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| Transportation and Climate Change
Context

Where are we?




Transportation in the Canadian Context

| .
North America

I Y

Paved Road (km) 317,919 3,819,000
Rail (km) 80,326 290,356
Airports (#) 1,146 13,145
Waterports (#) 167 309

Source: US Census, Stats Can
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Transportation in the Canadian Context

| .
North America

Paved Road (km)

9.25 12.37
Rail (km) 2.34 0.94
Airports (#) 0.03 0.04

Waterports (#) 0.0049 0.0010

Paved Road (km)

318 793
Rail (km) 80 60
Airports (#) 115 573
Waterports (#) 0.17 0.06

* Land area is based on where 90% is population is located

Source: US Census, Stats Can
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| .
Comparison of Infrastructure

Canada has the
more extensive
rail and
waterport
infrastructure Waterports Airports

Canada US
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Transportation in the Canadian Context

| . X .
Marine and Rail are the most energy efficient
methods of transporting goods

Energy Intensity of Different Forms of Transport (kJ/t-km)
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Transportation in the Canadian Context

| . X .
Marine and Rail are the most energy efficient
methods of transporting goods

Life Cycle Emissions for Different Transport Options (g CO,e/t-km)
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Canada’s infrastructure is already poised to take
advantage of higher efficient transportation
methods
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Climate Change Mitigation in the Canadian Context

| Canada’s GHG Emissions Profile (2008)
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Source: Environment Canada, GHG National Inventory
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Climate Change Mitigation in the Canadian Context

Commercial
Transportation is
about 35% of all
Transportation

GHG Emissions CO2e Mt

| .
Canada’s Transportation
Emissions
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® Marine
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Trucks

B Aviation
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Climate Change Mitigation in the Canadian Context

| . oy . .
Climate Change Mitigation Measures in Canada
for Transportation

Transportation comprises a significant portion of Canada’s inventory.
Transportation emissions are forecasted to increase.

The transportation industry will be subject to some form of government
Imposed incentive to reduce greenhouse gas emissions

Regulatory Challenges Responses
* High number, small sources » Setting of efficiency standards
« Multiple stakeholders involved ¢ Setting of fuel standards

« Solution set, in part, involves  Media and education awareness
behaviour modification programs

» Restriction/mandating of certain
technologies
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The transportation industry will need to become
more efficient




Global Historical CO2 Concentrations and

Temperatures
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Historical trends in carbon
dioxide concentrations and
temperature, on a
geological and recent time
scale." UNEP/GRID-
Arendal Maps and
Graphics Library. June
2007. UNEP/GRID-
Arendal. 25 Feb 2011
<http://maps.grida.no/go/gr
aphic/historical-trends-in-
carbon-dioxide-
concentrations-and-
temperature-on-a-
geological-and-recent-
time-scale>.
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The Climate Change Equation

PEOPLE SERVICES

PER PERSON

Source: TED, Bill Gates on Energy
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| .y ; ; ; ;
Mitigation is not sufficient, companies must be
prepared for adaptation




|
Headlines

The Guardian, December 20, 2010

Heathrow airport all but shut as
snow hits Christmas travel plans
Met Office warns of more heavy snow
over the next few days as government
rejects charges of complacency

Van Horne Institute
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|
Headlines

CBC New March 22, 2011

CP Railway shares fall after
warning

Shares of Calgary-based
Canadian Pacific fell Tuesday, a
day after it warned its first-quarter
earnings will be lower than a year
ago due to the severity and length
of winter this year.

Van Horne Institute
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| . . . « e
Carbon dioxide is a surrogate indicator for energy
storage in the atmosphere

Bernoulli’'s Equation

Energy = potential energy + kinetic energy + internal energy
(height) (velocity) (temperature)

Increased velocity Increased variability in
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" Cost of Climatic Change

70000
Decade Comparison (losses in US$ billion, 1999 values)
60000 — Factor Factor
1950-59 196069 1970-79 1980-89 1990-99 90s:50s 90s:60s

~ 50000 =7 | Number
g Weather-Related 13 16 29 44 72 5.5 4.5
= Non-Weather-Related 7 11 18 19 17 2.4 1.5
£ 40000 — Economic Losses 38.7 50.8 74.5 118.4 399.0 10.3 7.9
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Figure TS-5: The costs of catastrophic weather events have exhibited a rapid upward trend in recent decades. Yearly economic
losses from large events increased 10.3-fold from US$4 billion yr-1 in the 1950s to US$40 billion yr-1 in the 1990s (all in 1999
US$). The insured portion of these losses rose from a negligible level to US$9.2 billion annually during the same period, and
the ratio of premiums to catastrophe losses fell by two-thirds. Notably, costs are larger by a factor of 2 when losses from
ordinary, noncatastrophic weather-related events are included. The numbers generally include “captive” self-insurers but not
the less-formal types of self-insurance.

