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Innovation drives Safety, Service, and Productivity
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Innovation writ Large:
Multiol f bined Improved
ultiple sources, often combine .DataAna.ytics Results
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Materials
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Not only the Supply
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Deep-rooted culture of innovation —
Passenger, Commuter, Freight



Safety, Service,

& Productivity
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Infrastructure Safety Innovations
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Results of Broken Rail Innovations

Significant improvement
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Results of Broken Rail Innovations

Normalized for traffic...
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Track Inspection & Maintenance
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Arc of Innovation:
The Bearing Problem

Safety, Service, &

Systems Int; Productivity Improvements
‘"Alarm" to Data
‘ "Trending" Analytics
Invest in
tech, density
‘IR Wayside
Inspection
.Redesign

bearing




Results of Bearing innovations...

In Canada
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Similar pattern in US...

US Burned Off Journal Derailments
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“Machine Vision” Systems
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Locomotive Innovations
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Business Model Innovations
“Piggyback” to Double Stack
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Business Model Innovations

v" Precision railroading
v' Co-production

v' Gateway optimization
v’ SC collaboration

v' Commuter “crowbar”
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Safety
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Service

Canadian Railways - 3 Year Moving Average - Car-Mile Index
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Sustainability

Canadian Railways - GHG Emissions Intensity Indices
1990=100

110.0

100.0

=100

1990

70.0

500

1950 1991 1992 1993 1994 1995 1956 1997 1998 1999 2000 2001 2002 2005 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

m—Freght Emesions Intensity - Index —— |rter Cty Passenger Emissions Intensty - Index

11/05/2016 19



11/05/2016

Productivity and Pass-Through
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Arcs of Innovation in Canada’s Railways

How do we accelerate and sustain improvements?

Innovation writ large

Eng’g, Matl’s Science
Process

Tech, IT, R&D

Data analytics
Business models
Often in combination

Collaborative approaches

» Railways

»> Suppliers

» TTCI, Labs, Universities
» Government
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Remove barriers to innovation

Results

» Safety

» Service

» Sustainability
» Productivity




“Four cars to a coupling...two cars...one car...




