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About CESAR and The Transition Accelerator

CESAR (Canadian Energy Systems Analysis Research) ÏĈ��ê�ÏêÏđÏ�-
đÏĢº�Ĉđ�Ąđº³��đ�đÌº��êÏĢºĄĈÏđĩ�óÄ���áÆ�Ąĩ�Ïê�ȪȨȩȫ�đó�ėê³ºĄĈđ�ê³�ºêºĄÆĩ�
ĈĩĈđºèĈ�Ïê���ê�³�Ɋ��ê³�³ºĢºáóĀ�êºģ��ê�áĩđÏ­�áɊ�èó³ºáÏêÆ��ê³�ĢÏĈ-
ė�áÏį�đÏóê�đóóáĈ�đó�ĈėĀĀóĄđ�đÌº�đĄ�êĈÏđÏóê�đó���áóģɢ­�Ą«óê�º­óêóèĩɐ�

9ê�ȪȨȩȯɊ��"q�m�á�ėê­Ìº³�
its Pathways Project to 
³ºĸêº� �ê³� ­Ì�Ą�­đºĄÏįº�
credible� �ê³�compelling 
đĄ�êĈÏđÏóê� Ā�đÌģ�ĩĈ� ÄóĄ�
Ģ�ĄÏóėĈ� Ĉº­đóĄĈ� óÄ� đÌº�
��ê�³Ï�ê� º­óêóèĩ� đÌ�đ�
ģóėá³� ÌºáĀ� đÌº� ê�đÏóê�
èººđ� ÏđĈ� ȪȨȫȨ� �ê³� ȪȨȭȨ�
­áÏè�đº�­Ì�êÆº�­óèèÏđ-
èºêđĈ� è�³º� Ïê� i�ĄÏĈ� Ïê�
ȪȨȩȭ�ɞFigure 1.1ɟɐ�

���"q�m�q­ºê�ĄÏóĈ�Āė«-
áÏ­�đÏóê� Ïê� º�Ąáĩ� ȪȨȩȰȩɊ�
�ê³� đÌº� ĈėĀĀóĄđ� �ê³�
ºê­óėĄ�Æºèºêđ� ÄĄóè�
�� êėè«ºĄ� óÄ� ­Ì�ĄÏđ�«áº�
Äóėê³�đÏóêĈ� áº³� đó� ³ÏĈ-
­ėĈĈÏóêĈ��èóêÆ��"q�mɭĈ�
�ÏĄº­đóĄɊ� David LayzellɊ�
��Ąáºđóê� �êÏĢºĄĈÏđĩ�
ĀĄóÄºĈĈóĄ� James 
Meadowcroft� ɞ��ê�³��
mºĈº�Ą­Ì��Ì�ÏĄ� Ïê�.óĢºĄê�ê­º�ÄóĄ�qėĈđ�Ïê�«áº��ºĢºáóĀèºêđɊ�q­Ìóóá�
óÄ�iė«áÏ­�ióáÏ­ĩ��ê³��³èÏêÏĈđĄ�đÏóêɟ��ê³��êÏĢºĄĈÏđ»�³º�QóêđĄ»�á�ĀĄó-
ÄºĈĈóĄ�Normand Mousseau�ɞ�ºĀđ�óÄ�iÌĩĈÏ­Ĉ��ê³��­�³ºèÏ­��ÏĄº­đóĄɊ�
zĄóđđÏºĄ�"êºĄÆĩ�9êĈđÏđėđºɟ�ĄºÆ�Ą³ÏêÆ�đÌº�êºº³�ÄóĄ���Ā�êɢ��ê�³Ï�ê�Ïê-
ÏđÏ�đÏĢº�đó��­­ºáºĄ�đº�đÌº�³ºĢºáóĀèºêđ��ê³�³ºĀáóĩèºêđ�óÄ�zĄ�êĈÏđÏóê�
i�đÌģ�ĩĈɐ

1 D. B. Layzell and L. Beaumier, “Change Ahead: A Case for Independent Expert Analysis 
and Advice in Support of Climate Policy Making in Canada,” CESAR Scenarios, vol. 3, no. 
1, Feb. 2018 [Online]. Available: https://www.cesarnet.ca/publications/cesar-scenarios/
change-ahead-case-independent-expert-analysis-and-advice-support

Figure 1.1. Canada’s greenhouse gas emissions (solid 
blue line), showing the future trajectory needed to meet 
Paris commitments (red line). Past failed commitments 
are also shown. Data from the 2018 National Inventory 
Report for Canada for 1990-2016 (http://www.
publications.gc.ca/site/eng/9.506002/publication.html) 

https://www.cesarnet.ca/publications/cesar-scenarios/change-ahead-case-independent-expert-analysis-and-advice-support
https://www.cesarnet.ca/publications/cesar-scenarios/change-ahead-case-independent-expert-analysis-and-advice-support
http://www.publications.gc.ca/site/eng/9.506002/publication.html
http://www.publications.gc.ca/site/eng/9.506002/publication.html
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�ÏđÌ�ÆėÏ³�ê­º��ê³�ĸê�ê­Ï�á�ĈėĀĀóĄđ�ÄĄóè���êėè«ºĄ�óÄ�ĀĄÏĢ�đº���ê�³Ï�ê�
Äóėê³�đÏóêĈɊ���­Ì�ĄÏđ�«áº�êóêɢĀĄóĸđ�ģ�Ĉ�á�ėê­Ìº³�Ïê�ȪȨȩȱ��ê³�­�ááº³�
the Transition Acceleratorɐ��ĈĈó­Ï�đº³�ģÏđÌ�đÌº�á�ėê­ÌɊ���ĄºĀóĄđ�ģ�Ĉ�
Āė«áÏĈÌº³Ȫ�đó��ĄđÏ­ėá�đº���ĀÌÏáóĈóĀÌĩ��ê³�èºđÌó³óáóÆĩ�đÌ�đ�ÏĈ�êóģ�
ėĈº³�«ĩ�«óđÌ��"q�m��ê³�đÌº��­­ºáºĄ�đóĄɐ�

9ê� ³ºĸêÏêÆ� �ê³� �³Ģ�ê­ÏêÆ� đĄ�êĈÏđÏóê� Ā�đÌģ�ĩĈɊ� CESAR� �ê³� đÌº�
Accelerator�Ąº­óÆêÏįº�đÌ�đ�đĄ�êĈÄóĄè�đÏĢº�ĈĩĈđºèĈ�­Ì�êÆº�ÏĈ�êºº³-
º³�đó��­ÌÏºĢº�­áÏè�đº�­Ì�êÆº�đ�ĄÆºđĈ�ɞĈºº�Figure 1.1ɟɐ�6óģºĢºĄɊ�ÄóĄ�
è�êĩɊ�ĀºĄÌ�ĀĈ�èóĈđ���ê�³Ï�êĈɊ�­áÏè�đº�­Ì�êÆº�ÏĈ�êóđ���ĈėĶ­Ïºêđáĩ�
­óèĀºááÏêÆ�Ąº�Ĉóê�ÄóĄ�á�ĄÆºɢĈ­�áº�ĈĩĈđºèĈ�­Ì�êÆºɊ�ºĈĀº­Ï�ááĩ�ÏÄ�Ïđ�
Ì�Ĉ�Ĉė«Ĉđ�êđÏĢº�­óĈđĈɐ�SºĢºĄđÌºáºĈĈɊ�ģº�áÏĢº�Ïê���đÏèº�óÄ�³ÏĈĄėĀđÏĢº�
ĈĩĈđºèĈ�­Ì�êÆº�³ĄÏĢºê�«ĩ�ÏêêóĢ�đÏóêĈ�đÌ�đ�«óđÌ�ĀĄóèÏĈº��ê³�³ºáÏĢºĄ�
ÌÏÆÌáĩ�­óèĀºááÏêÆ�«ºêºĸđĈɊ�Ĉė­Ì��Ĉ�ºêÌ�ê­º³�­óêĢºêÏºê­ºɊ�­óèÄóĄđɊ�
Ĉđ�đėĈɊ�Ģ�áėº�ÄóĄ�èóêºĩ��ê³�ăė�áÏđĩ�óÄ�áÏÄºɐ��Ì�đ�ÏÄ�Ïđ�ģºĄº�ĀóĈĈÏ«áº�
đó�Ì�ĄêºĈĈ�đÌºĈº�³ÏĈĄėĀđÏĢº�ÄóĄ­ºĈ�đó��áĈó�³ºáÏĢºĄ�Ĉó­Ïºđ�á�ó«Ûº­đÏĢºĈ�
ÄóĄ�­áÏè�đº�­Ì�êÆº�èÏđÏÆ�đÏóêɑ�

The AcceleratorɭĈ�è�ê³�đº� ÏĈ� đó�ģóĄÞ�ģÏđÌ�Þºĩ�Ĉđ�ÞºÌóá³ºĄĈ��ê³�
ÏêêóĢ�đóĄĈ�đó�ĈĀºº³�đÌº�³ºĢºáóĀèºêđ��ê³�³ºĀáóĩèºêđ�óÄ�­Ąº³Ï«áº�
�ê³� ­óèĀºááÏêÆ� Ā�đÌģ�ĩĈ� đÌ�đ� �Ąº� ­�Ā�«áº� óÄ� èººđÏêÆ� ­áÏè�đº�
­Ì�êÆº�đ�ĄÆºđĈ�ėĈÏêÆ���ÄóėĄɢĈđ�Æº�èºđÌó³óáóÆĩɉ

ȩɐ� Understand� đÌº� ĈĩĈđºè� đÌ�đ� ÏĈ� Ïê� êºº³� óÄ� đĄ�êĈÄóĄè�đÏĢº�
­Ì�êÆºɊ� Ïê­áė³ÏêÆ� ÏđĈ� ĈđĄºêÆđÌĈ� �ê³� ģº�ÞêºĈĈºĈɊ� �ê³� đÌº�
đº­ÌêóáóÆĩɊ�«ėĈÏêºĈĈ�èó³ºáɊ��ê³�Ĉó­Ï�á�ÏêêóĢ�đÏóêĈ�đÌ�đ��Ąº�
ĀóÏĈº³� đó�³ÏĈĄėĀđ� đÌº� ºĨÏĈđÏêÆ� ĈĩĈđºè�«ĩ��³³ĄºĈĈÏêÆ�óêº�óĄ�
èóĄº�óÄ�ÏđĈ�ĈÌóĄđ­óèÏêÆĈɐ

Ȫɐ� Codevelop� đĄ�êĈÄóĄè�đÏĢº�ĢÏĈÏóêĈ��ê³�Ā�đÌģ�ĩĈ� Ïê�­óê­ºĄđ�
ģÏđÌ�Þºĩ�Ĉđ�ÞºÌóá³ºĄĈ��ê³�ÏêêóĢ�đóĄĈ�³Ą�ģê�ÄĄóè�Ïê³ėĈđĄĩɊ�
ÆóĢºĄêèºêđɊ� đÌº� �­�³ºèĩɊ� ºêĢÏĄóêèºêđ�á� óĄÆ�êÏį�đÏóêĈ�
�ê³�óđÌºĄ�Ĉó­Ïºđ�á�ÆĄóėĀĈɐ�zÌÏĈ�ºêÆ�Æºèºêđ�ĀĄó­ºĈĈ�ģÏáá�«º�
ÏêÄóĄèº³�«ĩ�đÌº�ÏêĈÏÆÌđĈ�Æ�Ïêº³�Ïê�qđ�Æº�ȩɐ

ȫɐ� Analyze��ê³�èó³ºá�đÌº�­�ê³Ï³�đº�Ā�đÌģ�ĩĈ�ÄĄóè�qđ�Æº�Ȫ�đó�
�ĈĈºĈĈ� ­óĈđĈɊ� «ºêºĸđĈɊ� đĄ�³ºɢóĵĈɊ� Āė«áÏ­� �­­ºĀđ�«ÏáÏđĩɊ� «�Ą-
ĄÏºĄĈ� �ê³� «óđđáºêº­ÞĈɐ� �ÏđÌ� đÌºĈº� ÏêĈÏÆÌđĈɊ� đÌº� ĄºĈº�Ą­ÌºĄĈ�
đÌºê� ĄºɢºêÆ�Æº� đÌº� Ĉđ�ÞºÌóá³ºĄĈ� đó� ĄºĢÏĈº� đÌº� ĢÏĈÏóê� �ê³�
Ā�đÌģ�ĩɞĈɟ�Ĉó�đÌºĩ��Ąº�èóĄº�­Ąº³Ï«áºɊ�­óèĀºááÏêÆ��ê³�­�Ā�«áº�
óÄ��­ÌÏºĢÏêÆ�Ĉó­Ïºđ�á�ó«Ûº­đÏĢºĈ�đÌ�đ�Ïê­áė³º�.6.�èÏđÏÆ�đÏóê�
ɞĈºº�Figure 1.2)

Ȭɐ� Advance� đÌº� èóĈđ� ­Ąº³Ï«áºɊ� ­óèĀºááÏêÆ� �ê³� ­�Ā�«áº� đĄ�êĈÏ-
đÏóê�Ā�đÌģ�ĩĈ� «ĩ� ÏêÄóĄèÏêÆ� ÏêêóĢ�đÏóê� ĈđĄ�đºÆÏºĈɊ� ºêÆ�ÆÏêÆ�

2 J. Meadowcroft, D. B. Layzell, and N. Mousseau, “The Transition Accelerator: Building Pathways to a 
Sustainable Future,” vol. 1, no. 1, p. 65, Aug. 2019. [Online]. Available: https://www.transitionaccelerator.ca/
blueprint-for-change

https://www.transitionaccelerator.ca/blueprint-for-change
https://www.transitionaccelerator.ca/blueprint-for-change
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³º­ÏĈÏóê�è�ÞºĄĈ�Ïê�ÆóĢºĄêèºêđ��ê³�Ïê³ėĈđĄĩɊ�Ā�ĄđÏ­ÏĀ�đÏêÆ�Ïê�
Āė«áÏ­�ÄóĄėèĈɊ��ê³�­óêĈóáÏ³�đÏêÆ�­ó�áÏđÏóêĈ�óÄ�Ā�ĄđÏºĈ�ºêđÌėĈÏ-
�ĈđÏ­��«óėđ�đĄ�êĈÏđÏóê�Ā�đÌģ�ĩ�ÏèĀáºèºêđ�đÏóêɐ

zÌÏĈ�Ĉđė³ĩ�ĄºĀóĄđĈ�qđ�Æº�ȩ�ĄºĈėáđĈ�ÄóĄ�đÌº�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê�Ĉº­đóĄ�
Ïê���ê�³�ɐ

Figure 1.2. Criteria 
for a useful transition 
pathway. The two-
mountain image is 
provided to stress 
the importance of 
pathways being 
capable of achieving 
longer term targets. 
Some climate change 
policies encourage 
dead end pathways 
to ‘false’ targets 
based only on 
incremental GHG 
reductions, but 
which are clearly are 
not on a pathway to a 
longer-term target.
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Executive Summary

mó�³�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê�ÏĈ�essential to the prosperity of Alberta 
and Canada,��ê³���è�ÛóĄ�ĈóėĄ­º�óÄ�ÆĄººêÌóėĈº�Æ�Ĉ�ɞ.6.ɟ�ºèÏĈĈÏóêĈɐ�
�ºđģººê�ȩȱȱȨ��ê³�ȪȨȩȮɊ�Ąó�³�ÄĄºÏÆÌđ�³ºè�ê³�Ïê��á«ºĄđ��Ïê­Ąº�Ĉº³�«ĩ�
ȩȮȭʘɊ�ĄºĹº­đÏêÆ�đÌº�ÏèĀóĄđ�ê­º��ê³�ĈđĄóêÆ�đÏºĈ�đÌÏĈ�Ĉº­đóĄ�Ì�Ĉ�đó�
đÌº�ÆĄóģÏêÆ�º­óêóèĩ�óÄ�đÌº�ĀĄóĢÏê­ºɐ��ÏºĈºá� ÏĈ�đÌº�³óèÏê�êđ�Äėºá�
ÄóĄ�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóêɐ

,óĄ� đÌº� ÄĄºÏÆÌđ� Ĉº­đóĄ� đó� �­ÌÏºĢº� đÌº�
­áÏè�đº� ­Ì�êÆº� đ�ĄÆºđĈ� đÌ�đ� Ì�Ģº� «ººê�
Ĉºđ� «ĩ� đÌº� i�êɢ��ê�³Ï�ê� ,Ą�èºģóĄÞɊȩ 
đĄ�êĈÄóĄè�đÏĢºɊ� ĈĩĈđºèɢáºĢºá� ­Ì�êÆºĈ�
�Ąº�êºº³º³ɐ�.ÏĢºê�đÌº�ê�ĄĄóģ�º­óêóè-
Ï­�è�ĄÆÏêĈ�ÄóĄ�Ĉė­­ºĈĈ�Ïê�đÌÏĈ�Ĉº­đóĄɊ�Ïđ�
ÏĈ� ³ÏĶ­ėáđ� đó� Ĉºº�Ìóģ� ­áÏè�đº� ­Ì�êÆº�
­óê­ºĄêĈ� �áóêº� ģÏáá� «º� Ĉė­­ºĈĈÄėá� Ïê�

³ĄÏĢÏêÆ��ê³��­ÌÏºĢÏêÆ�đÌº�è�ÆêÏđė³º�óÄ�ĈĩĈđºèĈ�­Ì�êÆº�ĄºăėÏĄº³ɐ

6óģºĢºĄɊ� đÌº� ÄĄºÏÆÌđ� Ĉº­đóĄ� �áĈó� Ä�­ºĈ� Ìº�áđÌ� �ê³� ºêĢÏĄóêèºêđ�á�
­óê­ºĄêĈ�Ĉė­Ì��Ĉ��ÏĄ�ĀóááėđÏóêɊ��­­Ï³ºêđĈ��ê³�­óêÆºĈđÏóêɊ��Ĉ�ģºáá��Ĉ�
«ėĈÏêºĈĈ�èó³ºá�ÏĈĈėºĈ�Ïê­áė³ÏêÆ�ÌÏÆÌ�óĀºĄ�đÏêÆ�­óĈđĈɊ�áóģ�è�ĄÆÏêĈɊ�
³ĄÏĢºĄ�ĈÌóĄđ�ÆºĈɊ�áÏèÏđº³��ĈĈºđ�ėđÏáÏį�đÏóê��ê³�áóģ�áó�³�Ä�­đóĄĈɐ�

�ÏĈĄėĀđÏóê�ÏĈ�­áº�Ąáĩ�óê�ÏđĈ�ģ�ĩ�ģÏđÌ��ėđóêóèóėĈ�đĄė­ÞĈɊ�ĢºÌÏ­áº�ºáº­-
đĄÏĸ­�đÏóêɊ�­óêêº­đº³�ĢºÌÏ­áºĈɊ�­óáá�«óĄ�đÏĢº�đĄ�êĈĀóĄđ�đÏóê�è�ê�Æº-
èºêđ� �ê³� đÌº� ĀÌĩĈÏ­�á� ÏêđºĄêºđɐ� zÌº� ÄĄºÏÆÌđ� Ĉº­đóĄ� ÏĈ� ĈđĄºĈĈº³� �ê³�
ĀóÏĈº³�ÄóĄ�đĄ�êĈÄóĄè�đÏĢº�­Ì�êÆºɐ

�óêêº­đº³��ėđóêóèóėĈ�ĢºÌÏ­áºĈ��ê³�«ÏÆɢ³�đ���Ąº�ĀºĄÌ�ĀĈ�đÌº�èóĈđ�
Ĉė«Ĉđ�êđÏĢº�ÄóĄ­ºĈ�ÄóĄ�ĈĩĈđºèĈ�­Ì�êÆº��ê³�đÌºĩ��Ąº�áÏÞºáĩ�đó�«ĄÏêÆ�
�áóêÆ� óđÌºĄ� ÏêêóĢ�đÏóêĈ� Ĉė­Ì� �Ĉ� ĢºÌÏ­áº� ºáº­đĄÏĸ­�đÏóêɐ� �ºĄđ�ÏêáĩɊ�
đÌº�èóĢºèºêđ�đó�ĢºÌÏ­áº�ºáº­đĄÏĸ­�đÏóê�ģóėá³�Ì�Ģº�đÌº�á�ĄÆºĈđ�Ïè-
Ā�­đ�óê��á«ºĄđ�ɭĈ�º­óêóèĩɊ�ģÌÏ­Ì�³ºĀºê³Ĉ�Ìº�ĢÏáĩ�óê��ê�óêÆóÏêÆ�
³ºè�ê³�ÄóĄ�³ÏºĈºá�Äėºáɐ���­Ąė­Ï�á�ăėºĈđÏóê�ÄóĄ��á«ºĄđ��ÏêĢóáĢºĈ�đÌº�
ÏèĀáÏ­�đÏóêĈ� ÄóĄ� đÌº� ĀĄóĢÏê­º� óÄ� «�đđºĄĩɢºáº­đĄÏ­� ĢºĄĈėĈ� Ìĩ³ĄóÆºê�
Äėºá�­ºáá�ºáº­đĄÏ­�Ìº�Ģĩ�³ėđĩ�ĢºÌÏ­áºĈ�ɞ6��ɟɐ��Ì�đ�ÏèĀ�­đ�ģóėá³�º�­Ì�
Ì�Ģº�óê�đÌº�đĄ�êĈĀóĄđ�đÏóê�Ĉº­đóĄ��ê³�óê�đÌº�º­óêóèĩ�óÄ�đÌº�ĀĄóĢ-
Ïê­º��ê³���ê�³�ɑ

1 https://www.canada.ca/en/services/environment/weather/climatechange/pan-canadian-framework.html

“The freight sector is 

stressed and poised for 

transformative change.”

