passenger rail traffic in Europe by
2050 — 1,650 billion pkm and an increase in modate from 7.6% to 15.3% (ERRAC 2012).

The world’s railways carry about 3.5 times as maettonne.km as passengerkmvith freight
movements by rail being strongly influenced by gepby, as it requires large expanses as in
Russia, USA and India to be a viable mode.

country year / ton.km x 10° percent CAGR 2050 % growth
: world total  2010-2050  10° ton.km 2010 - 2050
N. America 2005 2997 33.9% 1.7% 5514 93.2
China 2005 1935 21.9% 3.3% 6472 261.1
Russia 2005 1858 21.0% 2.3% 3618 145.9
India 2007 481 5.4% 3.3% 1524 271.7
EU 15 2005 244 2.8% 1.0% 393 46.5
EU 10 2005 143 1.6% 2.6% 457 181.9
Japan 2007 23 0.3% 1.2% 280 62.9
All Other mostrecent 1165 13.2% 2.0% 1800 54.5
World Total - 8 845 100% 2.1% 20 059 126.8

Table 34- Freight traffic activity rankings [ton.km 10%], based on (Thompson 2010)

As stated by Thompson (2010) North America, withragimately 3,000 billion ton.km in 2005, is
home to almost 34% of present global rail ton.kotipfved at some distance by China and Russia
with less 1,000 billion Ton.km yearly; India lagsHhind in fourth with only a quarter of Chinese ralil
freight activity, followed by European network(seé Table 34).

As China Government continues to invest in itsasfructure to stimulate its economy, namely with
its “Great Western Development Strategy”, Chineslewill expectedly overtake North America
and become the largest producer of rail freightdpartation by 2050, with 6,472 against North
Americans’ 5,512 annual billion ton.km, thanks tav@raged annualized growth rate of 3.3%
during the next 40 years, a performance only exa@é&y India, which is projected to grow over 2.7
times until 2050 to reach an annual figure of 1,6RB4bn ton.km. European rail freight is projected
to grow 2.2 times to over 850 billion ton.km prodddn 2050, in line with projections by other
sources as Freightvision (2010) optimistic viewsghwcenarios 3 (supporting similar ton.km
growth to rail and road) and 4 (strong rail growatid no growth in road) framing a 785 — 942
billion ton.km interval. Even so, other projectisources places this figure quite higher, as
Transvisions (2009) pointing at 1,222 billion tam.land ERRAC (2012) doubling it to just under
1,600 billion ton.km in 2050.

7.5.Main findings

In view of the above, the next table synthesizeswhin findings of the bibliographic research
carried out specifically for this chapter.

52 Which in turn requires twice the energy consumption of a ton.km to travel the same distance, in very rough terms, as
passengers travel faster, and energy consumption growths in a quadratic rate to speed.
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2030 2050
e Pax 160 - 220 240 - 360
Aviation
Freight 237 - 253
Pax -
Waterbourne
Freight 146 - 188 227 - 370
Pax - 219 - 286
Rail
Freight - 180 - 240
i e
Private Car o\>‘°\
Road Bus&Coach - e,&a“
Freight NG

Table 35 — Expected evolution of transport demandyomode by different sources (index 100 = 2010)

These values represent a high level view on whaieotiforesight studies indicate for future
transportation demand growth. This range of figwetsout clearly that current expectations for
demand growth are of a very significant increaser ¢tive next 3 to 4 decades.
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