Van Horne Institute
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Adaptation Scenario Build Out

|
Air Example

Increased number
of delays

Increased need for

Increased weather de-icing systems
variability

Shortened life span
of runways

PwC
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Adaptation Scenario Build Out

' Road Example

Increased freeze-
thaw cycles

PwC

Increased road
damage from frost
heaving or
pavement softening
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Adaptation Scenario Build Out

|
Marine Example

PwC

Longer period of
weakness in ice
pack

Longer thaw
season in arctic

Decreased ice pack

area and thickness
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I 3 . .
There are true costs associated with adaptation that cannot
be avoided, the question becomes one of when and how
much adaptation is needed, not if.




Opportunities and Owning the Future

Strategies for Transportation Companies
1. System Resilience

2. Alternative Distribution Modes and Paths
3. Trade Pattern Shifting

4. Demand Side Management
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System Resilience

Higher Transportation Availability and Recovery

Repairs and Maintenance
 distributed repair centres

* mobile repair capabilities
 larger parts inventory

* remote diagnostic capabilities

* less segregation of duties
 predictive maintenance models
e preventative design

e automated repairs

Van Horne Institute
PwC
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Alternative Delivery Modes and Paths

Global
|
| | |

Local
- Bike . : Small

Van Horne Institute
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Alternative Distribution Modes and Paths

Van Horne Institute
PwC
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Trade Pattern Shifting

P

’ PORTS BY VALUE WITH FREIGHT MOVEMP, S

S

—

2007 AASHTO, A New Vision for the 215t Century

Van Horne Institute
PwC
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Trade Pattern Shifting

T —
0 1 2 3 4 6 & 1218 24 36 2d 3d 4d 5d 10d

Travel time to major cities (in hours and days) and shipping lane density

Van Horne Institute European Union 2010
PwC
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|
Demand Side Management

Encourage the use of certain modes of transportation
* Encourage light weight shipping
* Encourage slow delivery modes, where appropriate

* Decrease time sensitivity

Van Horne Institute
PwC
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Owning the Future
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Owning the Future

« Climate change challenges are about mitigation and adaptation.
« Mitigation will be shaped by policy.

« Adaptation will be shaped by government, business, and personal
actions.

* Businesses can do much to prepare for mitigation and adaptation

» Keys to success are understanding, positioning, and implementation
timing.

Van Horne Institute
PwC 33



For tomorrow belongs to the people
who prepare for it today.

This publication has been prepared for general guidance on matters of interest only, and does
not constitute professional advice. You should not act upon the information contained in this
publication without obtaining specific professional advice. No representation or warranty
(express or implied) is given as to the accuracy or completeness of the information contained
in this publication, and, to the extent permitted by law, PricewaterhouseCoopers, LLP, its
members, employees and agents do not accept or assume any liability, responsibility or duty of
care for any consequences of you or anyone else acting, or refraining to act, in reliance on the
information contained in this publication or for any decision based on it.

© 2011 PricewaterhouseCoopers, LLP. All rights reserved. In this document, “PwC” refers to
PricewaterhouseCoopers, LLP which is a member firm of PricewaterhouseCoopers
International Limited, each member firm of which is a separate legal entity.



Are Biofuels the Solution?




Are Biofuels the Solutions

" Over the Lifecycle of Biofuels, there are still

greenhouse gas emissions

GHG Emission Gasoline g CO,e/GJ
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Source: GHG Genius
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B Combustion

@ Co-product Displacement

B CO2, H2S Removed from NG
B Gas leaks and flares

B Fertilizer Manufacturer
®LULUCF

B Feedstock Recovery

B Feedstock Transmission

® Fuel Production

® Fuel Distribution

® Fuel Dispensing
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Are Biofuels the Solution?

" Over the Lifecycle of Biofuels, there are still

greenhouse gas emissions

GHG Emissions Diesel g CO,e/GJ (HHV)
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@ Co-product Displacement

B CO2, H2S Removed from NG
B Gas leaks and flares
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® Fuel Distribution

® Fuel Dispensing
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Why BioFuels are (not??) Carbon Neutral

Combustion of
Bio-Fuels
releases CO,
(1 sec)

Van Horne Institute
PwC

CO2 Resides
in the
Atmosphere
(100 Years)

Fibrous Matter
is Harvested
and Process

into Fuel

(1-3 Months)

Plants Absorb
CO, to Create
Fibrous Matter

(1-100 Years)
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