https://www.canada.ca/en/services/environment/weather/climatechange/pan-canadian-framework.html%20
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zÌÏĈ�ĄºĀóĄđ�Ĉėèè�ĄÏįºĈ�đÌº�đĄºê³Ĉ��ê³�³ÏĈĄėĀđÏĢº�ÄóĄ­ºĈ�ÏèĀ�­đÏêÆ�
Æóó³Ĉ�èóĢºèºêđ�Ïê��á«ºĄđ���ê³���ê�³�Ɋ�ģÏđÌ���Ā�ĄđÏ­ėá�Ą�Äó­ėĈ�óê�
Ąó�³�ÄĄºÏÆÌđɐ�,ĄºÏÆÌđ�đĄ�êĈĀóĄđ�ÏĈ�ģÏ³ºáĩ�­óêĈÏ³ºĄº³�đó�«º�óê�đÌº�­ėĈĀ�
óÄ�đĄ�êĈÄóĄè�đÏĢº�­Ì�êÆºɊ�³ĄÏĢºê�«ĩ�đº­ÌêóáóÆĩɊ�«ėĈÏêºĈĈ�èó³ºá��ê³�
Ĉó­Ï�á�ÏêêóĢ�đÏóêĈ�ºèºĄÆÏêÆ�ÄĄóè�đÌº�³ÏÆÏđ�á�ĄºĢóáėđÏóê�ģÌÏ­Ì�Ì�Ĉ�
�áĄº�³ĩ�³ÏĈĄėĀđº³� đÌº�èėĈÏ­Ɋ� Ąºđ�ÏáɊ�«óóÞɊ�èóĢÏºɊ�êºģĈ�èº³Ï���ê³�
đºáº­óèèėêÏ­�đÏóê�Ĉº­đóĄĈɐ

zÌº��ėđÌóĄĈ�ÌóĀº�đÌ�đ���«ºđđºĄ�ėê³ºĄĈđ�ê³ÏêÆ�óÄ�đÌº�­Ì�ááºêÆºĈ��ê³�
óĀĀóĄđėêÏđÏºĈ�Ä�­ÏêÆ�đÌº�ÄĄºÏÆÌđ�Ĉº­đóĄ�ģÏáá�ÏêÄóĄè�ĀóáÏ­ĩ��ê³�ÏêĢºĈđ-
èºêđ�³º­ÏĈÏóêĈ�óê�Ìóģ�«ºĈđ�đó�³ÏĄº­đ�³ÏĈĄėĀđÏĢº�ÄóĄ­ºĈ�Ïê�đÌÏĈ�Ĉº­đóĄ�
đó� �­ÌÏºĢº� Ĉó­Ïºđ�á� Æó�áĈ� đÌ�đ� Ïê­áė³ºɊ� «ėđ� �Ąº�êóđ� áÏèÏđº³� đóɊ�.6.�
è�ê�Æºèºêđɐ

�ºáóģ� ÏĈ� �� Ĉėèè�Ąĩ� óÄ� đÌº�
ÌÏÆÌáÏÆÌđĈ� ÄĄóè� đÌº� ĸê³-
ÏêÆĈ��ê³�ÏêĈÏÆÌđĈ�óÄ�đÌÏĈ�Ąº-
ĀóĄđɊ� è�êĩ� óÄ� ģÌÏ­Ì� êºº³�
đó� «º� ­óêĈÏ³ºĄº³� Ïê� ³ºĢºá-
óĀÏêÆ� �� ĢÏĈÏóê� �ê³� ĈđĄ�đºÆĩ�
ÄóĄ� đĄ�êĈÄóĄè�đÏĢº� ĈĩĈđºèĈ�
­Ì�êÆºɐ

Greenhouse gas emissions from freight transport

zÌº� ÄĄºÏÆÌđ� đĄ�êĈĀóĄđ�đÏóê� Ĉº­đóĄ� ÏĈ� �� ĈÏÆêÏĸ­�êđ� ºèÏđđºĄ� óÄ� .6.�
ºèÏĈĈÏóêĈ�Ïê���ê�³���ê³��á«ºĄđ�Ɋ�­óêđĄÏ«ėđÏêÆɉ

 � ȯȨ�èÏááÏóê� đóêêºĈ� óÄ� �\Ȫº� Ïê� ��ê�³�ɕ� ȩȰ�èÏááÏóê� đóêêºĈ� Ïê�
�á«ºĄđ�

 � ȩȨʘ�óÄ���ê�³�ɭĈ��ê³�ȯʘ�óÄ��á«ºĄđ�ɭĈ�đóđ�á�.6.�ºèÏĈĈÏóêĈ�Ïê�
ȪȨȩȮ

mó�³�ÄĄºÏÆÌđ��­­óėêđĈ�ÄóĄ�ėĀ�đó�ȰȰʘ�óÄ�đÌº�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê�
Ĉº­đóĄɭĈ�.6.�ºèÏĈĈÏóêĈ�ģÌÏáº�èóĢÏêÆ�óêáĩ�óêºɢđÌÏĄ³�óÄ���ê�³�ɭĈ�
ÄĄºÏÆÌđ��ê³�ÛėĈđ�ėê³ºĄ�óêºɢÌ�áÄ�óÄ��á«ºĄđ�ɭĈ�ÄĄºÏÆÌđɐ��ÏºĈºá�Äėºá�ÏĈ�đÌº�
³óèÏê�êđ�Äėºá�ÄóĄ�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóêɐ

Canada’s prosperity and livelihood depends on the strength 

of its freight systems

�ºè�ê³� ÄóĄ� ÄĄºÏÆÌđ� đĄ�êĈĀóĄđ�đÏóê� ÏĈ� ­áóĈºáĩ� đÏº³� đó� º­óêóèÏ­�
ÆĄóģđÌɐ�9ê���ê�³�Ɋ�ºĢºĄĩ�³óáá�Ą�óÄ�.�i�ÏĈ��ĈĈó­Ï�đº³�ģÏđÌ�ȨɐȭȪ�đóêêº�
ÞÏáóèºđºĄĈ�ɞzGQɟ�óÄ�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóêɕ�Ïê��á«ºĄđ�Ɋ�ȨɐȮȭ�zGQĈ�
�Ąº�èóĢº³�ĀºĄ�ɴ.�iɐ

“A crucial question for Alberta 

involves the implications for the 

province of battery electric versus 

hydrogen fuel cell electric vehicles.” 
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�ºè�ê³�ÄóĄ�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê�Ì�Ĉ�«ººê�ÆĄóģÏêÆ�èóĄº�Ą�ĀÏ³áĩ�Ïê�
�á«ºĄđ��đÌ�ê�đÌº�ê�đÏóê�á��ĢºĄ�Æºɐ��ºđģººê�ȩȱȱȨ��ê³�ȪȨȩȮɊ��á«ºĄđ��
³ºè�ê³�Ì�Ĉ�ÆĄóģê�«ĩ�ȩȨȯʘɊ�ģÌÏáº���ê�³��Ì�Ĉ�ÆĄóģê�«ĩ�ȭȩʘɐ�zÌÏĈ�
ÏĈ�³ºĈĀÏđº��� á�ĄÆº�³º­áÏêº� Ïê�ÄĄºÏÆÌđ�èóĢºèºêđ� Ïê��á«ºĄđ��«ºđģººê�
ȪȨȩȬ��ê³�ȪȨȩȮɐ

mó�³� ÄĄºÏÆÌđ�Ì�Ĉ� «ººê� óėđĀ�­ÏêÆ� ÆĄóģđÌ� Ïê� óđÌºĄ�èó³ºĈɊ� Ĉė­Ì� �Ĉ�
Ą�ÏáɊ�đÌ�đ�Ì�Ģº�áóģºĄ�.6.�ÏêđºêĈÏđÏºĈɐ�zÌÏĈ�Ì�Ĉ�­�ėĈº³���èėáđÏĀáÏ­-
�đÏĢº�ºĵº­đ� đó�.6.�ºèÏĈĈÏóêĈ� Ïê� đÌº� ÄĄºÏÆÌđ�Ĉº­đóĄɐ��ºđģººê�ȩȱȱȨ�
�ê³�ȪȨȩȮɊ��á«ºĄđ�ɭĈ�Ąó�³�ÄĄºÏÆÌđ�³ºè�ê³�Ì�Ĉ�ÆĄóģê�«ĩ�ȩȮȭʘɊ�ģÌÏáº�
��ê�³��Ì�Ĉ�ÆĄóģê�«ĩ�ȱȯʘɐ

zÌº� ĈÌÏÄđ� đó� Ąó�³� ÄĄºÏÆÌđ� ­�ê�«º� ºĨĀá�Ïêº³�«ĩ� đÌº� ÄĄºÏÆÌđ� ĈĩĈđºè�
ĄºĈĀóê³ÏêÆ� đó� ­Ì�êÆÏêÆ�³ĩê�èÏ­Ĉ� óÄ� đÌº� º­óêóèĩ� Ĉė­Ì� �Ĉ� ĈÌóĄđ�
³ºáÏĢºĄĩ�đÏèºĈɊ�ÛėĈđɢÏêɢđÏèº�³ºáÏĢºĄĩ��ê³�ºɢ­óèèºĄ­ºɐ

zÌºĄº�ÏĈ�Æáó«�á��ê³�ê�đÏóê�á�ºĢÏ³ºê­º�đÌ�đ���ê�³�ɭĈ�ÄĄºÏÆÌđ�ĈĩĈđºèĈ�
�Ąº�­ėĄĄºêđáĩ�ĈđĄºĈĈº³�Ïê�đÌºÏĄ��«ÏáÏđĩ�đó�ĈėĀĀóĄđ�đÌº�º­óêóèĩɐ

The Scale and Dynamics of the Road Freight Sector

9đ� ÏĈ� ºĈđÏè�đº³� đÌ�đ� đÌºĄº� �Ąº� �«óėđ� ȫȨȨɊȨȨȨ� Ìº�Ģĩ� ³ėđĩ� ĢºÌÏ­áºĈ�
ɞ6��ɟ�ėĈº³�Ïê�ÄĄºÏÆÌđ�ĈºĄĢÏ­º�ģÏđÌ��«óėđ�ȫȮɊȨȨȨ�êºģ�6��Ĉ��³³º³�đó�
đÌº�Ĺººđ�ĀºĄ�ĩº�Ą�ɞȪȨȩȮɟɐ�zÌº�Ä�Ĉđ�đėĄêóĢºĄ�Ą�đº�ĀĄóĢÏ³ºĈ��ê�óĀĀóĄ-
đėêÏđĩ�đó�ÏêđĄó³ė­º�êºģ�đº­ÌêóáóÆĩɐ

�ÌÏáº�ĀóáÏ­ÏºĈ�Ì�Ģº�áº³�đó�ÏèĀĄóĢºèºêđĈ�Ïê�6���Äėºá�ºĶ­Ïºê­ĩɊ�đÌÏĈ�
Ì�Ĉ�êóđ�đĄ�êĈá�đº³�Ïêđó�ÏèĀĄóĢº³�ºêºĄÆĩ�ÏêđºêĈÏđĩ�ɞđÌº�ºêºĄÆĩ�ėĈº³�
đó�èóĢº���đóêêº�óÄ�ÄĄºÏÆÌđ�óêº�ÞÏáóèºđºĄɟɐ�zÌÏĈ�­óėá³�«º�ºĨĀá�Ïêº³�
«ĩ�ĈėĀĀáĩ�­Ì�ÏêĈ�ĀĄÏóĄÏđÏįÏêÆ�ĈÌóĄđɊ�ĹºĨÏ«áº�³ºáÏĢºĄĩ�đÏèºĈ�óĢºĄ�áó�³�
óĀđÏèÏį�đÏóêɐ

zÌº�ĀĄóĸđ�è�ĄÆÏêĈ�ÄóĄ�đĄė­ÞÏêÆ��Ąº�Ĉè�áá��ê³�áÏÞºáĩ�­óêđĄÏ«ėđº�đó���
­óèĀºđÏđÏĢºɊ�èÏĈđĄėĈđÄėá�­ėáđėĄº�đÌ�đ�Ì�Ĉ�«ººê�ĄºĀóĄđº³�đó�­Ì�Ą�­đºĄ-
Ïįº�đÌº�Ĉº­đóĄɐ�,ėĄđÌºĄèóĄºɊ�đÌº�Ĉº­đóĄ�ÏĈ�³ÏĈĀºĄĈº³��­ĄóĈĈ�èóĄº�đÌ�ê�
ȬȨɊȨȨȨ�­�ĄĄÏºĄĈɊ�èóĈđ�óÄ�ģÌÏ­Ì��Ąº�ĢºĄĩ�Ĉè�ááɊ�­Ąº�đÏêÆ���ÄĄ�Æèºêđº³�
Ïê³ėĈđĄĩ�đÌ�đ�á�­ÞĈ���ėêÏĸº³�ĢóÏ­ºɐ

I�«óėĄ�ÏĈ���á�ĄÆº�­óĈđ�­óèĀóêºêđ�ÄóĄ��ê�Ïê³ėĈđĄĩ�đÌ�đ�ÏĈ���ĈÏÆêÏĸ­�êđ�
ºèĀáóĩºĄ�ÄóĄ���ê�³���ê³��á«ºĄđ�ɐ�6óģºĢºĄɊ� đÌº� Ïê³ėĈđĄĩ� ÏĈ� Ä�­ÏêÆ�
��ĈºĢºĄº�á�«óėĄ�ĈÌóĄđ�Æº�Ïê�đÌº�ĩº�ĄĈ�đó�­óèº�đÌ�đ�ģÏáá�êºº³�đó�«º�
�³³ĄºĈĈº³�ÄóĄ�đÌº�Ĉº­đóĄ�đó�Ąºè�Ïê�­óèĀºđÏđÏĢºɐ

�áđÌóėÆÌ� ĀĄó³ė­đÏĢÏđĩ� Ì�Ĉ� «ººê� ÏèĀĄóĢÏêÆɊ� óĢºĄ�áá� ĀºĄÄóĄè�ê­º�
­óêđÏêėºĈ�đó�ÏèĀ�­đ�đÌº�Ïê³ėĈđĄĩɭĈ��«ÏáÏđĩ�đó�ɞȩɟ�ĈėĀĀóĄđ�º­óêóèÏ­�
ÆĄóģđÌɊ�ɞȪɟ�óĀđÏèÏįº�ÏđĈ��ĈĈºđ�ėđÏáÏį�đÏóêɊ�ɞȫɟ�óĢºĄ­óèº�³ĄÏĢºĄ�ĈÌóĄđ-
�Æº��ê³�ɞȬɟ�­óêđĄÏ«ėđº�đó�đÌº�Ĉó­Ïºđ�á�­óĈđĈ�óÄ�Ąó�³�­óêÆºĈđÏóê�ÄóĄ��áá�
Ąó�³�ėĈºĄĈɐ
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System Impact on Health and the Environment

QóđóĄ�ĢºÌÏ­áº�Ĉ�Äºđĩ�Ì�Ĉ�ÏèĀĄóĢº³�Ïê�Ąº­ºêđ�³º­�³ºĈ�«ėđ�Ąºè�ÏêĈ���
ĈºĄÏóėĈ�­óê­ºĄê�ÄóĄ�đÌº�Ąó�³�ÄĄºÏÆÌđ�Ïê³ėĈđĄĩɐ

mó�³�ÄĄºÏÆÌđ��­­Ï³ºêđĈ�Ì�Ģº�«ººê�áÏêÞº³�đó�Ïê�³ºăė�đº�đĄ�ÏêÏêÆ��ê³�
³ĄÏĢºĄ�Ä�đÏÆėºɐ

�ÏĄ�ĀóááėđÏóê�ÏĈ���ÆĄóģÏêÆ�­óê­ºĄê�ÄóĄ�Ąó�³�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê��ê³�
è�êĩ�èėêÏ­ÏĀ�áÏđÏºĈ��Ąóėê³�đÌº�ģóĄá³�Ì�Ģº�đ�Þºê�ĈđºĀĈ�đó�«�ê�đÌº�
ėĈº�óÄ�³ÏºĈºá�­óè«ėĈđÏóê�ºêÆÏêºĈ�ģÏđÌÏê�đÌºÏĄ�­Ïđĩ�áÏèÏđĈɐ�\đÌºĄĈ�Ì�Ģº�
�êêóėê­º³�«�êĈ�đÌ�đ�ģÏáá�«º�ÏèĀáºèºêđº³�«ºđģººê�ȪȨȫȨ��ê³�ȪȨȬȨɐ

GHG Mitigation Strategies

,�­đóĄĈ� ­óêđĄÏ«ėđÏêÆ� đó� đÌº� Ïê­Ąº�Ĉº� Ïê� đĄ�êĈĀóĄđ�đÏóêɢĄºá�đº³� .6.�
ºèÏĈĈÏóêĈ�Ïê­áė³º�³ºè�ê³�ɞ�­đÏĢÏđĩɟɊ�èó³º�ĈÌ�ĄºɊ�ºêºĄÆĩ�ÏêđºêĈÏđĩ��ê³�
Äėºá�­�Ą«óê�­óêđºêđɊ�ģÏđÌ��­đÏĢÏđĩ�ÆĄóģđÌ�«ºÏêÆ�đÌº�³óèÏê�êđ�Ä�­đóĄɐ

q­ºê�ĄÏó� �ê�áĩĈÏĈ� ĈÌóģĈ� đÌ�đ�èó³º� ­Ì�êÆº� �ê³� ºêºĄÆĩ� ºĶ­Ïºê­ĩ�
ĈđĄ�đºÆÏºĈ��Ąº�ÏèĀóĄđ�êđɊ�«ėđ�Ïê­�Ā�«áº�óÄ�Ąº³ė­ÏêÆ�.6.�ºèÏĈĈÏóêĈ�
èė­Ì�«ºáóģ�ȪȨȨȭ�áºĢºáĈɐ

zó� óĢºĄ­óèº� đÌº� ėĀģ�Ą³� ĀĄºĈĈėĄº� ­�ėĈº³� «ĩ� ³ºè�ê³� ÆĄóģđÌɊ� ��
đĄ�êĈÏđÏóê�đó�ĢºĄĩ�áóģɢ�óĄ�įºĄóɢºèÏĈĈÏóê�ÄėºáĈ�ÏĈ�ėĄÆºêđáĩ�êºº³º³ɐ

Forces for Systems Change

�ÌÏáº�.6.�ºèÏĈĈÏóêĈ��Ąº���è�ÛóĄ�­óê­ºĄê�ģÏđÌ�đÌº�Ĉº­đóĄɊ�Ïđ�ÏĈ�êóđ�
đÌº� óêáĩ� ­óê­ºĄêɐ� �³³ĄºĈĈÏêÆ� Ĉóèº�óÄ� đÌº� óđÌºĄ� ÏèĀóĄđ�êđ� ÏĈĈėºĈ�
ģóėá³��đđĄ�­đ�ĈėĀĀóĄđ�ÄĄóè�đÌº�Ïê³ėĈđĄĩ��ê³�đÌº�ÆºêºĄ�á�Āė«áÏ­�đó�
�­ÌÏºĢº�đĄ�êĈÄóĄè�đÏĢº�­Ì�êÆº�Ïê�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê�ĈĩĈđºèĈɐ

zÌºĄº� �Ąº� è�êĩ� ÏêêóĢ�đÏóêĈ� ºèºĄÆÏêÆ� đó� ĀóđºêđÏ�ááĩ� ³ÏĈĄėĀđ� đÌº�
Ąó�³�ÄĄºÏÆÌđ�Ĉº­đóĄɊ��ê³�ĈºĢºĄ�á�óÄ� đÌºĈº�ĈÌóģ�ĀĄóèÏĈº�đó�«º�«óđÌ�
­Ąº³Ï«áº� �ê³� ­óèĀºááÏêÆɊ� ºĈĀº­Ï�ááĩ� ģÌºê� ĈđĄ�đºÆÏ­�ááĩ� ­óè«Ïêº³�
�ê³�³ÏĄº­đº³ɐ

 � "áº­đĄÏĸ­�đÏóê�óĀđÏóêĈ�ÄóĄ�6��Ĉ��Ąº�ăėÏ­Þáĩ�«ºÏêÆ��³Ģ�ê­º³Ɋ�
ÆºêºĄ�đÏêÆ� ºĨ­Ïđºèºêđ� Ïê� đÌº� Ąó�³� ÄĄºÏÆÌđ� Ĉº­đóĄ� ÄóĄ� đÌºÏĄ�
ºêĢÏĄóêèºêđ�á� �ê³� óĀºĄ�đÏóê�á� «ºêºĸđĈɐ� zģó� óÄ� đÌº�èóĈđ�
ĀĄóèÏĈÏêÆ�ºáº­đĄÏĸ­�đÏóê�óĀđÏóêĈ� Ïê�SóĄđÌ��èºĄÏ­�� Ïê­áė³º�
đÌº�«�đđºĄĩ�ºáº­đĄÏ­��ê³�đÌº�Ìĩ³ĄóÆºê�Äėºá�­ºáá�ºáº­đĄÏ­�6��ɐ�

 � �ėđóêóèóėĈ� đº­ÌêóáóÆĩɊ� Ïê� ÏđĈ� Ģ�ĄÏóėĈ� ÄóĄèĈɊ� Ì�Ĉ� «ºêºĸđĈ�
Ïê­áė³ÏêÆ�ÏèĀĄóĢº³�Ĉ�ÄºđĩɊ�Äėºá�ºĶ­Ïºê­ĩ��ê³�á�«óėĄ�ĀĄó³ė­-
đÏĢÏđĩɊ��ê³��đ���Äėááĩ�³ĄÏĢºĄáºĈĈ� áºĢºáɊ�óĀºĄ�đÏêÆ�­óĈđĈ�­�ê�«º�
Ĉė«Ĉđ�êđÏ�ááĩ�Ąº³ė­º³ɐ
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CESAR SCENARIOS

 � �óêêº­đº³�ĢºÌÏ­áºĈ��«áº�đó�­óèèėêÏ­�đº�ģÏđÌ�đÌºÏĄ�ĈėĄĄóėê³ÏêÆĈ�
�ê³�ĢºÌÏ­áºĈ� đÌ�đ�ėĈº� đºáºè�đÏ­Ĉ��ê³�đÌº� 9êđºĄêºđ�óÄ�zÌÏêÆĈ� đó�
­óèèėêÏ­�đº�ĀºĄÄóĄè�ê­ºɊ�Ì�Ģº�Ĉ�ÄºđĩɊ�ºĶ­Ïºê­ĩɊ�ê³�ĀĄó³ė­-
đÏĢÏđĩ�«ºêºĸđĈɐ

 � �óáá�«óĄ�đÏĢº�zĄ�êĈĀóĄđ�đÏóê�Q�ê�Æºèºêđ� ÏĈ��ê�ºĨ�èĀáº�óÄ�
�� Ĉó­Ï�á� �ê³�«ėĈÏêºĈĈ�èó³ºá� ÏêêóĢ�đÏóê� đÌ�đ� ºê­óėĄ�ÆºĈ��ê�
óĀºê� ºĨ­Ì�êÆº� óÄ� ÏêÄóĄè�đÏóêɊ� �áóêÆ� ģÏđÌ� ÛóÏêđ� đĄ�êĈĀóĄ-
đ�đÏóê� �ê³� áóÆÏĈđÏ­Ĉ� Āá�êêÏêÆɊ� «ºđģººê� óĄÆ�êÏį�đÏóêĈ� ģÏđÌ�
­óèèóê�êºº³Ĉɐ

 � zÌº�ĀÌĩĈÏ­�á�9êđºĄêºđ�­óê­ºĀđ�ÏêđºÆĄ�đºĈ�è�êĩ�óÄ�đÌº��«óĢº�
ÏêêóĢ�đÏóêĈ� đó� ­Ąº�đº� �� ÆĄ�ê³� ĢÏĈÏóê� ÄóĄ� ÄĄºÏÆÌđ� đĄ�êĈĀóĄđ�
ģÌºĄº«ĩ� Æóó³Ĉ� �Ąº� đĄ�êĈĀóĄđº³� Ïê� đÌº� Ĉ�èº� ģ�ĩ� đÌ�đ� ³�đ��
èóĢºĈ�óĢºĄ�đÌº�ÏêđºĄêºđɐ�zÌº�ĀÌĩĈÏ­�á�ÏêđºĄêºđ�Ïê­áė³ºĈ�ėđÏá-
ÏįÏêÆ� Ĉđ�ê³�Ą³Ïįº³� ÏêđºĄáó­ÞÏêÆ� ­óêđ�ÏêºĄĈ� èóĢÏêÆ� �­ĄóĈĈ�
èėáđÏĀáº�èó³ºĈ��ê³�­�ĄĄÏºĄĈɊ��ê³�ÏêđºĄ­Ì�êÆº�áó­�đÏóêĈ�«�Ĉº³�
óê��áÆóĄÏđÌèĈ��ê³�ĀĄº³ºđºĄèÏêº³�­ĄÏđºĄÏ��ɡ��áá�đó�áóģºĄ�­óĈđĈ�
�ê³�ºêÌ�ê­º�óĀºĄ�đÏóê�á�ºĶ­Ïºê­ĩɐ

Directing Systems Change

qóèº�Ïê­Ąºèºêđ�á�ÏèĀĄóĢºèºêđ�Ì�Ĉ�«ººê�Ĉººê�Ïê�Ąº­ºêđ�ĩº�ĄĈɊ�Ïê³Ï-
­�đÏêÆ�đÌ�đ�đÌº�Ĉº­đóĄ�è�ĩ�«º�Ąº­ºĀđÏĢº�đó�­Ì�êÆºɐ

zÌº�ģÏ³º�Ą�êÆº�óÄ�º­óêóèÏ­Ɋ�ºêĢÏĄóêèºêđ�á��ê³�Ìº�áđÌ�ÏĈĈėºĈ�Ä�­ÏêÆ�
đÌº�Ĉº­đóĄ�ĈėÆÆºĈđĈ�đÌ�đ�đÌÏĈ�Ïê³ėĈđĄĩ�ÏĈ�ĀóÏĈº³�ÄóĄ�á�ĄÆºĄ�đĄ�êĈÄóĄè-
�đÏĢº� ĈĩĈđºèĈ� ­Ì�êÆºɊ� đÌĄóėÆÌ� �³óĀđÏêÆ� ³ÏĈĄėĀđÏĢº� đº­ÌêóáóÆÏ­�áɊ�
Ĉó­Ï�áɊ��ê³�«ėĈÏêºĈĈ�èó³ºá�ÏêêóĢ�đÏóêĈ�ºèºĄÆÏêÆ�đó��³³ĄºĈĈ�đÌóĈº�
ÏĈĈėºĈɐ

zÌº� ­Ì�ááºêÆº�ģÏáá� «º� đó� ĈđĄ�đºÆÏ­�ááĩ� ³ÏĄº­đɊ� ÆėÏ³º� �ê³� óđÌºĄģÏĈº�
êė³Æº�đÌº�³ÏĈĄėĀđÏóê�đó��đđ�Ïê���«�á�ê­º�óÄ�º­óêóèÏ­��ê³�ºêĢÏĄóê-
èºêđ�á� ó«Ûº­đÏĢºĈɊ� Ïê­áė³ÏêÆ� èººđÏêÆ� ��ê�³�ɭĈ� ­áÏè�đº� ­Ì�êÆº�
­óèèÏđèºêđĈɐ

zÌº�ºáº­đĄÏĸ­�đÏóê�óÄ�Ąó�³�ÄĄºÏÆÌđ�ĀĄóĢÏ³ºĈ�đÌº�óĀĀóĄđėêÏđĩ�đó�ºáÏèÏê-
�đº�đ�ÏáĀÏĀº�ºèÏĈĈÏóêĈ��ê³Ɋ�ģÌºê�­óè«Ïêº³�ģÏđÌ�óđÌºĄ�ÏêêóĢ�đÏóêĈ�áÏÞº�
đÌº��ėđóêóèóėĈ�đĄė­Þ��ê³�³ÏÆÏđ�á�­óêêº­đÏĢÏđĩɊ�Ïđ�ÏĈ�º�Ĉĩ�đó�ºêĢÏĈÏóê�ÏđĈ�
Ąóáº�Ïê�đÌº�ÄėđėĄº�óÄ�ÄĄºÏÆÌđɐ

�� ­Ąė­Ï�á� ăėºĈđÏóê� ÄóĄ� �á«ºĄđ�� ÏêĢóáĢºĈ� đÌº� ÏèĀáÏ­�đÏóêĈ� ÄóĄ� đÌº�
ĀĄóĢÏê­º�óÄ�«�đđºĄĩ�ºáº­đĄÏ­�ĢºĄĈėĈ�Ìĩ³ĄóÆºê�Äėºá�­ºáá�ºáº­đĄÏ­�6��Ĉɐ�
�ÌÏ­Ì�đĄ�êĈÄóĄè�đÏĢº�đº­ÌêóáóÆĩ�ÏĈ�«ºđđºĄ�ÄóĄ�đÌº�Þºĩ�Ïê³ėĈđĄĩ�Ĉº­-
đóĄĈ�ɞÄĄºÏÆÌđ�đĄ�êĈĀóĄđɊ�óÏá��ê³�Æ�ĈɊ�ºáº­đĄÏ­Ïđĩ�ÆºêºĄ�đÏóêɟ��ê³�đÌº�
º­óêóèĩ�óÄ�đÌº�ĀĄóĢÏê­º��ê³���ê�³�ɑ
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1. Introduction

,ĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê�ÏĈ�ĢÏđ�á�đó���ê�³���ê³���ê�³Ï�êĈɐ��ĩ�èóĢÏêÆ�
Æóó³Ĉ��ê³�­óèèó³ÏđÏºĈ�«ºđģººê�áÏêÞĈ�Ïê�đÌº�ĈėĀĀáĩ�­Ì�ÏêɊ�ÄĄºÏÆÌđ�
đĄ�êĈĀóĄđ�đÏóê��­đĈ��Ĉ���­óê³ėÏđ�đó�ĈėĀĀóĄđ�«óđÌ�đÌº�º­óêóèĩ��ê³�
��ê�³Ï�êĈɭ�ģºáá«ºÏêÆɐ

,ĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê�ÏĈ��áĈó���á�ĄÆº�­óêĈėèºĄ�óÄ�ÄóĈĈÏá�ÄėºáĈ��ê³�
đÌºĄºÄóĄº� ��è�ÛóĄ� ­óêđĄÏ«ėđóĄ� óÄ� .6.� ºèÏĈĈÏóêĈɐ� zÌÏĈ�è�ÞºĈ� đÌº�
Ĉº­đóĄ��ê�ó«ĢÏóėĈ�đ�ĄÆºđ�ÄóĄ�­áÏè�đº�­Ì�êÆº�ÏêÏđÏ�đÏĢºĈ�đÌ�đ�­�ê�ÌºáĀ�
��ê�³�� Ąº�­Ì� ÏđĈ� ȪȨȫȨ�.6.� Ąº³ė­đÏóê� ­óèèÏđèºêđĈ� ɞȫȨʘ� Ąº³ė­-
đÏóê�«ºáóģ�ȪȨȨȭ�áºĢºá�óÄ�ºèÏĈĈÏóêĈɟ�ɜȩɝ��ê³�³ó�ÏđĈ�ĈÌ�Ąº�đó�­óêĈđĄ�Ïê�
Æáó«�á�ģ�ĄèÏêÆ�đó�ʐȪo��«ĩ�ȪȨȭȨɐ�

zó�³�đºɊ�đº­ÌêóáóÆĩ��ê³�ĀóáÏ­ĩ�èº�ĈėĄºĈ�đó�Ąº³ė­º�.6.�ºèÏĈĈÏóêĈ�
Ì�Ģº� Äó­ėĈº³� óê� ÏèĀĄóĢÏêÆ� đÌº� ºĶ­Ïºê­ĩ� óÄ� ³ÏºĈºá� ºêÆÏêºĈ� ɜȪɝɊ�
Ąº³ė­ÏêÆ�ģÏê³��ê³�Ąó�³�ĄºĈÏĈđ�ê­º�ɜȫɝ��ê³�Ïê­óĄĀóĄ�đÏêÆ�«ÏóÄėºáĈ�
ɞºɐÆɐ�«Ïó³ÏºĈºáɟ�Ïêđó�đÌº�Äėºá�èÏĨ�ɜȬɝɐ��ºĈĀÏđº�đÌºĈº�èº�ĈėĄºĈɊ�.6.�
ºèÏĈĈÏóêĈ� ÄĄóè� Ìº�Ģĩ� ³ėđĩ� ³ÏºĈºá� ĢºÌÏ­áºĈ� Ïê� ��ê�³�� Ì�Ĉ� ĄÏĈºê 
ÄĄóè�ȩȫ�Qđ��\Ȫºɖĩº�Ą�Ïê�ȩȱȱȨ�đó�ȫȯ�Qđ�Ïê�ȪȨȨȭ��ê³�ȬȮ�Qđ��\Ȫºɖ
ĩĄ� Ïê�ȪȨȩȮ� ɜȭɝɐ��áº�ĄáĩɊ���êºģ��ĀĀĄó�­Ì� ÏĈ�êºº³º³� đó� Ïê­ºêđÏĢÏįº�
đĄ�êĈÄóĄè�đÏĢºɊ�Ą�đÌºĄ�đÌ�ê�Ïê­Ąºèºêđ�áɊ�­Ì�êÆºĈ�Ïê�đÌÏĈ�Ĉº­đóĄɐ

9ê�Ąº­ºêđ�³º­�³ºĈɊ�đĄ�êĈÄóĄè�đÏĢº�­Ì�êÆºĈ�Ì�Ģº�«ººê�Ĉººê�Ïê�è�êĩ�
óđÌºĄ� º­óêóèÏ­�ááĩɢÏèĀóĄđ�êđ� Ĉº­đóĄĈɊ� Ïê­áė³ÏêÆ� èėĈÏ­Ɋ� èóĢÏºĈɊ�
«óóÞĈɊ�ĀÌóđóÆĄ�ĀÌĩɊ�èº³Ï���ê³�đºáº­óèèėêÏ­�đÏóêĈɐ�6óģºĢºĄɊ�đÌº�
đº­ÌêóáóÆÏ­�áɊ�«ėĈÏêºĈĈ�èó³ºá��ê³�Ĉó­Ï�á�ÏêêóĢ�đÏóêĈ�³ĄÏĢÏêÆ�­Ì�ê-
ÆºĈ� Ïê� đÌóĈº� Ĉº­đóĄĈ� ĀĄóèÏĈº³� �ê³� ³ºáÏĢºĄº³� ÏèĀĄóĢº³� ºĶ­Ïºê­ĩɊ�
­óèÄóĄđɊ� ĈºĄĢÏ­ºɊ� ­óêĢºêÏºê­ºɊ� ĄºđėĄêɢóêɢÏêĢºĈđèºêđ� �ê³� ăė�áÏđĩ�
óÄ�áÏÄºɊ�êóđ�ºêĢÏĄóêèºêđ�á�«ºêºĸđĈɐ�9đ�ĈººèĈ�áÏÞºáĩ�đÌ�đ�đÌº��đđĄÏ«-
ėđºĈ� đÌºĩ�óĵºĄº³� �Ąº�èóĄº� ­óèĀºááÏêÆ� đó� ɫÞºĩ� Ĉđ�ÞºÌóá³ºĄĈɭ� đÌ�ê�
đÌº�ĀĄóèÏĈº�óÄ�áóģºĄ�.6.�ºèÏĈĈÏóêĈ��ê³���èóĄº�Ĉđ�«áº�­áÏè�đº�ÄóĄ�
ÄėđėĄº�ÆºêºĄ�đÏóêĈɐ

9ê�đÌº�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê�Ĉº­đóĄɊ�đÌº�Þºĩ�Ĉđ�ÞºÌóá³ºĄĈ��Ąº�­áº�Ąáĩ�
đÌº�­óèĀ�êÏºĈ�đÌ�đ�ĀĄóĢÏ³º�đÌº�đĄ�êĈĀóĄđ�đÏóê�ĈºĄĢÏ­º�đó�ºÏđÌºĄ�èóĢº�
đÌºÏĄ�óģê�Æóó³ĈɊ�óĄ�đó�ĀĄóĢÏ³º���ÄĄºÏÆÌđ�ĈºĄĢÏ­º�ÄóĄ�óđÌºĄĈɐ�9Ä�đÌºĄº��Ąº�
èóėêđÏêÆ� ÄóĄ­ºĈ� ÄóĄ� đĄ�êĈÄóĄè�đÏĢº� ĈĩĈđºèĈ� ­Ì�êÆº� Ïê� đÌº� ÄĄºÏÆÌđ�
đĄ�êĈĀóĄđ�đÏóê� Ĉº­đóĄɊ� đÌºĄº� è�ĩ� «º� óĀĀóĄđėêÏđÏºĈ� đó� Ì�ĄêºĈĈ� óĄ�
óđÌºĄģÏĈº�³ÏĄº­đ�đÌºĈº�ÄóĄ­ºĈ�đó��­ÌÏºĢº�èėáđÏĀáº�Ĉó­Ïºđ�á�«ºêºĸđĈɊ�
Ïê­áė³ÏêÆ�­áÏè�đº�­Ì�êÆº�èÏđÏÆ�đÏóêɐ

zÌÏĈ�ĄºĀóĄđ��ÏèĈ�đó�ėê³ºĄĈđ�ê³�đÌº�ÄĄºÏÆÌđ�Ĉº­đóĄ�Ïê���ê�³���ê³�Ïê�
�á«ºĄđ�Ɋ�Ïê­áė³ÏêÆ�đÌºɉ

 � q­�áº��ê³�Ąóáº�óÄ�đÌº�Ĉº­đóĄ�Ïê�đÌº�º­óêóèĩɕ
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CESAR SCENARIOS

 � mº­ºêđ�đĄºê³Ĉ�Ïê�đÌº�Ĉº­đóĄɊ��ê³�ģÌ�đ�ÏĈ�³ĄÏĢÏêÆ�ɞóĄ�êóđ�³ĄÏĢÏêÆɟ�
đÌóĈº�đĄºê³Ĉɕ

 � qđĄºêÆđÌĈ��ê³�ģº�ÞêºĈĈºĈ�óÄ�đÌº�Ĉº­đóĄɕ

 � zÌº�³ÏĈĄėĀđÏĢº�đº­ÌêóáóÆĩɊ�«ėĈÏêºĈĈ�èó³ºáĈ��ê³�Ĉó­Ï�á�ÏêêóĢ�đÏóêĈ�
đÌ�đ�Ì�Ģº�đÌº�ĀóđºêđÏ�á�đó�³ĄÏĢº�ĈĩĈđºèĈ�­Ì�êÆºɐ

zÌº��ėđÌóĄĈ�ÌóĀº�đÌº�ÏêĈÏÆÌđĈ�Æ�Ïêº³�ÄĄóè�đÌÏĈ�ĄºĀóĄđ�ģÏáá�ÏêÄóĄè���
³ººĀºĄ��ê�áĩĈÏĈ�óÄ�ĀóĈĈÏ«áº�ĢÏĈÏóêĈ��ê³�Ā�đÌģ�ĩĈ�ÄóĄ�đĄ�êĈÄóĄèÏêÆ�đÌÏĈ�
ÏèĀóĄđ�êđ�Ĉº­đóĄ�Ïê�đÌº���ê�³Ï�ê�º­óêóèĩɊ�đó�êóđ�óêáĩ�ºêÌ�ê­º�ÏđĈ�ºê-
ĢÏĄóêèºêđ�á�ĀºĄÄóĄè�ê­ºɊ�«ėđ�đó�è�Þº�đÌº�Ĉº­đóĄ�èóĄº�­óèĀºđÏđÏĢº��ê³�
ºêÌ�ê­º�đÌº�­óêđĄÏ«ėđÏóê�Ïđ�è�ÞºĈ�đó�đÌº�ăė�áÏđĩ�óÄ�áÏÄº�óÄ���ê�³Ï�êĈɐ

�ÌºĄº�³�đ��ÏĈ��Ģ�Ïá�«áºɊ�đÌº�ĄºĀóĄđ��áĈó�Äó­ėĈºĈ�óê�đÌº�ĈÏđė�đÏóê�Ïê�
�á«ºĄđ�Ɋ���ĀĄóĢÏê­º�ģÏđÌ�ĀºĄ�­�ĀÏđ�á�³ÏºĈºá�ėĈº�Ïê�Ìº�Ģĩ�³ėđĩ�đĄė­ÞÏêÆ�
đÌ�đ�ÏĈ�Ȫɐȫ�đÏèºĈ�ÆĄº�đºĄ�đÌ�ê�đÌº�ê�đÏóê�á��ĢºĄ�Æº�ɜȮɝɐ

2. An Overview of the Freight 

Transportation Sector

zÌº�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê�Ĉº­đóĄ�Ïê���ê�³��­óêđĄÏ«ėđº³�ȯȨ�èÏááÏóê�
đóêêºĈ�óÄ�­�Ą«óê�³ÏóĨÏ³º�ºăėÏĢ�áºêđĈ�ɞQđ��\Ȫºɟ�Ïê�ȪȨȩȮ�ɜȭɝɊ�ĄºĀĄº-
ĈºêđÏêÆ�ȩȨʘ�óÄ���ê�³�ɭĈ�đóđ�á�.6.�ºèÏĈĈÏóêĈ�ɞFigure 2.1Aɟɐ�\Ä�đÌÏĈ�
�èóėêđɊ� đÌº�Ąó�³�ÄĄºÏÆÌđ�Ĉº­đóĄ�­óêđĄÏ«ėđº³�ȭȱ�Qđ�\Ȫº�óĄ�ȰȬʘ�óÄ�
đÌº�đóđ�á�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê�ºèÏĈĈÏóêĈɐ

6óģºĢºĄɊ�đÌº�Ąó�³�ÄĄºÏÆÌđ�Ĉº­đóĄ�ɞĈºº�Box 2.1�ÄóĄ�³ºĸêÏđÏóêĈɟ�èóĢºĈ�
óêáĩ��«óėđ�óêºɢđÌÏĄ³�óÄ�đÌº�ȰȭȬ�«ÏááÏóê�zGQ�đĄ�êĈĀóĄđº³�Ïê���ê�³��
ɞFigure 2.1ɟɐ�9ê�­óêđĄ�ĈđɊ�Ą�Ïá�đĄ�êĈĀóĄđ�đÏóê�­óêđĄÏ«ėđºĈ�áºĈĈ�đÌ�ê�ȩȨʘ�
óÄ�đÌº�Ĉº­đóĄɭĈ�.6.�ºèÏĈĈÏóêĈɊ�«ėđ�Ì�ê³áºĈ��«óėđ�ȬȬʘ�óÄ���ê�³�ɭĈ�
ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê�³ºè�ê³ɐ

zÌÏĈ�ÏĈ�«º­�ėĈº�Ąó�³�ÄĄºÏÆÌđ�­óêĈėèºĈ�óê��ĢºĄ�Æº�ȫ�QE�óÄ�Äėºá�ºêºĄÆĩ�
ÄóĄ� ºĢºĄĩ� zGQ� đĄ�Ģºááº³Ɋ�ģÌÏáº� Ą�Ïá� ­óêĈėèºĈ� óêáĩ� ȨɐȪȫ�QEɖzGQɊ�
ɞFigure 2.2ɟɐ� zÌºĄºÄóĄºɊ� Ąó�³� đĄ�êĈĀóĄđ� ­óêĈėèºĈ� ȩȫ� đÏèºĈ� èóĄº�
ºêºĄÆĩ�đÌ�ê�Ą�Ïá�ĀºĄ�ėêÏđ�óÄ�ÄĄºÏÆÌđ�èóĢº³ɐ

�ºĄđ�ÏêáĩɊ�ĈÌÏÄđÏêÆ�èóĄº�ÄĄºÏÆÌđ�ÄĄóè�đĄė­ÞĈ�đó�đĄ�ÏêĈ�ģóėá³�Ąº³ė­º�
.6.�ºèÏĈĈÏóêĈɐ�6óģºĢºĄɊ�đÌº�³ºè�ê³�ÄóĄ�ÛėĈđɢÏêɢđÏèº�³ºáÏĢºĄĩɊ�đÌº�
èóĢºèºêđ�đó�ºɢđ�ÏáÏêÆ�ɞÏɐºɐ�ºáº­đĄóêÏ­�Ąºđ�ÏáÏêÆɟ��ê³�đÌº�đĄºê³�Ïê�Ąº-
­ºêđ�³º­�³ºĈ�đó�³ÏĢºĈđ�ÄĄóè�áºĈĈ��­đÏĢº�Ą�Ïáģ�ĩ�đĄ�­Þ�ÏêÄĄ�ĈđĄė­đėĄº�
ĈėÆÆºĈđĈ�đÌ�đ�Ąó�³�ÄĄºÏÆÌđ�ģÏáá�­óêđÏêėº�đó�Āá�ĩ���ĢÏđ�á�Ąóáº�Ïê�ĈėĀ-
ĀóĄđÏêÆ���ê�³�ɭĈ�ĈėĀĀáĩ�­Ì�ÏêĈɐ
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Figure 2.1. An overview of Canada’s (A) and Alberta’s (B) Freight Transportation 
Sector in 2016, including (left to right) their contribution to total GHG emissions 
(Mt CO2e/yr), modes contributing to GHG emissions, freight moved (t-km 
travelled), energy used (PJHHV/yr) and fuels consumed (PJHHV/yr). Road freight 
represents vehicles with a Gross Vehicle Weight Rating (GVWR) of 3.9 tonnes or 
greater. Data compiled from the National Inventory Report [5] for GHG emissions/
energy consumed/fuels used, Statistics Canada [7], [8], and Natural Resources 
Canada [9]-[10] for transportation demand.
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zÌºĈº�đĄºê³Ĉ�ÌÏÆÌáÏÆÌđ�đÌº�êºº³�đó�ĸê³�ĈđĄ�đºÆÏºĈ�đó�Ąº³ė­º�óĄ�ºáÏè-
Ïê�đº�đ�ÏáĀÏĀº�ºèÏĈĈÏóêĈ�ÄĄóè�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê�Ïê���ê�³�ɐ

�ÏºĈºá� ÏĈ� ­ėĄĄºêđáĩ� đÌº� ³óèÏê�êđ� Äėºá� ɞʆȯȬʘɟ� ĈėĀĀóĄđÏêÆ� ÄĄºÏÆÌđ�
đĄ�êĈĀóĄđ� ɞ,ÏÆėĄº� ȪɐȩɟɊ� ĀĄóĢÏ³ÏêÆ� ³ºêĈºɊ� �­­ºĈĈÏ«áº� �ê³� �ĵóĄ³�«áº�
ºêºĄÆĩ� ĈėÏđ�«áº� ÄóĄ� đÌº� ĀºĄÄóĄè�ê­º� êºº³Ĉ� óÄ� Ìº�Ģĩɢ³ėđĩ� ĢºÌÏ-
­áºĈ�ɞ6��ɟ��ê³�Ą�Ïáģ�ĩ�áó­óèóđÏĢºĈɐ��ÏºĈºá�ÏĈ��áĈó�Ïê­Ąº�ĈÏêÆáĩ�«º-
ÏêÆ�ėĈº³�Ïê�è�ĄÏêº�đĄ�êĈĀóĄđ�ĈÏê­º�đÌº�Ĉº­đóĄ�ÏĈ�ĈÌÏÄđÏêÆ��ģ�ĩ�ÄĄóè�
Ìº�Ģĩ�Äėºá�óÏá�ɞ6,\ɟ�ÄóĄ�ºêĢÏĄóêèºêđ�á�Ąº�ĈóêĈ��ĈĈó­Ï�đº³�ģÏđÌ�đÌº�
ÌÏÆÌ�ĈėáĀÌėĄ�­óêđºêđ�Ïê�6,\�ɜȩȩɝɐ

.�ĈóáÏêº� ÏĈ�ėĈº³� ÄóĄ���ĀóĄđÏóê�óÄ���ê�³�ɭĈ�Ąó�³� ÄĄºÏÆÌđɊ�èóĈđáĩ� Ïê�
ĢºÌÏ­áºĈ�ģÏđÌ���ÆĄóĈĈ�ĢºÌÏ­áº�ģºÏÆÌđ�Ą�đÏêÆ�ɞ.��mɟ�«ºđģººê�ȫɐȱ��ê³�
ȩȭ�đóêêºĈ�ɞBox 2.1ɟɐ�zÌºĈº�ĢºÌÏ­áºĈ��Ąº�èóĄº�áÏÞºáĩ�đó�đĄ�Ģºá�ĈÌóĄđºĄ�
³ÏĈđ�ê­ºĈ��ê³�Ì�ėá�Ĉè�ááºĄ�Ā�ĩáó�³ĈɊ�Ĉó�đÌº��³Ģ�êđ�ÆºĈ�óÄ�³ÏºĈºá��Ąº�
áºĈĈ��ĀĀ�Ąºêđ�ɜȩȪɝɐ

9ê��á«ºĄđ�Ɋ�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�­óêđĄÏ«ėđº³�ȩȰ�Qđ��\ȪºɖĩĄɊ���ĀºĄ�­�ĀÏđ��
Ą�đº�Ȫɐȩ�đÏèºĈ�ÌÏÆÌºĄ�đÌ�ê�đÌº���ê�³Ï�ê��ĢºĄ�Æº�ɞÏɐºɐ�ȬɐȪ�đ��\Ȫºɖ­�Ā�
Ïê����ĢĈ�ȩɐȱ�đ��\Ȫºɖ­�Ā�Ïê���ê�³�ɟ�ɞFigure 2.1Bɟɐ��ºĈĀÏđº�Ì�ĢÏêÆ�óêáĩ�
ȩȪʘ�óÄ�đÌº���ê�³Ï�ê�ĀóĀėá�đÏóêɊ��á«ºĄđ��èóĢºĈ��«óėđ�óêºɢăė�ĄđºĄ�
óÄ���ê�³�ɭĈ�đóđ�á�đĄ�êĈĀóĄđ�đÏóê�³ºè�ê³�Ïê�ėêÏđĈ�óÄ�zGQ�đĄ�Ģºáº³ɐ�
.ÏĢºê� đÌº� á�­Þ�óÄ�è�ĄÏêº� đĄ�êĈĀóĄđ� Ïê��á«ºĄđ�Ɋ� Ąó�³� đĄ�êĈĀóĄđ� �­-
­óėêđº³�ÄóĄ�ȰȰʘ�óÄ�đÌº�ºèÏĈĈÏóêĈ��ê³�ȫȱʘ�óÄ��áá�ÄĄºÏÆÌđ�èóĢº³�Ïê�
đÌº�ĀĄóĢÏê­º�ɞFigure 2.1Bɟɐ

Figure 2.2. Energy intensity 
for freight transport 
(MJHHV per tonne-km 
[TKM] travelled) by mode. 
Underlying data is from the 
National Inventory Report [5], 
Natural Resources Canada 
[9]-[10], and Statistics Canada 
[7],[8].

“…the demand for just-in-time delivery [and] the movement to 

e-tailing… highlight[s] the need to find strategies to reduce or 

eliminate tailpipe emissions from freight transportation in Canada.”
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3. Freight Transportation Demand (Activity) 

and the Economy

��ê�³�ɭĈ�ĀĄóĈĀºĄÏđĩ��ê³� áÏĢºáÏÌóó³�³ºĀºê³�óê� đÌº� ĈđĄºêÆđÌ�óÄ� đÌº�
ÄĄºÏÆÌđ� ĈĩĈđºèĈ� đÌ�đ� ĈėĀĀóĄđ� đÌº� º­óêóèĩ� «ĩ� èóĢÏêÆ� Æóó³Ĉ� ÄóĄ�
��ê�³�ɭĈ�Ïê³ėĈđĄÏºĈ��ê³�³ºáÏĢºĄÏêÆ�ĀĄó³ė­đĈ�đó�­óêĈėèºĄĈɐ

qėĀĀáĩ�­Ì�ÏêĈ�³ĄÏĢº�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê�³ºè�ê³��ê³�đÌºĈº�ÄóĄ­ºĈ�
Ì�Ģº�«ººê�ºĢóáĢÏêÆ�óĢºĄ�đÌº�Ā�Ĉđ�³º­�³ºĈ��ê³�ģÏáá�­óêđÏêėº�đó�ºĢóáĢº�
Ïê�đÌº�³º­�³ºĈ��Ìº�³ɐ��ºĄºÆėá�đÏóêɊ�ÄĄºº�đĄ�³º��ê³�­óêđ�ÏêºĄÏį�đÏóê�
Ì�Ģº�óĀºêº³�đÌº�³óóĄĈ�đó�đÌº�Æáó«�á�è�ĄÞºđɊ��ááóģº³�ÏêđºĄê�đÏóê�á�
ĀĄó³ė­đÏóêɢĈÌ�ĄÏêÆ��ĄĄ�êÆºèºêđĈ��ê³�ºê�«áº³�đÌº�ÛėĈđɢÏêɢđÏèº�ăė�á-
ÏđÏºĈ�óÄ�đÌº�èó³ºĄê�ĈėĀĀáĩ�­Ì�Ïê�ɜȩȫɝɐ��óè«Ïêº³Ɋ�đÌºĈº��Ąº�Þºĩ�³ĄÏĢ-
ºĄĈ�«ºÌÏê³�đÌº�ȭȩʘ�Ïê­Ąº�Ĉº�Ïê�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê�³ºè�ê³�«ºđģººê�
ȩȱȱȨ��ê³�ȪȨȩȮ��ê³�đÌº�ȱȯʘ�ÆĄóģđÌ�Ïê�Ąó�³�ÄĄºÏÆÌđ�ɞFigure 3.1Aɟɐ

zÌº�èó³º�ĈÌ�Ąº�ÄóĄ�ÄĄºÏÆÌđ�Ì�Ĉ�ĈÌÏÄđº³�èóĄº�đóģ�Ą³Ĉ�Ąó�³�ÄĄºÏÆÌđɊ�
ÆĄóģÏêÆ� ÄĄóè� óêºɢăė�ĄđºĄ� óÄ� ��ê�³�ɭĈ� ÄĄºÏÆÌđ�èóĢºĈ� Ïê� ȩȱȱȨ� đó�
­áóĈº�đó�óêºɢđÌÏĄ³�Ïê�ȪȨȩȮɐ�m�Ïá�ÄĄºÏÆÌđ�Ì�Ĉ�è�Ïêđ�Ïêº³�­áóĈº�đó�ÏđĈ�
Ȭȭʘ�ĈÌ�Ąº�óĢºĄ�đÌº�³º­�³ºĈɊ�ģÌÏáº�³óèºĈđÏ­�è�ĄÏêº�ÄĄºÏÆÌđ�Ì�Ĉ�áóĈđ�
è�ĄÞºđ�ĈÌ�Ąº�ɞFigure 3.1Aɟɐ

%R[������5RDG�)UHLJKW�&ODVVLĆFDWLRQ

Transportation equipment varies depending on the goods being hauled, 
WKH�UHJLRQV�WUDYHOOHG�DQG�WKH�PDUNHWV�VHUYHG��)UHLJKW�YHKLFOHV�DUH�FODVVLĆHG�
according to their GVWR, which includes the weight of the truck and the 
weight of its maximum carrying capacity.

In this study, the following two groupings are used to represent road 
freight transport with HDV being the primary focus. 

Road Freight GVWR Examples

HDV > 15 tonnes
Combination Tractor Trailers, 
Dump Trucks

Other Road Freight
3.9 < 15 tonnes 

Urban

Delivery Trucks, Cargo 
Vans, Large Pick-up Trucks, 
Vocational vehicles
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9ê��á«ºĄđ��óĢºĄ�đÌº�Ĉ�èº�ĀºĄÏó³�
ɞȩȱȱȨɢȪȨȩȮɟɊ� đÌº� zGQ� ³ºè�ê³�
ÄóĄ��á«ºĄđ��Ì�Ĉ�ÆĄóģê�«ĩ�ȩȨȯʘɊ�
ģÏđÌ� Ąó�³� ÄĄºÏÆÌđ� ÆĄóģÏêÆ� «ĩ�
ȩȮȭʘ��ê³� Ą�Ïá� ÆĄóģÏêÆ�«ĩ�ȰȪʘ�
ɞFigure 3.1Bɟɐ� "Ģºê� đÌóėÆÌ� đÌº�
Ąó�³� ÄĄºÏÆÌđ� Ĉº­đóĄ� ºĨĀºĄÏºê­º³�
­óêĈÏ³ºĄ�«áº� ÆĄóģđÌ� Ïê� Ąº­ºêđ�
ĩº�ĄĈɊ� Ą�Ïá� Ąºè�ÏêĈ�đÌº�ĀĄÏè�Ąĩ�
èó³º� óÄ� ÄĄºÏÆÌđ� đĄ�êĈĀóĄđ�đÏóê�
Ïê�«óđÌ��á«ºĄđ���ê³���ê�³�ɐ�

,óĄ�Ąº�ĈóêĈ�³ÏĈ­ėĈĈº³�ĀĄºĢÏóėĈ-
áĩ� ɞFigure 2.2ɟɊ� ģÌºê� ÆĄóģđÌ�
Ïê� đĄė­Þ� đĄ�êĈĀóĄđ�đÏóê� óėđ-
Ā�­ºĈ�ÆĄóģđÌ�Ïê�èó³ºĈ�ģÏđÌ�áóģ�
ºêºĄÆĩ� ÏêđºêĈÏđÏºĈ� áÏÞº� Ą�Ïá� �ê³�
è�ĄÏêºɊ� đÌºĄº� ÏĈ� �� èėáđÏĀáÏºĄ�
ºĵº­đ� óê� ºêºĄÆĩ� ėĈº� �ê³� .6.�
ºèÏĈĈÏóê�ÆĄóģđÌ�ÄóĄ�đÌº�ÄĄºÏÆÌđ�
Ĉº­đóĄɐ

9đ� ĈÌóėá³� «º� êóđº³� đÌ�đ� đĄ�êĈ-
ĀóĄđ�đÏóê� �­đÏĢÏđĩ� ³�đ�� ÄóĄ� Ąó�³�
ÄĄºÏÆÌđ� Ïê� ��ê�³�� �Ąº� ­ėĄĄºêđáĩ�
ĢºĄĩ� áÏèÏđº³ɐ� qđ�đÏĈđÏ­Ĉ� ��ê�³��
�ê³� zĄ�êĈĀóĄđ� ��ê�³�� ³�đ�� �Ąº�
«�Ĉº³� óê� ĈėĄĢºĩ� ³�đ�� ­óèĀáºđ-
º³�óêáĩ�«ĩ�ÄóĄɢÌÏĄº�­�ĄĄÏºĄĈ�đÌ�đ�
Ì�Ģº� �êêė�á� ĄºĢºêėºĈ� ÆĄº�đºĄ�
đÌ�ê� ɴȩɐȫ�èÏááÏóê� ɜȰɝɊ� đÌºĄº«ĩ� êóđ� Ïê­áė³ÏêÆ� óģêɢ�­­óėêđ� đĄė­Þ-
ÏêÆ�óĄ�Ĉè�áá�­óèèºĄ­Ï�á�­�ĄĄÏºĄĈɐ�zÌÏĈ�³�đ��Æ�Ā�è�ĩ�«º�ĸááº³�Ïê�đÌº�
ÄėđėĄº�ģÏđÌ� đÌº� ÏêđĄó³ė­đÏóê�óÄ�zĄ�êĈĀóĄđ���ê�³�ɭĈ�êºģ���ê�³Ï�ê�
�ºêđĄº�óê�zĄ�êĈĀóĄđ�đÏóê���đ��ɜȩȭɝɐ

,ĄºÏÆÌđ� đĄ�êĈĀóĄđ�đÏóê� �­đÏĢÏđĩ� ÆĄóģđÌ� ÏĈ� ­áóĈºáĩ� đÏº³� đó� º­óêóèÏ­�
ÆĄóģđÌɐ�"ĢºĄĩ�³óáá�Ą�óÄ���ê�³�ɭĈ�ÆĄóĈĈ�³óèºĈđÏ­�ĀĄó³ė­đ�ɞ.�iɟ�Ïê�ȪȨȩȮ�
ĄºăėÏĄº³�ȨɐȭȪ�zGQ�óÄ�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóêɐ�IÏÞºģÏĈºɊ�ºĢºĄĩ�³óáá�Ą�óÄ�
�á«ºĄđ�ɭĈ�ȪȨȩȮ�.�i�ĄºăėÏĄº³�ȨɐȮȭ�zGQ�óÄ�ÄĄºÏÆÌđ�èóĢºèºêđ�ɞFigure 
3.2ɟɐ

9ê�ÆºêºĄ�áɊ�Æóó³Ĉ�èóĢºèºêđ�Ïê���ê�³��Ì�Ĉ�«ººê�³º­áÏêÏêÆ�Ïê�Ïè-
ĀóĄđ�ê­º� �Ĉ� ��ĀĄóĀóĄđÏóê�óÄ� đÌº�ê�đÏóê�á�.�iɐ� qė­Ì�³º­óėĀáÏêÆ� ÏĈ�
ºĨĀº­đº³� Ïê�³ºĢºáóĀº³� ­óėêđĄÏºĈ� �Ĉ� đÌºÏĄ� º­óêóèÏºĈ� ĈÌÏÄđ� đó�èóĄº�
ĈºĄĢÏ­º�Ïê³ėĈđĄÏºĈ�ɜȩȯɝɐ��á«ºĄđ��ĈººèĈ�đó�«º�ĄºĈÏĈđÏêÆ�đÌÏĈ�³º­óėĀáÏêÆ�
đĄºê³��Ĉ�ÏđĈ�º­óêóèĩ�Ì�Ĉ���ÆĄº�đºĄ�³ºĀºê³ºê­º�óê�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�
�ê³�Ïđ�Ì�Ĉ�êóđ�êóđÏ­º�«áĩ�³º­áÏêº³�óĢºĄ�đÌº�Ā�Ĉđ�ȪȨ�ĩº�ĄĈ�ɞFigure 3.2ɟɐ

Figure 3.1. Freight Transportation Activity in 
billion tonne-km (GTKM) travelled per year by 
mode for Canada (A) and Alberta (B). Canada 
data from Statistics Canada [8] and Natural 
Resources Canada [9] with truck demand back-
castfor years prior to 2004 using the CESAR 
baed on GHG data from the National Inventory 
Report [5].
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,ĄºÏÆÌđ� đĄ�êĈĀóĄđ�đÏóê� ĈÌÏÄđĈ�
ģÏđÌ� đÌº� ­Ì�êÆÏêÆ� ³ĩê�èÏ­� óÄ�
đÌº�º­óêóèĩɐ�,óĄ� ÏêĈđ�ê­ºɊ� đÌº�
­óêđÏêėº³� ĄÏĈº� óÄ� ºɢ­óèèºĄ­º�
�­­óėêđº³� Ïê� ȪȨȩȮ� ÄóĄ� ȪɐȬʘ� óÄ�
��ê�³�ɭĈ� đóđ�á� Ąºđ�Ïá� Ĉ�áºĈɊ� ėĀ�
ÄĄóè�ȩɐȮʘ�ÛėĈđ�ÄóėĄ�ĩº�ĄĈ�º�ĄáÏ-
ºĄ�ɜȩȰɝɊ��ê³�Æáó«�á�óêáÏêº�ÆÏ�êđĈ�
�áÏ«�«�� �ê³� �è�įóê� đĄ�³º³�
ȯȨȨ� «ÏááÏóê� ɴ�q� Ïê� Æóó³Ĉ� ģÏđÌ�
­óèĀóėê³� �êêė�á� ÆĄóģđÌ� Ą�đº�
ɞ��.mɟ�óÄ�ȫȫʘ�ĈÏê­º�ȪȨȩȪ�ɜȩȱɝɐ�
�Ĉ���ĄºĈėáđɊ�Ìóèº�³ºáÏĢºĄĩ�ĈºÆ-
èºêđĈ��Ąº�ºèºĄÆÏêÆ�ėĈÏêÆ�óđÌºĄ�
Ąó�³� ÄĄºÏÆÌđ� ĢºÌÏ­áºĈ� đÌ�đ� Ì�Ģº�
�� .��m� ʐȩȭ� đóêêºĈɊ� đÌºĄº«ĩ�
­Ì�êÆÏêÆ� đÌº� ĈđĄė­đėĄº� óÄ� đÌº�
­óêĢºêđÏóê�á�Ąºđ�Ïá�ÄĄºÏÆÌđ�èó³-
ºá� ģÏđÌ� Ïê­Ąº�Ĉº³� ÏèĀóĄđ�ê­º�

Figure 3.2. Freight Transportation Activity (TKM/
yr) to gross domestic product (GDP [2007$]/
yr) ratio for Canada and Alberta. Represents the 
freight transportation activity associated with 
producing $1 of GDP for all industries in Canada 
and Alberta in 2007 chained Canadian dollars. 
Data is sourced from Statistics Canada [8], [16]

Figure 3.3. Trends in the World Economic Forum's Transportation Services (Pillar 5) ranking [21] for Canada 
between 2014 and 2016.
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ÏêđºĄê�đÏóê�á�ĀººĄĈɊ� Ïê��Ąº�Ĉ� đÌ�đ� Ïê­áė³º� đÏèºáÏêºĈĈ�óÄ�ĈÌÏĀèºêđĈ�
�ê³�º�Ĉº��ê³��ĵóĄ³�«ÏáÏđĩ�óÄ�ĈÌÏĀèºêđĈ�ɞFigure 3.3ɟɐ

�ÌºđÌºĄ�đÌÏĈ�Ą�êÞ�ÏĈ�ėĈº³��Ĉ���Æ�ėÆº�óÄ�Æáó«�á�­óèĀºđÏđÏĢºêºĈĈ�óĄ�
ėĈº³��Ĉ���«ºê­Ìè�ĄÞ�ÄóĄ�đÌº�óĢºĄ�áá�ĈĩĈđºè�ĀºĄÄóĄè�ê­ºɊ�Ïđ�ĈÏÆê�áĈ�
đÌ�đ�đÌº�ºĶ­�­ĩ�óÄ���ê�³�ɭĈ�ÄĄºÏÆÌđ�Ĉº­đóĄ�­óėá³�«º�ÏèĀĄóĢº³ɐ

��ê�³��Ì�Ĉ�«ººê�­ĄÏđÏ­Ïįº³�ÄóĄ� á�­ÞÏêÆ���­óèĀĄºÌºêĈÏĢº�đĄ�êĈĀóĄ-
đ�đÏóê�ÄĄ�èºģóĄÞɊ�Ïê­áė³ÏêÆ�Ä�ÏáÏêÆ�đó�ÏêđºÆĄ�đº�đĄ�êĈĀóĄđ�đÏóê�Ïêđó�
Ïê³ėĈđĄĩɊ�đĄ�³º��ê³�ÏêÄĄ�ĈđĄė­đėĄº�ĀóáÏ­ĩ�³ºĢºáóĀèºêđ�ɜȪȪɝɐ��ĩ�Ï³ºê-
đÏÄĩÏêÆ� ĈÌóĄđ­óèÏêÆĈɊ� đÌº� Ĉđ�Æº� ­�ê�«º� Ĉºđ� ÄóĄ�ÌóáÏĈđÏ­� �ê³� đĄ�êĈ-
ÄóĄè�đÏóê�á�­Ì�êÆºĈ�Ïê�óėĄ�ÄĄºÏÆÌđ�ĈĩĈđºèĈɐ

4. Road Freight Industry Dynamics

�ºÄóĄº�ĈĩĈđºèĈ�­Ì�êÆº�­�ê�«º�³ÏĄº­đº³�đó��³³ĄºĈĈ�ÏĈĈėºĈ�Ïê­áė³ÏêÆ�
.6.�ºèÏĈĈÏóêĈ��ê³�óđÌºĄ�ºêĢÏĄóêèºêđ�á�Ä�­đóĄĈɊ�Ïđ�ÏĈ�ÏèĀóĄđ�êđ�đó�
³ººĀáĩ� ėê³ºĄĈđ�ê³� đÌº� ³ĩê�èÏ­� óÄ� đÌº� Ïê³ėĈđĄĩɐ� zÌº� Ąó�³� ÄĄºÏÆÌđ�
Ĉº­đóĄ�­�ê�³ÏĵºĄ�³ºĀºê³ÏêÆ�óê�đÌº�Æóó³Ĉ�«ºÏêÆ�Ì�ėáº³��ê³�đÌº�ĄºÆÏóê�
«ºÏêÆ�đĄ�Ģºááº³Ɋ�«ėđ�đÌºĄº��Ąº�Ĉóèº�­óèèóê�đĄ�ÏđĈ��ê³�đĄºê³Ĉ�Ĉººê�«ĩ�
đÌº�Ïê³ėĈđĄĩ��Ĉ���ģÌóáºɐ

4.1. )OHHW�3URĆOH

zó�ĈėĀĀóĄđ���ê�³�ɭĈ�³ºè�ê³�ÄóĄ�đĄė­Þ�đĄ�êĈĀóĄđ�đÏóêɊ���Ĺººđ�óÄ�Ģº-
ÌÏ­áºĈ� ÏĈ� ĄºăėÏĄº³�đÌ�đ� ÏĈ�ĀĄóĀóĄđÏóê�đº� đó� đÌº�³ºè�ê³��ê³�èÏĨ�óÄ�
ĈºĄĢÏ­ºĈɐ�9đ�ÏĈ�ºĈđÏè�đº³�đÌ�đ�đÌºĄº��Ąº�­ėĄĄºêđáĩ��«óėđ�ȫȨȨɊȨȨȨ�6��Ĉ�

“By identifying shortcomings, the stage can be set for 

holistic and transformational changes in our freight 

systems.”
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Ĉė­Ì��Ĉ�Ïê�ȪȨȨȰɖȱɊ�Ì�Ģº��ê�Ïè-
Ā�­đ� óê� đÌº� êėè«ºĄ� óÄ� đĄė­ÞĈ�
ĀėĄ­Ì�Ĉº³�ɞFigure 4.1ɟɐ

Qº�êģÌÏáºɊ�đÌº��êêė�á�6���Ąº-
đÏĄºèºêđ�ģ�Ĉ�ĀĄóÛº­đº³� đó�Ì�Ģº�
Ïê­Ąº�Ĉº³� ÄĄóè� �«óėđ� ȩȩɊȨȨȨ�
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óÄ��«óėđ�Ȫʘ�ĀºĄ�ĩº�Ąɐ�\ê��ĢºĄ-
�ÆºɊ�đÌº���ê"qq�èó³ºá�ĀĄóÛº­đĈ�
đÌ�đ�êºģ�6��Ĉ��­­óėêđ�ÄóĄ�ȱʘ�
óÄ� đÌº� đóđ�á� �êêė�á� Ĺººđ� �ê³�
�«óėđ�Ȯʘ�óÄ�đÌº�Ĺººđ� ÏĈ�ĄºđÏĄº³�
º�­Ì�ĩº�Ąɐ�

zÌº���ê"qq�èó³ºá�ɜȩȬɝ�­�áÏ«Ą�-
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ɞFigure 4.2Aɟɐ

��Ĉº³� óê� Ïê³ėĈđĄĩ� ³ÏĈ­ėĈĈÏóêĈɊ� �"q�m� �ĈĈÏÆêº³�êºģ�6��� đĄė­ÞĈ�
ȪȬȨɊȨȨȨ�Þè�ĀºĄ�ĩº�ĄɊ�ģÏđÌ��êêė�á�ĢºÌÏ­áº�³ÏĈđ�ê­º� đĄ�Ģºááº³�³º-
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“…the number of new HDVs 

acquired has grown [at a rate 

of] 3% per year... to 31,000 new 

vehicles [purchased] in 2016.”

Figure 4.1.  Estimates of new and retired HDVs 
(A) and HDV stocks for Canada (B). Stock values 
estimated using the Can ESS model [14] that was 
last calibrated with Statistics Canada data for 
registered vehicle stock in 2013 [23].
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Figure 4.2. Fleet age distribution (A) for HDV 
kilometers travelled (VKT) per year by vehicle 
age (B). Estimates obtained from the CanESS 
model [14] [23]. 
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Figure 4.3.�$YHUDJH�IXHO�HIĆFLHQF\���$�/�����NP��
of heavy duty road vehicles and trends in energy 
intensity (B, MJ/TKM) for road freight, marine 
DQG�UDLO�PRYHPHQW��)XHO�HIĆFLHQF\�DQG�HQHUJ\�
consumption are from Natural Resources Canada 
[9] and TKM from Statistics Canada [8] with back-
casting using CanESS model [14]. 

“While HDV fuel efficiency has improved, this has not 

translated into improved energy intensity, the energy 

used to move a tonne of freight one kilometer.”
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4.3. Economics of the Trucking Business
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ɜȪȰɝɐ

I�«óėĄ�ÏĈ�đÌº�á�ĄÆºĈđ�­óèĀóêºêđ�Ïê�đÌº�­óĈđ�óÄ���đĩĀÏ­�á�ĈÌÏĀèºêđ�Ïê�
��ê�³�Ɋ�ºĈđÏè�đº³��đ�ȫȫʘ�óÄ�đÌº�đóđ�á�óĀºĄ�đÏêÆ�­óĈđĈ�đó�đĄ�êĈĀóĄđ�
ȩȯ�đóêêºĈ�óÄ�ÄĄºÏÆÌđ�óĢºĄ���³ÏĈđ�ê­º�óÄ�ȯȭȨ�Þè�ɞFigure 4.4Cɟɐ�,ėºá�
­óĈđĈ��Ąº�đÌº�êºĨđ�á�ĄÆºĈđ�­óĈđ�­óèĀóêºêđɊ��­­óėêđÏêÆ�ÄóĄ�Ȫȫʘɐ�,ėºá�

“…the profit margins for trucking 

are small, and likely contribute 

to a competitive, mistrustful 

culture that has been reported to 

characterize the sector."

Figure 4.4. Trucking Sector Operating Ratios (A), Average Revenue per Shipment (B), and Operating Cost 
3URĆOH��&���/RFDO�VKLSPHQWV�DUH�VKLSPHQWV�WKDW�DUH�WUDQVSRUWHG�OHVV�WKDQ���NP��2SHUDWLQJ�UDWLR�LV�D�SURĆWDELOLW\�
measure often used by the freight transportation sector of operating costs divided by operating revenues. 
Data from Statistics Canada [8], [27].
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Q�Ïêđºê�ê­º�ÏĈ��êóđÌºĄ�ĈÏÆêÏĸ­�êđ�óĀºĄ�đÏêÆ�­óĈđ�ɞFigure 2.9Cɟɐ�9ê�
�³³ÏđÏóê�đó�đÌº�­óĈđĈ�ÄóĄ�ĄºĀ�ÏĄ��ê³�ėĀÞººĀ�ĄºĀĄºĈºêđº³�Ïê�đÌÏĈ��ê-
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4.4. Shipment Characterisitics

mó�³� ÄĄºÏÆÌđ� ĈÌÏĀèºêđĈ� Ïê� ��ê�³��
Ì�Ģº�«ººê�ÆºđđÏêÆ�áóêÆºĄ��ê³�Ìº�Ģ-
ÏºĄ�ɞFigure 4.5AɟɊ�³ėº�đó���Ģ�ĄÏºđĩ�óÄ�
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zÌº�Ïê­Ąº�Ĉº�Ïê�ģºÏÆÌđ�­óėá³��áĈó�«º�
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ĀÏÞº� ³óė«áº� đĄ�ÏáºĄ� ­óêĸÆėĄ�đÏóêĈ�
ɜȪȱɝɐ� zÌºĈº� ­óêĸÆėĄ�đÏóêĈ� Ì�Ģº�
áóģºĄ�ºêºĄÆĩ�ÏêđºêĈÏđÏºĈ�đÌ�ê�ĈÏêÆáº�
đĄ�ÏáºĄ�áó�³Ĉ�«ĩ�Ì�ėáÏêÆ�èóĄº�ÄĄºÏÆÌđ�
ĀºĄ� ĀóģºĄ� ėêÏđɐ� 6óģºĢºĄɊ� đÌº� ėđÏá-
Ïį�đÏóê�óÄ�I��Ĉ�ĄºăėÏĄºĈ�­óèĀ�đÏ«áº�
Ąó�³� ÏêÄĄ�ĈđĄė­đėĄº� �ê³� óĀºĄ�đÏêÆ�
ĄºÆėá�đÏóêɐ

zÌºĄº�Ì�Ĉ� �áĈó�«ººê��� đºê³ºê­ĩ� ÄóĄ�
áóêÆºĄ� đĄÏĀĈ� óĢºĄ� đÌº� Ā�Ĉđ� ³º­�³º�
ɞFigure 4.5Bɟɐ� zÌÏĈ� ­óėá³� ĄºĹº­đ�
Ĉóèº� ĈÌÏÄđ� ÄĄóè�è�ĄÏêº� �ê³� Ą�Ïá� đó�
đĄė­Þ�ÄóĄ�áóêÆºĄ�³ÏĈđ�ê­º�èóĢºĈɐ

4.5. Load Factor

Ió�³�Ä�­đóĄ�ÏĈ���ĀĄóĀóĄđÏóê�óÄ�đÌº�đóđ�á�ĢºÌÏ­áº�Ā�ĩáó�³�­�Ā�­Ïđĩ�đÌ�đ�
ÏĈ�ėđÏáÏįº³�ģÌºê�Ïê�óĀºĄ�đÏóêɐ�Ióģ�áó�³�Ä�­đóĄĈ��Ąº���ĄºĹº­đÏóê�óÄ�đÌº�
đĄ�³ºĈɢóĵĈ�đÌ�đ�đÌº�ÄĄºÏÆÌđ�Ĉº­đóĄ�è�ÞºĈ�«ºđģººê�ɞ�ɟ�ĈÌÏĀèºêđ�º�Ĉº�

Figure 4.5. Average weight per heavy 
duty freight trip (A) and average distance 
travelled (B) per shipment in Canada. 
Includes ony greater than 25 km. Sourced 
from Statistics Canada [8].
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�ê³�đÏèºáÏêºĈĈ�Ģ�áėºĈ�ĈÌóģê�ĀĄºĢÏóėĈáĩ�Ïê�,ÏÆėĄº�ȫɐȫɊ��ê³�ɞ«ɟ�ºêºĄÆĩ�
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"Ģºê�đÌóėÆÌ�è�êĩ�đĄė­ÞÏêÆ�­óèĀ�êÏºĈ�èº�ĈėĄº�đÌºÏĄ�óģê�áó�³�Ä�­-
đóĄ�ĀºĄÄóĄè�ê­ºɊ�­óêĈóáÏ³�đº³�³�đ���Ąº�­ėĄĄºêđáĩ�á�­ÞÏêÆɐ

Sm��êɭĈ�qè�Ąđ��ĩ�èºè«ºĄĈ�ɜȪȮɝ��Ąº�ĄºĀóĄđÏêÆ�ĈÏÆêÏĸ­�êđáĩ�ÌÏÆÌºĄ�
áó�³�Ä�­đóĄĈ�ɞFigure 4.6Aɟ�đÌ�ê�ÏĈ�³ºđºĄèÏêº³�«�Ĉº³�óê�ºêºĄÆĩ�ėĈº�
ɞFigure 4.6Bɟɐ�6óģºĢºĄɊ�qè�Ąđ��ĩ�ÏĈ���Ģóáėêđ�Ąĩ�ĀĄóÆĄ�èɊ�Ĉó�Ïđ�ÏĈ�
áÏÞºáĩ�đÌ�đ�đÌº�³�đ��óêáĩ�ĄºĹº­đ�đÌº�ĀºĄÄóĄè�ê­º�óÄ�đóĀ�ĀºĄÄóĄèºĄĈ�
Ą�đÌºĄ�đÌ�ê���«Ąó�³ºĄɢ«�Ĉº³�Ĉ�èĀáºɐ

qóèº�đĄė­ÞÏêÆ�ĈºÆèºêđĈ��Ąº�èóĄº�ĀĄóêº�đó�Ïê­ėĄ�ºèĀđĩ�ÞÏáóèºđºĄĈ�
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­óèèó³Ïđĩ� «ºÏêÆ� Ì�ėáº³Ɋ� �ê³� ĄºÆÏóê�á� ­óêĈđĄ�ÏêđĈɐ� ,óĄ� ºĨ�èĀáºɊ�
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đó�ĸáá�đÌºÏĄ�ºèĀđĩ�«�­ÞÌ�ėáĈ�ɜȫȨɝɐ

“…overall load factors are likely to be poor and getting 

worse, reflecting considerable empty space in trailers of 

HDVs moving on Canadian roads.”

Figure 4.6. Load Factor, SmartWay Reported (A) and Modelled (B). Load Factor as a Product of 
Capacity Utilization and Loaded Kilometres Travelled. NRCAN SmartWay collects capacity utilization 
and empty kilometres from its members [26], and CanESS load factor is determied based on a 
combination on Statistics Canada data sources for transportation, energy use and stock data [14].
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4.6. Trucking Companies

zÌºĄº��Ąº�èóĄº�đÌ�ê�ȬȨɊȨȨȨ�ÆºêºĄ�á��ê³�ĈĀº­Ï�áÏįº³�ÄĄºÏÆÌđ�đĄė­ÞÏêÆ�
­óèĀ�êÏºĈ� Ïê� ��ê�³�Ɋ�èóĈđ� óÄ�ģÌÏ­Ì� �Ąº� ­óèĀ�êÏºĈ�ģÏđÌ� óêáĩ� óêº�
đó� ÄóėĄ�ºèĀáóĩººĈ� ɞFigure 4.7Aɟɐ� 9ê��á«ºĄđ�Ɋ� đÌºĄº��Ąº��áèóĈđ�ȮɊȨȨȨ�
đĄė­ÞÏêÆ�­óèĀ�êÏºĈ�ģÏđÌ���ĈÏèÏá�Ą�ĀĄóĀóĄđÏóê�óÄ�óêº�đó�ÄóėĄ�ºèĀáóĩººĈ�
�Ĉ�đÌº�ê�đÏóê�á��ĢºĄ�Æº�ɞFigure 4.7Bɟɐ

Q�êĩ� ­óèĀ�êÏºĈ�ģÏđÌ� ÄºģºĄ� đÌ�ê� ȩȨ�³ĄÏĢºĄĈ� �Ąº� óģêºĄɢóĀºĄ�đóĄĈ�
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è�ĄÞºđ� �ê³� è�ê�Æº� đÌº� ĈºĄĢÏ­ºɐ� zÌº� đĄė­Þ� ­�ĄĄÏºĄĈ� ÏêđºĄĢÏºģº³�
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óđÌºĄ� ­óèĀ�êÏºĈ� ÆÏĢº�
ĀĄºÄºĄºê­º� đó� ÏêɢÌóėĈº�
ºăėÏĀèºêđ��ê³�³ĄÏĢºĄĈɐ

zĄė­ÞÏêÆ� ­óèĀ�êÏºĈ�
ģÏđÌ�èóĄº�đÌ�ê�ȭȨ�ºè-
ĀáóĩººĈ� Ì�Ģº� Ïê­Ąº�Ĉº³�
Ïê���ê�³��«ºđģººê�ȪȨȩȬ�
�ê³� ȪȨȩȯɐ� 6óģºĢºĄɊ�
Ïê� �á«ºĄđ�Ɋ� ­óèĀ�êÏºĈ�
ģÏđÌ� óĢºĄ� ȭȨ� ºèĀáóĩ-
ººĈ�Ì�Ģº�Ĺė­đė�đº³�«º-
đģººê�ȮȨ��ê³�ȮȮ�­óè-
Ā�êÏºĈ� ɞFigure 4.7B) 
³ėĄÏêÆ�đÌÏĈ�ĀºĄÏó³ɐ

Sóđ�Ĉººê�Ïê�đÌº�³�đ��óÄ�
,ÏÆėĄº� Ȭɐȯ� ÏĈ� đÌº� Ä�­đ�
đÌ�đ� Ĉóèº� ­óèĀ�ê-
ÏºĈ� �Ąº� ­óêĈóáÏ³�đÏêÆɐ�
�óèĀ�êÏºĈ� áÏÞº� Qėááºê�
.ĄóėĀ� ɜȫȪɝ� �ê³� z,9�

Figure 4.7. Number of trucking companies in Canada 
(A) and Alberta (B). Bar charts show total number of 
FRPSDQLHV�FODVVLĆHG�LQWR�FRPSDQ\�VL]H��QXPEHU�RI�
employees/company).The line and right axis shows number 
of companies with over 50 employees. Data from Statistics 
Canada [31].

“…the quantity and diversity of companies... creates a 

fragmented industry [that] lacks a unified industry.”
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4.7. Workforce
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èóĄº� đÌ�ê�ȪȨȨɊȨȨȨ���ê�³Ï�êĈɊ� Ïê­áė³ÏêÆ��«óėđ�ȫȭɊȨȨȨ��á«ºĄđ�êĈ�
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��ê�³��ɞFigure 4.8Aɟ��ê³�ȫȭʘ�Ïê��á«ºĄđ��«ºđģººê�đÌº�ĩº�ĄĈ�ȪȨȨȨ�
�ê³�ȪȨȩȯ�ɞFigure 4.8Bɟɐ

I�«óėĄ�ĈÌóĄđ�Æº�ÏĈ���­ĄÏđÏ­�á�ÏĈĈėº�­ėĄĄºêđáĩ�Ä�­ÏêÆ�đÌº�đĄė­ÞÏêÆ�Ĉº­-
đóĄ�Ïê���ê�³�Ɋ�ÏèĀ�­đÏêÆ�«óđÌ�đÌº�ÄóĄɢÌÏĄº��ê³�ĀĄÏĢ�đº�đĄė­Þ�Ĉº­đóĄĈ�
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đÌ�đ� «ĩ� ȪȨȪȬɊ� ��ê�³�ɭĈ� ³ºè�ê³� ÄóĄ� đĄė­Þ� ³ĄÏĢºĄĈ�ģÏáá� ºĨ­ºº³� đÌº�
ĈėĀĀáĩ�«ĩ��áèóĈđ�ȫȭɊȨȨȨ�³ĄÏĢºĄĈ�ɞFigure 4.8Cɟɐ

Figure 4.8. Number of truck transportation employees in Canada (A) and Alberta 
(B), and the existing and projected shortage of drivers to 2024 (C). Data compiled 
from Statistics Canada [35] and CPCS [34].
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4.8. Productivity and Congestion
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đóĄ�­�ê�«º�áÏêÞº³�đó�ºĨđºĄê�á�Ä�­-
đóĄĈ� Ïê­áė³ÏêÆɉ� ĄºÆėá�đÏóêĈ� óê�
ÌóėĄĈ� óÄ� ĈºĄĢÏ­ºɕ� đĄ�ÏáºĄ� áºêÆđÌ�
�ê³�ģºÏÆÌđɕ�ĈĀºº³�áÏèÏđĈɕ�ģ�ÏđÏêÆ�
�đ�áó�³ÏêÆ�³ó­ÞĈɊ�ģºÏÆÌ�Ĉđ�đÏóêĈɊ�
�ê³� ÏêđºĄ­Ì�êÆº� đºĄèÏê�áĈɕ� �ê³�

“Labour shortage is a critical issue... 

by 2024, Canada's demand for truck 

drivers will exceed supply by 35,000 

drivers.”

“Although productivity has been improving, performance 

overall continues to impact the industry's ability to: a) 

support economic growth, b) optimize asset utilization, c) 

overcome driver shortage and d) reduce congestion."

Figure 4.9. Productivity of the freight 
trucking sector per employee. This single 
factor analysis was completed using GDP by 
industry and employment data sourced from 
Statistics Canada [16, 34].
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đÏèº� ĈĀºêđ� Ïê� đĄ�Ķ­Ɋ� �áóêÆ�ģÏđÌ� óĀºĄ�đÏóê�á� Ä�­đóĄĈ� Ĉė­Ì� �Ĉ� áó�³�
Ä�­đóĄ��ê³�Ąóėđº�Āá�êêÏêÆɐ

�áđÌóėÆÌ� ĀĄó³ė­đÏĢÏđĩ� Ì�Ĉ� «ººê� ÏèĀĄóĢÏêÆɊ� ĀºĄÄóĄè�ê­º� óĢºĄ�áá�
­óêđÏêėºĈ�đó�ÏèĀ�­đ�đÌº�Ïê³ėĈđĄĩɭĈ��«ÏáÏđĩ�đó�ɞ�ɟ�ĈėĀĀóĄđ�º­óêóèÏ­�
ÆĄóģđÌɊ�ɞ«ɟ�óĀđÏèÏįº��ĈĈºđ�ėđÏáÏį�đÏóêɊ�ɞ­ɟ�óĢºĄ­óèº�³ĄÏĢºĄ�ĈÌóĄđ�ÆºɊ�
�ê³�ɞ³ɟ�Ąº³ė­º�Ąó�³�­óêÆºĈđÏóê�đÌ�đ�ÏèĀ�­đĈ��áá�Ąó�³�ėĈºĄĈɐ

��ȪȨȨȮ�Ĉđė³ĩ�«ĩ�zĄ�êĈĀóĄđ���ê�³��ºĈđÏè�đº³�đÌ�đ�đÌº�óĢºĄ�áá�­óĈđ�
óÄ�ėĄ«�ê�Ąó�³�­óêÆºĈđÏóêɊ�Ïê­áė³ÏêÆ�đÌº�º­óêóèÏ­�­óĈđĈ�óÄ�áóĈđ�đÏèºɊ�
ģ�Ĉđº³�ÄėºáɊ��ê³�.6.�ºèÏĈĈÏóêĈɊ�Ą�êÆº�ÄĄóè�ȫɐȩ�đó�ȬɐȮ�«ÏááÏóê�ɞȪȨȨȮɟ�
��Sɴ�Ïê���ê�³�Ɋ�ģÏđÌ�ȰȨʘ�óÄ�đÌº�đóđ�á�­óĈđ��ĈĈÏÆêº³�đó�đÌº�.Ąº�đºĄ�
zóĄóêđó��Ąº�Ɋ�QóêđĄº�áɊ��ê³���ê­óėĢºĄ�ɜȫȮɝɐ

,ėĄđÌºĄèóĄºɊ�­óêÆºĈđÏóê�­�ê�«º��ĈĈó­Ï�đº³�ģÏđÌ�ĈđĄºĈĈɊ��ĵº­đÏêÆ�đÌº�
ģºááêºĈĈ��ê³�Ĉ�Äºđĩ�óÄ�³ĄÏĢºĄĈ��ê³�ÏèĀ�­đÏêÆ�đÌº�ĀºĄ­ºÏĢº³��đđĄ�­đ-
ÏĢºêºĈĈ�óÄ�đĄė­ÞÏêÆ�Ûó«Ĉɐ

5. Environmental and Health Impacts

5.1. Accidents

QóđóĄ�ĢºÌÏ­áº� Ĉ�Äºđĩ�Ì�Ĉ� ÏèĀĄóĢº³�óĢºĄ� đÌº�Ā�Ĉđ�³º­�³ºĈ�«ėđ� ĈđÏáá�
Ąºè�ÏêĈ���ĈºĄÏóėĈ�­óê­ºĄê�ÄóĄ�đÌº�Ąó�³�ÄĄºÏÆÌđ�Ïê³ėĈđĄĩɐ

9ê�ȪȨȩȭɊ�ÛėĈđ�óĢºĄ�ȬȨȨ�³º�đÌĈ�ó­­ėĄĄº³��Ĉ���ĄºĈėáđ�óÄ�­óááÏĈÏóêĈ�ÏêĢóáĢ-
ÏêÆ� Ąó�³� ÄĄºÏÆÌđ� ĢºÌÏ­áºĈɊ� �� Ĉė«Ĉđ�êđÏ�á� Ąº³ė­đÏóê�óÄ�ȬȰʘ� ÄĄóè� đÌº�
èóĄº�đÌ�ê�ȮȨȨ�Ä�đ�áÏđÏºĈ�Ïê�ȩȱȱȯɊ�ɞFigure 5.1Aɟ��ê³���³º­áÏêº�ÄĄóè�ȫɐȭ�
Ä�đ�áÏđÏºĈ�ĀºĄ�«ÏááÏóê�zGQ�Ïê�ȩȱȱȯ�đó�ȩɐȭ�Ä�đ�áÏđÏºĈ�ĀºĄ�«ÏááÏóê�zGQ�Ïê�
ȪȨȩȭ�ɞFigure 5.1Bɟɐ

9ê� ­óèĀ�ĄÏĈóêɊ�ÌóģºĢºĄɊ� Ä�đ�áÏđÏºĈ� �ĈĈó­Ï�đº³�ģÏđÌ�ĀºĄĈóê�á�ĢºÌÏ-
­áºĈ�Ì�Ĉ�³º­áÏêº³�«ĩ�ȯȨʘ�ÄóĄ�đÌ�đ�Ĉ�èº�ĀºĄÏó³ɐ�QóĄºóĢºĄɊ�­Ą�ĈÌºĈ�
ÏêĢóáĢÏêÆ�6��Ĉ�èóĄº�ÄĄºăėºêđáĩ�­�ėĈº�ĈºĢºĄº�ÏêÛėĄÏºĈ��ê³�Ä�đ�áÏđÏºĈ�
đÌ�ê�đÌóĈº�ÏêĢóáĢÏêÆ�Ā�ĈĈºêÆºĄ�ĢºÌÏ­áºĈ�ɜȫȰɝɐ

.ÏĢºê�đÌº�ê�đėĄº�óÄ�đÌº�ģóĄÞ�ģÏđÌ�èóêóđóêóėĈ�áóêÆ�ÌóėĄĈɊ�³ĄÏĢºĄ�
Ä�đÏÆėº�ÏĈ�Ąº­óÆêÏįº³��Ĉ���­ĄÏđÏ­�á�ĄÏĈÞ�Ä�­đóĄ�áÏêÞº³�đó�­óááÏĈÏóêĈ�Ïê�
đÌº�Ąó�³�ÄĄºÏÆÌđ�Ĉº­đóĄ�ɜȫȰɝɐ

��ê�³��ģóĄÞĈ�đó�è�ê�Æº�đÌÏĈ�ĄÏĈÞ�ģÏđÌ� ÏđĈ�ÌóėĄĈ�óÄ�ĈºĄĢÏ­º�ĄºÆė-
á�đÏóêĈ�ėê³ºĄ� đÌº���ê�³�ɭĈ�QóđóĄ��ºÌÏ­áº�zĄ�êĈĀóĄđ��­đɊ� ĄºĈđĄÏ­đ-
ÏêÆ�³ĄÏĢºĄĈ� đó� ȩȫ�ÌóėĄĈ�óÄ�³ĄÏĢº� đÏèº�óĄ� ȩȬ�ÌóėĄĈ�óÄ�óêɢ³ėđĩ� đÏèº�
ĀºĄ�³�ĩ�ɜȫȱɝ�ģÏđÌ��ê�ÏèĀºê³ÏêÆ��èºê³èºêđ�đÌ�đ�è�ê³�đºĈ�đÌº�ėĈº�
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óÄ� ºáº­đĄóêÏ­� áóÆÆÏêÆ� ³ºĢÏ­ºĈ�
ɞ"I�ɟ�đó�đĄ�­Þ��ê³�ĢºĄÏÄĩ�³ėđĩ�
ÌóėĄĈ�ɜȫȰɝɐ

�­ĄóĈĈ� đÌº� ­óėêđĄĩɊ� Ïê�³ºăė�đº�
�ê³�Ïê­óêĈÏĈđºêđ�³ĄÏĢºĄ�đĄ�ÏêÏêÆ�
ÏĈ��áĈó�áÏêÞº³�đó��­­Ï³ºêđĈ�Ïê�đÌº�
đĄė­ÞÏêÆ� Ĉº­đóĄɐ� zÌÏĈ� ÏĈĈėº� Ąº-
­ºÏĢº³�ê�đÏóê�á��đđºêđÏóê�Ïê��ĀĄÏá�
ȪȨȩȰ� Ïê� đÌº�ģ�Þº�óÄ� đÌº�³ºĢ�Ĉ-
đ�đÏêÆ��­­Ï³ºêđ�ÏêĢóáĢÏêÆ���­óè-
èºĄ­Ï�á�đĄ�­đóĄɢđĄ�ÏáºĄ��ê³���«ėĈ�
­�ĄĄĩÏêÆ� đÌº�6ėè«óá³đ��Ąóê­óĈ�
ÛėêÏóĄ�Ìó­Þºĩ�đº�èɊ�ĄºĈėáđÏêÆ�Ïê�
đÌº�³º�đÌĈ�óÄ�ȩȮ�ĀºóĀáº�ɜȬȨɝ�ɞBox 
5.1ɟɐ

,óááóģÏêÆ� đÌº� 6ėè«óá³đ�
�Ąóê­óĈ� đĄ�Æº³ĩɊ� �á«ºĄđ�� �ê³�
q�ĈÞ�đ­Ìºģ�ê� ÏêđĄó³ė­º³�
Ĉđ�ê³�Ą³Ïįº³�è�ê³�đóĄĩ�ºêđĄĩɢ
áºĢºá� đĄ�ÏêÏêÆ� ɞQ"Izɟ� ÄóĄ�êºģ�
­óèèºĄ­Ï�á�³ĄÏĢºĄĈɊ��áóêÆ�ģÏđÌ�
ºêÌ�ê­º³� Ĉ�Äºđĩ� Ĉđ�ê³�Ą³Ĉ� đó�
«º�ÏèĀáºèºêđº³�Ïê�Q�Ą­Ì�ȪȨȩȱ�
ɜȬȩɝɐ�\êđ�ĄÏó� ÏĈ� đÌº� óêáĩ� óđÌºĄ�
ĀĄóĢÏê­º�ģÏđÌ�Q"Iz� ĄºÆėá�đÏóêĈ� �ê³� đÌº� Äº³ºĄ�á� ÆóĢºĄêèºêđ� Ì�Ĉ�
�ÆĄºº³�đó�³ºĢºáóĀ���ê�đÏóê�á�đĄ�ÏêÏêÆ�Ĉđ�ê³�Ą³�ɜȬȩɝɐ

mºÆėá�đÏóêĈ� áÏÞº�Q"IzɊ�ÌóėĄĈ�óÄ�ĈºĄĢÏ­º� áÏèÏđĈ��ê³�"I��è�ê³�đºĈ�
�Ąº�êºº³º³�đó�ÏèĀĄóĢº�Ĉ�ÄºđĩɊ�«ėđ�đÌºĩ�ģÏáá�áÏÞºáĩ�Ì�Ģº��ê�ÏèĀ�­đ�óê�
đÌº�Ïê³ėĈđĄĩɭĈ�ĀĄó³ė­đÏĢÏđĩ��ê³��ĈĈºđ�ėđÏáÏį�đÏóê��ê³�ĀĄóĢÏê­ºĈ��Ąº�
ĸê³ÏêÆ�đÌºèĈºáĢºĈ�­Ì�ááºêÆº³�đó�«�á�ê­º�­óèĀėáĈóĄĩ�đĄ�ÏêÏêÆ�ģÌÏáº�
è�ê�ÆÏêÆ�ĈºĢºĄº�³ĄÏĢºĄ�ĈÌóĄđ�ÆºĈ�ɜȬȨɝɐ

Figure 5.1 Trends in fatalities resulting from 
motor vehicles in 2015 (A) and Road Freight-
Related Fatalities per GTKM Moved (B). Based 
on data from Transport Canada [37].

"In 2015, just over 400 deaths occurred as a result of 

collisions involving road freight vehicles... driver fatigue is a 

critical risk factor... [and] inadequate and inconsistent driver 

training is also linked to accidents in the trucking sector." 
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�­­Ï³ºêđĈ��áĈó�Ì�Ģº�ĸê�ê­Ï�á�ÏèĀáÏ­�đÏóêĈ�đó�đÌº�Ïê³ÏĢÏ³ė�á��ê³�đó�
đÌº�đ�ĨĀ�ĩºĄɐ��­­óĄ³ÏêÆ�đó���ȪȨȩȨ�Ĉđė³ĩ�ĀĄºĀ�Ąº³�ÄóĄ�đÌº�"³èóêđóê�
��ĀÏđ�á�mºÆÏóê�9êđºĄĈº­đÏóê�q�Äºđĩ�i�ĄđêºĄĈÌÏĀɊ�ºĢºĄĩ�Ä�đ�á�­óááÏĈÏóê�
ÏĈ�ºĈđÏè�đº³�đó�Ïê­ėĄ�³ÏĄº­đ�­óĈđĈ��Ąóėê³�ȩȰȨɊȨȨȨ���Sɴ��ĈĈó­Ï�đº³�
ģÏđÌ�ĀĄóĀºĄđĩ�³�è�ÆºɊ�ºèºĄÆºê­ĩ�ĄºĈĀóêĈºɊ�Ìº�áđÌ�ĈºĄĢÏ­ºĈɊ� áºÆ�á�
ĈºĄĢÏ­ºĈɊ� đĄ�Ģºá�³ºá�ĩ��ê³�áóĈđ�ĀĄó³ė­đÏĢÏđĩɐ��Ìºê�­óĈđĈ��ĈĈó­Ï�đº³�
ģÏđÌ�ÄėđėĄº�Ïê­óèº�áóĈĈºĈ��ê³�­óĈđ��ĈĈó­Ï�đº³�ģÏđÌ�Ā�ÏêɊ�ĈėĵºĄÏêÆ�
�ê³� ÆĄÏºÄ� �Ąº� ­óêĈÏ³ºĄº³Ɋ� đÌº� ­óĈđ� ĀºĄ� Ä�đ�á� ­óááÏĈÏóê� Ïê­Ąº�ĈºĈ� «ĩ�
�êóđÌºĄ�ȩɐȯ�èÏááÏóê���SɴɊ�êóđ�Ïê­áė³ÏêÆ�đÌº�Ĉđ�đÏĈđÏ­�á�Ģ�áė�đÏóê�
óÄ�áÏÄº�ɜȬȪɝɐ

5.2. Air Pollution

�ÏĄ� ĀóááėđÏóê� ÏĈ� �� ÆĄóģÏêÆ� ­óê­ºĄê� �ĈĈó­Ï�đº³�ģÏđÌ� ÄĄºÏÆÌđ� đĄ�êĈ-
ĀóĄđ�đÏóêɊ� Ā�ĄđÏ­ėá�Ąáĩ� ÄóĄ� Ąó�³� ÄĄºÏÆÌđ� ĄėêêÏêÆ� óê� ³ÏºĈºá� ÏêđºĄê�á�
­óè«ėĈđÏóê�ºêÆÏêºĈɐ�9ê�Ä�­đɊ�è�êĩ�èėêÏ­ÏĀ�áÏđÏºĈ��Ąóėê³�đÌº�ģóĄá³�
Ì�Ģº�đ�Þºê�ĈđºĀĈ�đó�«�ê�đÌº�ėĈº�óÄ�³ÏºĈºá�­óè«ėĈđÏóê�ºêÆÏêºĈ�ģÏđÌÏê�
đÌºÏĄ�­Ïđĩ�áÏèÏđĈɐ

�Ĉ�óÄ�qºĀđºè«ºĄ�ȪȨȩȰɊ�ȩȰ�­óėêđĄÏºĈ��ê³�óĢºĄ�ȩȮ�è�ÛóĄ�ÏêđºĄê�đÏóê�á�
­ÏđÏºĈ�ɞBox 5.2ɟ�Ì�Ģº�ÏêđĄó³ė­º³�Āá�êĈ�đó�ĀÌ�Ĉº�óėđ�ÏêđºĄê�á�­óè«ėĈ-
đÏóê�ºêÆÏêº�ĢºÌÏ­áºĈ��ê³ɖóĄ�ÏêđĄó³ė­º�Ïê­ºêđÏĢºĈ�ÄóĄ�đÌº��³óĀđÏóê�óÄ�
ºáº­đĄÏ­�ĢºÌÏ­áºĈ�«ºđģººê�ȪȨȪȨ��ê³�ȪȨȬȨɐ�mº­ºêđáĩɊ��ĄÏđÏĈÌ��óáėè«Ï��
�áĈó�è�ê³�đº³���įºĄóɢºèÏĈĈÏóê�ĢºÌÏ­áº�Ĉđ�ê³�Ą³�«ĩ�ȪȨȬȨ�ɜȬȫɝɐ

Box 5.1. The Humboldt Broncos Tragedy

On April 6, 2018, a tractor trailer collided with a bus carrying the Humboldt 
Broncos hockey team on a rural Saskatchewan intersection, tragically 
killing a total of 16 people including 10 hockey players between the ages of 
18 and 21, the head coach, the assistant coach, an athletic therapist, two 
media personnel and the bus driver.

The truck driver was charged with 16 counts of dangerous operation of 
a motor vehicle causing death and 13 counts of dangerous operation of a 
vehicle causing bodily injury, and was sentenced to 10 years in prison.

The driver was employed by a two-truck, Alberta-based trucking company 
and according to CBC News, the driver of the tractor trailer unti was on his 
ĆUVW�WULS�DV�D�SURIHVVLRQDO�GULYHU�DQG�KDG�RQO\�UHFHLYHG����KRXUV�RI�EHKLQG�
the-wheel training prior to this devastating trip [40].

The heartbreaking incident brought to light serious safety concerns 
arising from inconsistent and inadequate training standards across the 
fragmented trucking sector. 
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QóĄºóĢºĄɊ� ģÏđÌ� đÌº� �³óĀđÏóê�
óÄ� đÌº� �áº�ê� �ÏĄ� �­đÏóê� iá�ê�
ɞ���iɟɊ�đÌº�ióĄđ�óÄ�IóĈ��êÆºáºĈ�
�ê³� IóêÆ� �º�­Ì� Ì�Ģº� Āá�êĈ� đó�
ÆÏĢº� ĀĄºÄºĄºê­º� đó� êº�ĄɢįºĄó�
�ê³�įºĄóɢºèÏĈĈÏóê�6��ĈɊ�Ą�đÌ-
ºĄ�đÌ�ê�³ÏºĈºá�ºêÆÏêºĈɊ�ºêđºĄÏêÆ�
đÌºÏĄ�đºĄèÏê�áĈ�ɜȬȬɝɐ

�ÏºĈºá� 6��Ĉ� �Ąº� �� á�ĄÆº� ­óê-
đĄÏ«ėđóĄ� óÄ� �ÏĄ� Āóááėđ�êđĈ� Ïê�
��ê�³�ɐ�S�đÏóê�ááĩɊ���ê�³��Ì�Ĉ�
«ººê� �«áº� đó� Ąº³ė­º� �ÏĄ� Āóá-
áėđ�êđĈ� ɞFigure 5.2A) despite 
ÆĄóģđÌ�Ïê�đĄ�êĈĀóĄđ�đÏóê��­đÏĢ-
Ïđĩɐ�6óģºĢºĄɊ��­­óĄ³ÏêÆ�đó�³�đ��
ĄºđĄÏºĢº³� ÄĄóè� "êĢÏĄóêèºêđ�
��ê�³�Ɋ� �á«ºĄđ�� Ì�Ĉ� êóđ� «ººê�
�«áº� đó� �­ÌÏºĢº� đÌº� Ĉ�èº� áºĢºá�
óÄ� Ąº³ė­đÏóêĈ� Ïê� 6��Ĉ� �Ĉ� đÌº�
ê�đÏóê�á��ĢºĄ�Æº�ɞFigure 5.2Bɟɐ�
,óĄ� ºĨ�èĀáºɊ� Ïê� �á«ºĄđ�� ÄĄóè�
ȩȱȱȨ� đó� ȪȨȩȮɊ� S\ĨɊ� ģÌÏ­Ì� ÏĈ�
áÏêÞº³� đó� �­Ï³� Ą�ÏêɊ� ĈèóÆɊ� Ìė-
è�ê� Ìº�áđÌ� Ì�į�Ą³Ĉ� �ê³� óđÌºĄ�
ºêĢÏĄóêèºêđ�á� ºĵº­đĈɊ� Ì�Ĉ� Ïê-
­Ąº�Ĉº³� «ĩ� ȪȬʘɐ� S�đÏóê�ááĩɊ�
S\Ĩ� ºèÏĈĈÏóêĈ� Ì�Ģº� ³º­Ąº�Ĉº³�
«ĩ�Ȫȫʘɐ

9èĀĄóĢºèºêđĈ� Ïê� Ąº³ė­ÏêÆ� �ÏĄ�
ĀóááėđÏóê� �ĈĈó­Ï�đº³� ģÏđÌ� Ąó�³�
ÄĄºÏÆÌđ�­�ê�«º��đđĄÏ«ėđº³�đó�óêɢ
Ąó�³� ĢºÌÏ­áº� �ê³� ºêÆÏêº� ºèÏĈ-
ĈÏóê� ĄºÆėá�đÏóêĈ� ɜȬȮɝ� đÌ�đ� đóóÞ�
ºĵº­đ�Ïê�ȪȨȨȬ�Ïê�ºĵóĄđĈ�đó�­óê-
đĄóá�S\Ĩ��ê³�Ā�ĄđÏ­ėá�đº�è�đđºĄ�
ºèÏĈĈÏóêĈɕ� Ā�ĄđÏ­ėá�đº� è�đđºĄ�

Box 5.2. Nations and Cities with Actions to 
Phase-out Internal Combustion Engines

From Centre for Climate Protection [43]

Nations

Austria  India  Scotland

Britain  Ireland  South Korea

China  Israel  Spain

Costa Rica Japan  Taiwan

Denmark Netherlands Germany

France  Norway Portugal

Cities

Athens  London  Quito

Auckland Los Angeles Rome

Barcelona Madrid  Seattle

Cape Town Milan  Vancouver

Copenhagen Mexico City

Heidelberg Paris

Figure 5.2. Trends in air pollution 
from diesel-fueled road freight 
transportation in Canada (A) and 
Alberta (B), including nitrogen oxides 
(NO

x
, right axis), sulphur oxides (SO

x
), 

and particulate matter with a diameter 
of 2.5 microns or less (PM

2.5
). Data 

from the Government of Canada [45].
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Figure 5.3. Trends in GHG emissions from freight 
transport in Canada (A) and Alberta (B). Based on data 
from the National Inventory Report [5], assuming that the 
split between HDV and Other Road Frieght is 62%/38% 
[9].
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"...from a climate change 

perspective, the attention needs 

to be focused on developing and 

implementing extremely low... or 

zero-emission transportation fuel."

Figure 5.4. Scenario analysis for GHG emission reductions from mode shift and 
HQHUJ\�HIĆFLHQF\��(FR�VKLIW�OLJKW�>DQG�GHHS@�UHSUHVHQWV�D����>��@�ORDG�IDFWRU�
LPSURYHPHQW������>���@�IXHO�HIĆFLHQF\�JDLQ��DQG�����>���@�RI�VXUIDFH�IUHLJKW�
moving by rail. Refernce case accounts for all existing and impending policy. 
Analysis completed previously by author [49].
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6. Forces for Systems Change 
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Figure 6.1. Summary of the challenges and unintended consequences of Canada's 
road freight transportation sector.
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Figure 6.2. Zero-emissions electric truck options. The shaded boxes represent 
technologies that are aboard the vehicles; steam methane reforming [SMR].
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iºĄÌ�ĀĈ�«ĩ�­óè«ÏêÏêÆ�đÌ�ÏĈ�đº­ÌêóáóÆĩ�ģÏđÌ�óđÌºĄ�ºèºĄÆÏêÆ�ÏêêóĢ-
�đÏóêĈ�áÏÞº�³ÏÆÏđ�á�­óêêº­đÏĢÏđĩ��ê³��ėđóêóèóėĈ�đĄė­ÞĈɊ�đÌº�­�Ĉº�ÄóĄ�
đÌº�ºáº­đĄÏ­�6���­�ê�«º�ĈđĄºêÆđÌºêº³ɐ�

6.2. Autonomous Trucking and Platooning 

�ėđóêóèóėĈ�đº­ÌêóáóÆĩ� Ïê� ÏđĈ�Ģ�ĄÏóėĈ�ÄóĄèĈ�Ì�Ĉ�èė­Ì��ĀĀº�á� ÄóĄ�
đÌº�Ąó�³�ÄĄºÏÆÌđ�Ĉº­đóĄɐ��đ�áóģºĄ�áºĢºáĈ�óÄ��ėđóè�đÏóêɊ�Äº�đėĄºĈ�áÏÞº�
�³�ĀđÏĢº� ­ĄėÏĈº� ­óêđĄóá� �ê³� ­óááÏĈÏóê� �ĢóÏ³�ê­º� ­�ê� ÌºáĀ� ºêÌ�ê­º�
đÌº�³ĄÏĢºĄ�ºĨĀºĄÏºê­º��ê³�ÏèĀĄóĢº�Äėºá�ºĶ­Ïºê­ĩ��ê³�Ĉ�Äºđĩɐ�Q�êĩ�
6��Ĉ�Ïê���ê�³���áĄº�³ĩ��³óĀđ�đÌÏĈ�đº­ÌêóáóÆĩɐ

zĄė­Þ� Āá�đóóêÏêÆ� đº­ÌêóáóÆĩ�è�³º� ĀóĈĈÏ«áº� «ĩ� ĢºÌÏ­áº� đó� ĢºÌÏ­áº�
ɞ�Ȫ�ɟ� ­óèèėêÏ­�đÏóê� �ê³� �ėđóêóèóėĈ� đº­ÌêóáóÆĩ� �ááóģĈ� đģó� óĄ�
èóĄº�đĄė­ÞĈ�đó�đĄ�Ģºá�ĢºĄĩ�­áóĈº�đó�óêº��êóđÌºĄ��đ�ÌÏÆÌ�ĈĀºº³ĈɊ��­-
­ºáºĄ�đÏêÆ� �ê³� ³º­ºáºĄ�đÏêÆ� Ïê� ėêÏĈóêɐ� zÌÏĈ� Ąº³ė­ºĈ� �ºĄó³ĩê�èÏ­�
³Ą�Æ��ê³�đÌº�Äėºá�­óĈđ�ÄóĄ��áá�«ėđ�đÌº�ĸĄĈđ�ĢºÌÏ­áº�ɜȮȨɝɐ

�áđÌóėÆÌ�đÌºĄº��Ąº�Ĉóèº�đÌ�đ��Ąº�êóđ�­óêĢÏê­º³�óÄ�đÌº��­đė�á�Äėºá�
Ĉ�ĢÏêÆĈ�Ïê�Ąº�á�ģóĄá³��ĀĀáÏ­�đÏóêĈ�ģÌºĄº�Ïđ�ÏĈ�ĀóĈĈÏ«áº�ÄóĄ�Āá�đóóêĈ�đó�
«º�«ĄóÞºêɢėĀ�ɜȮȩɝɊ���Ąº­ºêđ�Q­GÏêĈºĩ�ĄºĀóĄđ�ɜȮȪɝ�Ì�Ĉ�ĀĄóĀóĈº³�đÌ�đ�
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đÌº�³ºĀáóĩèºêđ�óÄ��ėđóêóèóėĈ�đĄė­ÞÏêÆ�ģÏáá�Ąóáá�óėđ�Ïê�đÌº�Äóááóģ-
ÏêÆ�ÄóėĄ�ɫ��ĢºĈɭ�óê��q�ÌÏÆÌģ�ĩĈ�óĢºĄ�đÌº�êºĨđ�ȩȨ�ĩº�ĄĈɉ

 � Wave 1:� ɞȪȨȩȰɢȪȨɟɐ� �óêĈđĄ�Ïêº³� Āá�đóóêÏêÆ� óÄ� đģó� đĄė­ÞĈɊ�
ģÏđÌ�đģó�³ĄÏĢºĄĈ�óê�ÏêđºĄĈđ�đº�ÌÏÆÌģ�ĩĈɊ�«ėđ�đÌºĩ�³ĄÏĢº�Ïê-
³ºĀºê³ºêđáĩ�óê�óđÌºĄ�Ąó�³Ĉɐ�zÌĄóėÆÌ�Äėºá�Ĉ�ĢÏêÆĈɊ�đÌÏĈ�ģóėá³�
Ąº³ė­º�đÌº�đóđ�á�­óĈđ�óÄ�óģêºĄĈÌÏĀ�ɞz�\ɟ�«ĩ�ȩʘɐ

 � Wave2: ɞȪȨȪȪɢȪȭɟɐ��óêĈđĄ�Ïêº³�Āá�đóóêÏêÆ�óÄ�đģó�đĄė­ÞĈɊ�ģÏđÌ�
óêº�³ĄÏĢºĄ� Ïê� áº�³�ĢºÌÏ­áº�óê� ÏêđºĄĈđ�đº�ÌÏÆÌģ�ĩĈɐ���Ĉº­óê³�
³ĄÏĢºĄ�ÏĈ�Ąº­ĄėÏđº³�đó�³ĄÏĢº�đÌº�Ĉº­óê³�ĢºÌÏ­áº�óê�óđÌºĄ�ÌÏÆÌ-
ģ�ĩĈɐ�zÌĄóėÆÌ�Äėºá��ê³�Ĉ�á�Ąĩ�Ĉ�ĢÏêÆĈɊ�z�\�ģóėá³�«º�Ąº³ė­º³�
«ĩ�ȩȩʘɐ

 � Wave 3: ɞȪȨȪȭɢȪȯɟɐ� �óêĈđĄ�Ïêº³� �ėđóêóèĩ�ģÏđÌ� Āá�đóóêÏêÆ�
ÏêĢóáĢÏêÆ�èėáđÏĀáº�đĄė­ÞĈɊ�ģÏđÌ�óêáĩ�óêº�³ĄÏĢºĄ�Ïê�áº�³�ĢºÌÏ­áº�
óê�ÏêđºĄĈđ�đº�ÌÏÆÌģ�ĩĈɐ�zÌº�đĄė­ÞĈ�ģóėá³�«º�³ĄóĀĀº³�óĵ��đ�
³º³Ï­�đº³�đĄė­Þ�ĈđóĀĈ�ÄóĄ�óđÌºĄ�³ĄÏĢºĄĈ�đó�đ�Þº�đó�đÌºÏĄ�ĸê�á�
³ºĈđÏê�đÏóêɐ�zÌĄóėÆÌ�Äėºá��ê³�Ĉ�á�Ąĩ�Ĉ�ĢÏêÆĈɊ�z�\�ģóėá³�«º�
Ąº³ė­º³�«ĩ�ȪȨʘɐ

 � Wave 4:�ɞȪȨȪȯʚɟɐ�,ėáá��ėđóêóèĩ�ģÏđÌ��ėđóêóèóėĈ��ê³�Āá�-
đóóêÏêÆ� đĄė­ÞĈ� ³ĄÏĢÏêÆ� Ïê³ÏĢÏ³ė�ááĩ� óê� �áá� ÌÏÆÌģ�ĩĈ� �ê³� Ïê�
Āá�đóóêĈ�óÄ�Ȫ�óĄ�èóĄº�đĄė­ÞĈɐ�zÌĄóėÆÌ�Äėºá��ê³�Ĉ�á�Ąĩ�Ĉ�Ģ-
ÏêÆĈɊ�z�\�ģóėá³�«º�Ąº³ė­º³�«ĩ�Ȭȭʘɐ

�º­�ėĈº�óÄ�đÌºĈº�­óĈđ�Ĉ�ĢÏêÆĈɊ�èóĄº�ÄĄºÏÆÌđ�èóĢºèºêđ�­óėá³�«º�³Ï-
ĢºĄđº³�ÄĄóè�ºêºĄÆĩ�ºĶ­Ïºêđ�Ą�Ïáģ�ĩĈ�đó�èė­Ì�áºĈĈ�ºêºĄÆĩ�ºĶ­Ïºêđ�
đĄė­ÞĈ� ɞFigure 2.2ɟɊ� áº�³ÏêÆ� đó� ėêÏêđºê³º³� ºêĢÏĄóêèºêđ�á� ­óêĈº-
ăėºê­ºĈɊ�ºĈĀº­Ï�ááĩ�ÏÄ�đÌº�đĄė­ÞĈ��Ąº�³ÏºĈºá�Äėºáº³ɐ�9³º�ááĩɊ�đÌº�ĈÌÏÄđ�
đó�ĢºÌÏ­áº��ėđóêóèĩ�ĈÌóėá³�­óÏê­Ï³º�ģÏđÌ���ĈÌÏÄđ�đó�ĢºÌÏ­áº�ºáº­đĄÏ-
ĸ­�đÏóêɊ� �ê³� ĀóáÏ­ÏºĈ� ĈÌóėá³� «º� Ïê� Āá�­º� đó� ºê­óėĄ�Æº� óêÆóÏêÆ� óĄ�
ºĨĀ�ê³º³�ėĈº�óÄ�Ą�Ïá�ÄóĄ�ÄĄºÏÆÌđ�èóĢºèºêđɐ

�"q�mɭĈ�Ïê³ºĀºê³ºêđ��ĈĈºĈĈèºêđ�óÄ�đÌº�z�\�ÄóĄ�Äėááĩ��ėđóêóèóėĈ�
�ê³�ºáº­đĄÏ­�6���ĢºÌÏ­áºĈ�Āá�­º�Ĉ�ĢÏêÆĈ��đ��«óėđ�ȪȬʘ�«ºáóģ�đÌº�­ėĄ-
Ąºêđ�«ėĈÏêºĈĈ�èó³ºá�ɞFigure 6.3ɟɐ��ÌÏáº�óėĄ�ėê³ºĄáĩÏêÆ��ĈĈėèĀđÏóêĈ�
�Ąº�³ÏĵºĄºêđ�ÄĄóè�đÌóĈº� Ïê�đÌº�Q­GÏêĈºĩ�Ĉđė³ĩɊ�đÌºĩ�³ó� ÏááėĈđĄ�đº�
đÌº�­óê­ºĀđ� đÌ�đ� Ïđ�è�ĩ�«º�ĀóĈĈÏ«áº� đó�Ì�ĄêºĈĈ���ĈđĄóêÆ�º­óêóèÏ­�

“A recent McKinsey report has proposed ...full autonomy 

[for HDV would] reduce the total cost of ownership (TCO) 

by 45%."
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³ĄÏĢºĄ� đó� �­ÌÏºĢº� ºêĢÏĄóêèºêđ�á�
ó«Ûº­đÏĢºĈɐ

�ÌÏáº�³ĄÏĢºĄáºĈĈ� đº­ÌêóáóÆĩ�ĈÌóėá³�
«º� �«áº� đó� �³³ĄºĈĈ� á�«óėĄ� ĈÌóĄđ�Æº�
­óê­ºĄêĈ�Ïê�đÌº�ÄĄºÏÆÌđ�Ĉº­đóĄɊ�đÌºĄº�
�Ąº� �áĈó� ­óê­ºĄêĈ� �«óėđ� đÌº� è�êĩ�
đÌóėĈ�ê³Ĉ�óÄ�đĄė­Þ�³ĄÏĢºĄĈ�đÌ�đ�è�ĩ�
áóĈº� đÌºÏĄ� ³ĄÏĢÏêÆ� Ûó«Ĉ� ɜȮȫɝɐ� \đÌºĄ�
ĄºĀóĄđĈ� ɜȮȬɝ� ­Ì�ááºêÆº� đÌÏĈ� �ĈĈºĄ-
đÏóê��ê³���Ąº­ºêđ�«óóÞ�è�ÞºĈ���­�Ĉº�
đÌ�đ�Æáó«�á�³ºĀóĀėá�đÏóê��ê³�ģóĄÞ-
ºĄ� ĈÌóĄđ�ÆºĈ� Ïê� �ÆÏêÆ� ĀóĀėá�đÏóêĈ�
�Ąº� đÌº� èė­Ì� «ÏÆÆºĄ� ­Ì�ááºêÆº� Ïê�
đÌº�³º­�³ºĈ�áº�³ÏêÆ�đó�đÌº�èÏ³ɢȪȩĈđ�
­ºêđėĄĩɐ

6ÏĈđóĄĩ�Ì�Ĉ�ĈÌóģê�đÌ�đ�³ÏĈĄėĀđÏóêĈ�
óÄ�đÌÏĈ�ê�đėĄº��Ąº�³ÏĶ­ėáđ� đó��ĢóÏ³�
ɜȮȭɝɊ� «ėđ� �³�ĀđÏêÆ� đó� đÌºè� ĈÌóėá³�
«º�Ā�Ąđ�óÄ��êĩ�đĄ�êĈÏđÏóê�ĈđĄ�đºÆĩ�Ïê�
��Ą�ĀÏ³áĩ�­Ì�êÆÏêÆ�ģóĄá³ɐ

6.3. Connected Vehicles

�� ĢºÌÏ­áº� đÌ�đ� ÏĈ� ­�Ā�«áº� óÄ� ­óè-
èėêÏ­�đÏêÆ� �ê³� ĈÌ�ĄÏêÆ� ÏêÄóĄè�-
đÏóê� ģÏđÌ� ÏđĈ� ĈėĄĄóėê³ÏêÆĈ� ėĈÏêÆ�
ĈÌóĄđɢĄ�êÆº�ģÏĄºáºĈĈ�³ºĢÏ­ºĈ�ÏĈ�Þêóģê��Ĉ���­óêêº­đº³�ĢºÌÏ­áº�ɜȮȮɝɐ�
zÌÏĈ�³ÏĵºĄĈ�ÄĄóè��ėđóè�đº³�óĄ��ėđóêóèóėĈ�ĢºÌÏ­áºĈ�ģÌÏ­Ì�ĄºÄºĄĈ�
èóĄº� đó� đÌº� ĢºÌÏ­áº� Äėê­đÏóêĈ� đÌ�đ� �Ąº� ­óêđĄóááº³� ģÏđÌóėđ� ³ĄÏĢºĄ�
ÏêĀėđɐ�zÌº�đº­ÌêóáóÆÏºĈ��Ąº� Ïê³ºĀºê³ºêđ�«ėđ�đóÆºđÌºĄ��Ąº�­óèĀáÏ-
èºêđ�Ąĩ�ɜȮȮɝ�ɞĈºº��óĨ�Ȯɐȩ�ÄóĄ�³ºĸêÏđÏóêĈɟɐ

zÌºĄº� ÏĈ� �áèóĈđ� �ê� ºê³áºĈĈ� ­óè«Ïê�đÏóê� óÄ� ­óèèėêÏ­�đÏóê� Ā�đ-
đºĄêĈ�đÌ�đ�­�ê�ÏêĢóáĢº�đÌº�­óêêº­đº³�ĢºÌÏ­áºɐ�,óĄ�ÏêĈđ�ê­ºɊ��ĀĀáÏ­�-
đÏóêĈ�­�ê�Ïê­áė³º��Ȫ�Ɋ�ĢºÌÏ­áº�đó�Āº³ºĈđĄÏ�ê�ɞ�ȪiɟɊ�ĢºÌÏ­áº�đó�ÏêÄĄ�-
ĈđĄė­đėĄº�ɞ�Ȫ9ɟɊ�ĢºÌÏ­áº�đó�³ºĢÏ­º�ɞ�Ȫ�ɟɊ��ê³�èóĄº�ɜȮȯɝ�đÌ�đ�­�ê�ÌºáĀ�
�ĢóÏ³�­óááÏĈÏóêĈɊ�đĄ�Ķ­�­óêÆºĈđÏóêɊ��ê³�ÏèĀĄóĢº�Äėºá�ºĶ­Ïºê­ĩ�ɜȮȰɝɐ

�đ���ĈĩĈđºèĈ�áºĢºáɊ�­óêêº­đº³�ĢºÌÏ­áºĈ�­�ê�«º�Ā�Ąđ�óÄ��ê�9êđºááÏÆºêđ�
zĄ�êĈĀóĄđ�đÏóê�qĩĈđºè�ɞ9zqɟ��ê³�qè�Ąđ��óĄĄÏ³óĄĈɊ�áÏÞº�đÌóĈº�«ºÏêÆ�
³ºĢºáóĀº³�«ĩ�zĄ�êĈĀóĄđ���ê�³��ɜȮȱɝɐ�zÌºĈº�ĈĩĈđºèĈ�Ä�­ÏáÏđ�đº�ÏêÄóĄ-
è�đÏóê�ĈÌ�ĄÏêÆ�đÌĄóėÆÌ�đÌº�­Ąº�đÏóê�óÄ�ÏêđºĄ­óêêº­đº³�đĄ�êĈĀóĄđ�-
đÏóê�êºđģóĄÞĈɐ��ê�9zq�ėĈºĈ�ģÏĄºáºĈĈ��Ȫ�Ɋ��Ȫ9Ɋ��ê³��Ȫ��ÏêđºĄ�­đÏóêĈ�

Figure 6.3.�(VWLPDWHG�RSHUDWLQJ�FRVW�SURĆOH�IRU�
autonomous electric HDV. Calculated from Figure 
4.4C data assuming (a) drivers represent 70% of 
VDODU\��ZDJH�DQG�EHQHĆW�FRVWV�DQG�WKLV�SRUWLRQ�RI�
the cost is reduced by 90%; (b) asset cost increases 
are fully offset by increased use rate; (c) 30% lower 
maintenance cost; (d) no change to fuel and G&A 
costs.
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đó��­ÌÏºĢº�«ºêºĸđĈ�Ĉė­Ì��Ĉ�Ĉ�ÄºđĩɊ�Ĉº­ėĄÏđĩɊ�đĄ�Ķ­�èóêÏđóĄÏêÆɊ��ê³�
Ąóėđº�Āá�êêÏêÆ�ɜȯȨɝɐ

�đ���­óèĀ�êĩ�áºĢºáɊ�­óêêº­đº³�đº­ÌêóáóÆĩ�ÏĈ��áĈó�Ą�ĀÏ³áĩ��³Ģ�ê­ÏêÆ�
�Ĉ� ��Ĺººđ� �ê³� ĈÌÏĀèºêđ�è�ê�Æºèºêđ� đóóáɐ�zºáºè�đÏ­Ĉ� đº­ÌêóáóÆĩ�
ɜȯȩɝɊ�Ā�ÏĄº³�ģÏđÌ�9êđºĄêºđ�óÄ�zÌÏêÆĈ�ɞ9ózɟ�êºđģóĄÞĈ�ɜȯȪɝɊ�­óèèóêáĩ�
ėĈº�Æáó«�á�ĀóĈÏđÏóêÏêÆ�ĈĩĈđºèĈ�ɞ.iqɟ��ê³�óđÌºĄ�ĈºêĈóĄĈɊ�đó�­óááº­đ�
�ê³�Ĉºê³�Ąºèóđº�ÏêÄóĄè�đÏóê��«óėđ�đÌº�ĢºÌÏ­áº�áó­�đÏóê��ê³�óĀºĄ-
�đÏóêĈɐ�zÌº�³�đ��ĄºđĄÏºĢº³�­�ê�«º�­óèĀÏáº³Ɋ��ê�áĩįº³��ê³�è�ê�Æº³�
đó�ĀĄóèóđº�óĀºĄ�đÏóê�á�ºĶ­Ïºê­ÏºĈɊ�ºêÌ�ê­º�ĀĄó³ė­đÏĢÏđĩɊ��ê³�Ïè-
Āáºèºêđ�ĀĄºĢºêđ�đÏĢº�è�Ïêđºê�ê­º�ĀĄóÆĄ�èĈɐ

9ê��³³ÏđÏóêɊ�đÌÏĈ�đº­ÌêóáóÆĩ�­�ê�«º�ėĈº³�đó�ºê­óėĄ�Æº�ĀóĈÏđÏĢº�³ĄÏĢ-
ÏêÆ� «ºÌ�ĢÏóĄĈ� Ïê­áė³ÏêÆ� ºêÄóĄ­ÏêÆ� º­óɢ³ĄÏĢÏêÆ� �ê³� Ĉ�Äºɢ³ĄÏĢÏêÆ�
Ì�«ÏđĈ� «ĩ� ĄºĈđĄÏ­đÏêÆ� Ï³áÏêÆ� �ê³� ĈĀºº³� ­óêđĄóáɊ� �ê³� ­óêđĄóá� ³ĄÏĢºĄ�
ÌóėĄĈ�óÄ�ĈºĄĢÏ­º�ģÏđÌ�ºáº­đĄóêÏ­�áóÆÆÏêÆ�³ºĢÏ­ºĈ�ɞ"I�ɟɐ

%R[������&RQQHFWHG�9HKLFOH�'HĆQLWLRQV

Connected Vehicle: Technologies that ensure communications between a 
vehicle and its surroundings with short-range wireless devices [66]

Automated/Autonomous Vehicle: Vehicles with functions controlled 
by the vehicle without driver input. The Society of Automotive Engineers 
,QWHUQDWLRQDO��6$(��GHĆQHV�VL[�DXWRPDWLRQ�DFFRUGLQJ�WR�GHJUHH�RI�GULYHU�
involvement [66].

V2x: Describes the vehicle communication interaction type, which can 
include vehicle to: vehicle (V), infrastructure (I), pedestrian (P), device (D), 
and others [68].

Intelligent Transportation Systems: Technology that enables the 
collection and disbursement of information required for effective road 
transport decision making. This can include current/predictive travel 
FRQGLWLRQV��HOHFWURQLF�ĆOLQJ�RI�FRPPHUFLDO�YHKLFOH�FUGHQWLDOV�UHSRUWLQJ��DQG�
automated means of inspection/authentication [69].

Telematics: The technology of sending remote object information using 
a telecommunication device; commonly includes Global Position (GPS) 
vehicle tracking devices [71].

Internet of Things (IoT): A network of physical objects with embedded 
sensors that transmit information [72].

Block Chain: A distributed, yet secure community-shared digital database 
or "ledger" that requires data standardization and data validation 
performed by data chain paricipants [73].
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�Ìºê�đÌº�ÏêÄóĄè�đÏóê�Æ�Ïêº³�ÄĄóè�³ÏÆÏđ�á�đº­ÌêóáóÆĩ�ÏĈ�­óèèėêÏ-
­�đº³�Ïê�Ąº�áɢđÏèºɊ�ÄėĄđÌºĄ�ºĶ­Ïºê­ÏºĈ�­�ê�«º��đđ�Ïêº³�đÌĄóėÆÌ�Ąóėđº�
óĀđÏèÏį�đÏóê��ê³�Ĉ­Ìº³ėáÏêÆ�ĈóÄđģ�Ąº�ɜȯȪɝɐ

�ÌÏáº�đÌº�«ºêºĸđĈ�óÄ�đºáºè�đÏ­Ĉ��ê³�9\z�­�ê�«º��­ÌÏºĢº³�«ĩ�Ïê³ÏĢÏ³-
ė�á�áÏêÞĈ�Ïê�đÌº�ĈėĀĀáĩ�­Ì�ÏêɊ��áó­Þ��Ì�Ïê�Ìóá³Ĉ�đÌº�ĀĄóèÏĈº�đó�«º�đÌº�
Āá�đÄóĄè�đÌ�đ�­�ê�đĄ�êĈĀ�Ąºêđáĩ�ÏêđºÆĄ�đº�³�đ��ÄóĄ�đÌº�ºêđÏĄº�ĈėĀĀáĩ�
­Ì�ÏêɊ�Ïê­áė³ÏêÆ�«ėĩºĄĈɊ�ĈºááºĄĈɊ�­�ĄĄÏºĄĈɊ�đÌÏĄ³ɢĀ�Ąđĩ�áóÆÏĈđÏ­Ĉ�ĀĄóĢÏ³-
ºĄĈɊ�­ėĈđóèĈ��ÆºêđĈ��ê³�óđÌºĄ�Ĉđ�ÞºÌóá³ºĄĈ�ɡ�đÌºĄº«ĩ�ÏèĀĄóĢÏêÆ�đĄėĈđ�
�ê³�ºĨĀº³ÏđÏêÆ�Äºº³«�­Þ�áóóĀĈ�ɜȯȫɝɐ

zÌº�ĈèóóđÌ�ºĨ­Ì�êÆº�óÄ�³�đ���­ÌÏºĢº³�đÌĄóėÆÌ�³ÏÆÏđ�á�đº­ÌêóáóÆĩ�
ģÏáá�ÄóĈđºĄ�đÌº�­óáá�«óĄ�đÏóê�đó�ÏêĈĀÏĄº�óĀºĄ�đÏóê�á�ºĶ­Ïºê­ĩ�ģÏđÌ-
Ïê���ĈđĄºêÆđÌºêº³�ÏêđºÆĄ�đº³�ĈėĀĀáĩ�­Ì�Ïêɐ�,ėĄđÌºĄèóĄºɊ�đÌº�Ĉđ�ê-
³�Ą³Ïį�đÏóê�ĄºăėÏĄº³�ÄóĄ�đÌº�đº­ÌêóáóÆĩɭĈ�Ĉė­­ºĈĈ�ģÏáá�ĄºÏêÄóĄ­º�đÌº�
êóđÏóê� óÄ� ÌóáÏĈđÏ­� ĈĩĈđºèĈ� đÌÏêÞÏêÆ�ģÌºê� Ïđ� ­óèºĈ� đó� óėĄ� ÄĄºÏÆÌđ�
đĄ�êĈĀóĄđ�đÏóê�ĈĩĈđºèĈɐ

6.4. Collaborative Transportation Management (CTM)

�Ĉ�Ĉó­Ïºđĩ�èóĢºĈ�đóģ�Ą³Ĉ���­ėáđėĄº�đÌ�đ�Ģ�áėºĈ�ĈÌ�Ąº³�ÏêđºĄºĈđ�óĢºĄ�
Ïê³ÏĢÏ³ė�á�Æ�ÏêĈɊ�­óáá�«óĄ�đÏĢº�«ėĈÏêºĈĈ�èó³ºáĈ��Ąº�ºĢóáĢÏêÆɐ��zQ�
óĄ�­óáá�«óĄ�đÏĢº�áóÆÏĈđÏ­Ĉ�ÏĈ��ê�ºĨ�èĀáº�óÄ�đÌÏĈ�Ĉó­Ï�á��ê³�«ėĈÏêºĈĈ�
èó³ºá� ÏêêóĢ�đÏóê� đÌ�đ� ºê­óėĄ�ÆºĈ� �ê� óĀºê� ºĨ­Ì�êÆº� óÄ� ÏêÄóĄ-
è�đÏóêɊ�ÛóÏêđ�đĄ�êĈĀóĄđ�đÏóê��ê³�áóÆÏĈđÏ­Ĉ�Āá�êêÏêÆɊ��ê³ɖóĄ��ĈĈºđ�
ĈÌ�ĄÏêÆ�«ºđģººê�óĄÆ�êÏį�đÏóêĈ�ģÏđÌ�­óèèóê�êºº³Ĉ�ĩºđ��Ąº�ĀóĈ-
ĈÏ«áĩ�­óèĀºđÏđóĄĈ�ɜȯȬɝɐ�

�óè«Ïêº³�ģÏđÌ� ³ÏÆÏđ�á� ÏêÄóĄè�đÏóêɊ� ÄĄºÏÆÌđ� ºĨ­Ì�êÆºĈ� �ê³� đÌÏĄ³ɢ
Ā�Ąđĩ�áóÆÏĈđÏ­Ĉ�ɞȫiIɟ�ĀĄóĢÏ³ºĄĈ�Ì�Ģº��ê�ÏèĀóĄđ�êđ�Ąóáº�Ïê�Ä�­ÏáÏđ�đÏêÆ�
đÌº�ĈÌÏÄđ�đóģ�Ą³Ĉ��zQ�«ĩ�ĀĄóĢÏ³ÏêÆ�đÌº�Āá�đÄóĄè�ÄóĄ�Ā�ĄđÏ­ÏĀ�êđĈ�đó�
ó«Ûº­đÏĢºáĩ� ĈÌ�Ąº� ĄºĈóėĄ­ºĈ��ê³�ºĨĀ�ê³�­�Ā�«ÏáÏđÏºĈɐ�zÌÏĈ� Ąóáº�ģÏáá�
óêáĩ�«º­óèº�èóĄº�­ĄÏđÏ­�á�ģÏđÌ�đÌº�ºĨĀ�êĈÏóê�óÄ�ºɢ­óèèºĄ­º��ê³�
­ėĈđóèÏįº³�è�êėÄ�­đėĄÏêÆ�ɜȯȭɝɐ

�zQ�Ì�Ĉ�«ººê�ĄºĀóĄđº³�đó�Ąº³ė­º�đĄ�êĈĀóĄđ�đÏóê�­óĈđĈɊ�ĈÌóĄđºê�³º-
áÏĢºĄĩ�đÏèºĈ��ê³�óĀđÏèÏįº�áó�³�­�Ā�­Ïđĩ�«ĩ��Ĉ�èė­Ì��Ĉ�ȩȨʘ�đó�ȬȪʘ�
ɜȯȮɝɐ��zQ�ÏĈ��áĈó�đÌóėÆÌđ�đó�«º���ĀĄº³º­ºĈĈóĄ�đó�đÌº�iÌĩĈÏ­�á�9êđºĄêºđ�
đĄ�êĈÄóĄè�đÏóê�ɜȯȯɝ�³ÏĈ­ėĈĈº³�«ºáóģɐ

6.5. Physical Internet

zÌº�ĀÌĩĈÏ­�á� 9êđºĄêºđ� ­óê­ºĀđ� «ĄÏêÆĈ� đóÆºđÌºĄ�è�êĩ�óÄ� đÌº� �«óĢº�
ÏêêóĢ�đÏóêĈ� đó� ­Ąº�đº� �� ÆĄ�ê³�ĢÏĈÏóê� ÄóĄ� ÄĄºÏÆÌđ� đĄ�êĈĀóĄđ�ģÌºĄº-
«ĩ�Æóó³Ĉ��Ąº�đĄ�êĈĀóĄđº³�Ïê�đÌº�Ĉ�èº�ģ�ĩ�đÌ�đ�³�đ��èóĢºĈ�óê�đÌº�
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ÏêđºĄêºđɐ�zÌº�Þºĩ�ó«Ûº­đÏĢºĈ�
ÄóĄ�đÌº�ĀÌĩĈÏ­�á�ÏêđºĄêºđɊ��Ĉ�
ºêĢÏĈÏóêº³� «ĩ� QóêđĄºėÏáɊ�
ȪȨȩȪ�ɜȯȰɝɊ�ÏĈ�đó�ÏèĀĄóĢº�ɩ«ĩ�
�ê�óĄ³ºĄ�óÄ�è�ÆêÏđė³º�đÌº�
º­óêóèÏ­Ɋ� ºêĢÏĄóêèºêđ�áɊ�
�ê³�Ĉó­Ïºđ�á�ºĶ­Ïºê­ĩ��ê³�
ĈėĈđ�Ïê�«ÏáÏđĩ� óÄ� đÌº� ģ�ĩ�
Æóó³Ĉ� �Ąº� èóĢº³Ɋ� ĈđóĄº³Ɋ�
Ąº�áÏįº³Ɋ�ĈėĀĀáÏº³��ê³�ėĈº³�
�­ĄóĈĈ� đÌº� ģóĄá³ɪ� ɞFigure 
6.4ɟɐ

zÌÏĈ�«ėĈÏêºĈĈ�èó³ºáɊ�đº­Ì-
êóáóÆĩɊ� �ê³� ÏêÄĄ�ĈđĄė­đėĄº�
ÏêêóĢ�đÏóê� Ì�Ĉ� �áá� ÄĄºÏÆÌđ�
óÄ�Ģ�ĄĩÏêÆ�ĈÏįºĈ��ê³�ÄóĄèĈ�
Ā�­Þ�Æº³� Ïê� Ĉđ�ê³�Ą³-
Ïįº³Ɋ� èó³ėá�ĄɊ� ÏêđºĄáó­Þ-
ÏêÆ� ėêÏđĈ� ºè«º³³º³� ģÏđÌ�
Ĉè�Ąđ� đº­ÌêóáóÆĩɊ� èóĢÏêÆ�
ÄĄóè� óĄÏÆÏê� đó� ³ºĈđÏê�đÏóê�
đÌĄóėÆÌ� �� êºđģóĄÞ� Ā�đÌ�
«�Ĉº³� óê� ­�Ā�­Ïđĩ� �ê³� ³º-
áÏĢºĄĩ�ĄºăėÏĄºèºêđĈ�ɜȯȱɝɐ

zÌº�ĈĩĈđºè�ģóėá³�ėđÏáÏįº�èėáđÏĀáº�èó³ºĈɊ�­�ĄĄÏºĄĈ��ê³�ÏêđºĄ­Ì�êÆº�
ĀóÏêđĈ�ģÏđÌ�ĄóėđÏêÆ��ê³�ĀĄÏóĄÏđÏį�đÏóê�³º­ÏĈÏóêĈ�è�³º�«ĩ�óĀđÏèÏį�-
đÏóê��áÆóĄÏđÌèĈ�ėĈÏêÆ�ĀĄº³ºđºĄèÏêº³�­ĄÏđºĄÏ�ɐ�9đ�ÏĈ�ºĨĀº­đº³�đÌ�đ�đÌÏĈ�
ĈĩĈđºè�ģóėá³�Ïê­áė³º�á�ĄÆº��èóėêđĈ�óÄ��ėđóè�đÏóêɊ�Ā�ĄđÏ­ėá�Ąáĩ��đ�
ÏêđºĄ­Ì�êÆº��ê³�ĈóĄđÏêÆ�ĀóÏêđĈɐ

zÌº�ĈĩĈđºè�«ºêºĸđĈ�Ïê­áė³º�ÏèĀĄóĢº³�áó�³�Ä�­đóĄ�ģÏđÌ���Ąº³ė­đÏóê�
Ïê�ºèĀđĩɢÌ�ėá�ÞÏáóèºđºĄĈɊ�«ºđđºĄ�­�Ā�­Ïđĩ�ėđÏáÏį�đÏóê��ê³�đÌº�­Ąº-
�đÏóê�óÄ���èóĄº�ĀĄº³Ï­đ�«áº�ģóĄÞÏêÆ�ºêĢÏĄóêèºêđ�ÄóĄ�³ĄÏĢºĄĈ�ɜȯȱɝɐ

zÌÏĈ�­óê­ºĀđ�è�ĩ�Ĉººè�áÏÞº���áóêÆɢđºĄè�Ąº�­Ì�êóģɊ�«ėđ�Ïđ�ÏĈ�Ĉóèº-
đÌÏêÆ� đÌ�đ�ģóėá³� ºĢóáĢº� Ïê� á�ĩºĄĈ� óĢºĄ� đÏèº�ģÏđÌ� đÌº� Ą�èĀÏêÆ�ėĀ�
óÄ� è�êĩ� Ĉó­Ï�áɊ� «ėĈÏêºĈĈ� èó³ºáɊ� �ê³� đº­ÌêóáóÆĩ� ÏêêóĢ�đÏóêĈɐ�
�óêĈÏ³ºĄÏêÆ�đÌº�ºèºĄÆÏêÆ�«ėĈÏêºĈĈ�èó³ºá�óÄ�đÌº�³ÏĈđĄÏ«ėđÏóê�ÆÏ�êđ�
�è�įóê�đÌ�đ�ºèĀáóĩĈ�ÌÏÆÌáĩ��ėđóè�đº³�³ÏĈđĄÏ«ėđÏóê�­ºêđºĄĈ��ê³�Ïê-
êóĢ�đÏĢº�áóÆÏĈđÏ­Ĉ�đó�èººđ�ĈÌóĄđ�đĄ�êĈÏđ�Ĉ­Ìº³ėáºĈ�ɜȰȨɝɊ�đÌº�Ąº�áÏđĩ�óÄ�
��ĀÌĩĈÏ­�á�ÏêđºĄêºđ�è�ĩ�êóđ�«º�đÌ�đ�Ä�Ą�Ïê�đÌº�ÄėđėĄºɐ

Figure 6.4. Foundations Framework for the Physical 
,QWHUQHW��2ULJLQDO�ĆJXUH��WDNHQ�IURP�0RQWU«XLO�������
[78].
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6.6. From Drones to Hyperloops 

Qó³ºĄê�ĈėĀĀáĩ�­Ì�ÏêĈ��Ąº�­óêđÏêė�ááĩ�Ĉº�Ą­ÌÏêÆ� ÄóĄ� đÌº�êºĨđ�³ÏĈ-
ĄėĀđÏĢº� đº­ÌêóáóÆĩ� đÌ�đ� ­�ê� «º� ÏèĀáºèºêđº³� đó� ºêÌ�ê­º� «ėĈÏêºĈĈ�
èó³ºáĈɐ�,óĄ�ºĨ�èĀáºɊ�³ĄóêºĈ��Ąº�«ºÏêÆ�đºĈđº³�ÄóĄ�³ĄÏĢºĄáºĈĈ�Ìóèº�
³ºáÏĢºĄÏºĈɕ�Ąó«óđÏ­Ĉ��Ąº�«º­óèÏêÆ�èóĄº�­óèèóê�ÄóĄ�ÄĄºÏÆÌđ�Ì�ê³áÏêÆ�
�ê³�ģ�ĄºÌóėĈº�ºĶ­Ïºê­ĩɕ�³ºáÏĢºĄĩ�áó­ÞºĄĈ��Ąº�«ºÏêÆ�ÏêđĄó³ė­º³�đó�
Ä�­ÏáÏđ�đº�á�Ĉđ�èÏáº�áóÆÏĈđÏ­Ĉ�ɜȪȨɝɕ��ê³�ȫ��ĀĄÏêđÏêÆ�ÏĈ�«ºÏêÆ�ºĨĀáóĄº³�
�Ĉ�èº�êĈ�ÄóĄ�³ºè�đºĄÏ�áÏį�đÏóê�đÌ�đ�ģóėá³�Ąº³ė­º�đÌº�³ºè�ê³�ÄóĄ�
đĄ�êĈĀóĄđ�đÏóê�ɜȰȩɝɐ

\đÌºĄ�ÏêêóĢ�đÏóêĈ�áÏÞº�ÌĩĀºĄáóóĀĈɊ�ģÌÏ­Ì�đĄ�êĈĀóĄđ�Āó³Ĉ�đÌĄóėÆÌ���
êºđģóĄÞ�óÄ�áóģɢĀĄºĈĈėĄº�đė«ºĈ�đĄ�ĢºááÏêÆ��đ�ĈĀºº³Ĉ��Ĉ�Ä�Ĉđ��Ĉ�ȩɊȨȨȨ�
ÞèĈ� ĀºĄ� ÌóėĄɊ� �Ąº� �«áº� đó� đ�Þº� �³Ģ�êđ�Æº� óÄ� đÌº� ºêºĄÆĩ� Ĉ�ĢÏêÆĈ�
�­ÌÏºĢº³�ģÏđÌ�Ą�Ïá�đĄ�êĈĀóĄđ�ģÌÏáº�ĀóĈĈÏ«áĩ�óėđĀºĄÄóĄèÏêÆ�đÌº�³º-
áÏĢºĄĩ�đÏèºĈ�óÄ�đĄė­ÞÏêÆɊ�«ėđ��Ąº�­ėĄĄºêđáĩ�ÏêÄĄ�ĈđĄė­đėĄºɢ��ê³�­�Ā-
Ïđ�áɢÏêđºêĈÏĢº�ɜȰȪɝɐ

zÌºĈº��ê³�óđÌºĄ�ê�Ĉ­ºêđ�đº­ÌêóáóÆÏºĈ�è�ĩ�ĀĄóĢº�đó�ĈºĄĢº�óêáĩ�êÏ­Ìº�
è�ĄÞºđĈɊ�óĄ�đÌºĩ�è�ĩ�«º�Ā�Ąđ�óÄ���³ÏĈĄėĀđÏĢº�ÄóĄ­º�đÌ�đ�­óèĀáºđºáĩ�
đĄ�êĈÄóĄèĈ�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê�ĈĩĈđºèĈɐ��ÌÏ­ÌºĢºĄ�đÌº�­�ĈºɊ�Ïđ�ÏĈ�
ÏèĀóĄđ�êđ�đÌ�đ�ÏêêóĢ�đÏóê�ÏĈ�ÆėÏ³º³�đó��áÏÆê�ģÏđÌ�đÌº�º­óêóèÏ­��ê³�
ºêĢÏĄóêèºêđ�á�Æó�áĈ�ÄóĄ�đÌº�Ĉº­đóĄɐ

7. Conclusion

,ĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê�ÏĈ��ê�ºĈĈºêđÏ�á�Ā�Ąđ�óÄ�«óđÌ�đÌº���ê�³Ï�ê��ê³�
�á«ºĄđ�ê�º­óêóèÏºĈɐ�6óģºĢºĄɊ�đÌº�Ąó�³�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê�Ĉº­-
đóĄɊ�ģÌÏ­Ì�ºèÏđĈ� á�ĄÆº��èóėêđĈ�óÄ�.6.�ºèÏĈĈÏóêĈ��ê³��ÏĄ�Āóááėđ-
�êđĈ��ê³�ÏĈ�áÏêÞº³�đó�Ąó�³��­­Ï³ºêđĈ��ê³�­óêÆºĈđÏóêɊ�Ä�­ºĈ�ĈÏÆêÏĸ-
­�êđ�ºêĢÏĄóêèºêđ�á� �ê³�Ìº�áđÌ� ÏĈĈėºĈ� đÌ�đ�ģóĄĈºê�ģÏđÌ�º­óêóèÏ­�
ÆĄóģđÌɐ��Ĉ���ĈĩĈđºèɊ�Ąó�³�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóê�Ïê���ê�³��Ì�Ĉ��áĈó�
ĈđĄėÆÆáº³�đó�ºĶ­Ïºêđáĩ��ê³�­óÌºĈÏĢºáĩ�ĀºĄÄóĄè�đÌº�ĈºĄĢÏ­ºĈ�êºº³-
º³� đó� ­óèĀºđÏđÏĢºáĩ� ĈėĀĀóĄđ� đÌº�èó³ºĄê� ĈėĀĀáĩ� ­Ì�Ïêɐ� zÌº� Ĉº­đóĄ�
ÏĈ�«ėĄ³ºêº³�ģÏđÌ�ÏĈĈėºĈ�Ĉė­Ì��Ĉ�á�«óėĄ�ĈÌóĄđ�ÆºɊ�ĀóóĄ�áó�³�Ä�­đóĄɊ�
­óêĈđĄ�Ïêº³�ĀĄó³ė­đÏĢÏđĩ��ê³�ÌÏÆÌ�óĀºĄ�đÏêÆ�­óĈđĈɐ

zÌºĄº� Ì�Ĉ� «ººê� Ĉóèº� Ïê­Ąºèºêđ�á� ÏèĀĄóĢºèºêđ� Ïê� Ąº­ºêđ� ĩº�ĄĈɊ�
Ïê³Ï­�đÏêÆ� đÌº� Ĉº­đóĄ�è�ĩ� «º� Ąº­ºĀđÏĢº� đó� ­Ì�êÆºɐ� zÌÏĈ� ĈėÆÆºĈđĈɊ�
ÆÏĢºê�đÌº�ģÏ³º�Ą�êÆº�óÄ�º­óêóèÏ­Ɋ�ºêĢÏĄóêèºêđ�á��ê³�Ìº�áđÌ�ÏĈĈėºĈ�
­óêÄĄóêđÏêÆ�Ąó�³�ÄĄºÏÆÌđ�đĄ�êĈĀóĄđ�đÏóêɊ�đÌº�Ĉº­đóĄ�ÏĈ�Ąº�ááĩ�ĀóÏĈº³�
ÄóĄ� á�ĄÆºĄ� đĄ�êĈÄóĄè�đÏĢº� ĈĩĈđºèĈ� ­Ì�êÆº� «ĩ� �³óĀđÏêÆ� ³ÏĈĄėĀđÏĢº�
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đº­ÌêóáóÆÏ­�áɊ�Ĉó­Ï�áɊ��ê³�«ėĈÏêºĈĈ�èó³ºá�ÏêêóĢ�đÏóêĈ�ºèºĄÆÏêÆ�đó�
�³³ĄºĈĈ�đÌºĈº�ÏĈĈėºĈɐ

zÌº�­Ì�ááºêÆº�ģÏáá�«º� đó�ĈđĄ�đºÆÏ­�ááĩ�³ÏĄº­đɊ�ÆėÏ³ºɊ��ê³�óđÌºĄģÏĈº�
êė³Æº�đÌº�³ÏĈĄėĀđÏóê�đó��đđ�Ïê���«�á�ê­º�óÄ�º­óêóèÏ­��ê³�ºêĢÏĄóê-
èºêđ�á�ó«Ûº­đÏĢºĈɊ�Ïê­áė³ÏêÆ�èººđÏêÆ���ê�³�ɭĈ�­áÏè�đº�­Ì�êÆº�­óè-
èÏđèºêđĈɐ�zÌº�ºáº­đĄÏĸ­�đÏóê�óÄ�Ąó�³�ÄĄºÏÆÌđ�ĀĄóĢÏ³ºĈ�đÌº�óĀĀóĄđėê-
Ïđĩ�đó�ºáÏèÏê�đº�đ�ÏáĀÏĀº�ºèÏĈĈÏóêĈ��ê³�ģÌºê�­óè«Ïêº³�ģÏđÌ�óđÌºĄ�
ÏêêóĢ�đÏóêĈ�áÏÞº�đÌº��ėđóêóèóėĈɢ­óêêº­đº³�6��Ɋ�Ïđ�ÏĈ�º�Ĉĩ�đó�ºê-
ĢÏĈÏóê�Ïđ�Ïê�đÌº�ÄėđėĄº�óÄ�ÄĄºÏÆÌđɐ

�� ³ÏĈĄėĀđÏóê� đÌ�đ� Ïê­áė³ºĈ� đÌº� ºáº­đĄÏĸ­�đÏóê� óÄ� ÄĄºÏÆÌđ� ģÏáá� Ì�Ģº�
­óêĈºăėºê­ºĈ�«ºĩóê³�đÌº� đĄ�êĈĀóĄđ�đÏóê�Ĉº­đóĄɐ�,ĄºÏÆÌđ� đĄ�êĈĀóĄ-
đ�đÏóê�ÏĈ�­ėĄĄºêđáĩ���á�ĄÆº�­óêĈėèºĄ�óÄ�³ÏºĈºá�ÄėºáĈ��ê³��ê�ÏèĀóĄđ-
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A crucial question for Alberta involves the implications to the province of 

battery electric versus hydrogen fuel cell electric HDVs. Which transformative 

technology is better for the key industry sectors (freight transport, oil and 

gas, electricity generation) and the economy of the province?"
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ɜȪȩɝ��óĄá³� "­óêóèÏ­� ,óĄėèɊ� ɩzÌº� .áó«�á� "ê�«áÏêÆ� zĄ�³º� mºĀóĄđ�
ȪȨȩȮɊɪ� ȪȨȩȮ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀɉɖɖģģģȫɐģºÄóĄėèɐóĄÆɖ³ó­Ĉɖ
�",ɗ."zmɗȪȨȩȮɗĄºĀóĄđɐĀ³Ä

ɜȪȪɝ� QÏêÏĈđºĄ� óÄ� zĄ�êĈĀóĄđɊ� ɩi�đÌģ�ĩĈɉ� �óêêº­đÏêÆ� ��ê�³�ɭĈ�
zĄ�êĈĀóĄđ�đÏóê� qĩĈđºè� đó� đÌº� �óĄá³� ɢ� �óáėèº� ȩɊɪ� ȪȨȩȭ�
ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀĈɉɖɖģģģɐđ­ɐÆ­ɐ­�ɖºêÆɖ­đ�ĄºĢÏºģȪȨȩȬɖ
�z�mɗ�óáȩɗ"SɐĀ³Ä

ɜȪȫɝ�qđ�đÏĈđÏ­Ĉ���ê�³�Ɋ�ɩz�«áº�ȪȫɢȩȨɢȨȨȮȯɢȨȩ�mó�³�QóđóĄ��ºÌÏ­áº�
mºÆÏĈđĄ�đÏóêĈɊ�«ĩ�zĩĀº�óÄ��ºÌÏ­áºɊɪ�Ȫȯɢ�º­ɢȪȨȩȯɐ�ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�
ÌđđĀĈɉɖɖģģģȩȭȨɐĈđ�đ­�êɐÆ­ɐ­�ɖđȩɖđ«áȩɖºêɖđĢɐ�­đÏóêɑĀÏ³ʊȪȫȩȨȨȨȮȯȨȩ

ɜȪȬɝ�Qɐ�móºđÌɊ��ɐ�GÏĄ­ÌºĄɊ�Eɐ�qèÏđÌɊ��ê³�mɐ�qģÏèɊ�ɩ��ĄĄÏºĄĈ�đó�đÌº�
9ê­Ąº�Ĉº³� �³óĀđÏóê� óÄ� ,ėºá� "Ķ­Ïºê­ĩ� zº­ÌêóáóÆÏºĈ� Ïê� đÌº� SóĄđÌ�
�èºĄÏ­�ê�\êɢmó�³�,ĄºÏÆÌđ�qº­đóĄɊɪ�ȪȨȩȫ�ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�ÌđđĀĈɉɖɖ
ģģģɐđÌºÏ­­đɐóĄÆɖĈÏđºĈɖ³ºÄ�ėáđɖĸáºĈɖĀė«áÏ­�đÏóêĈɖ9��zɢS��,"ɢ
�qqɗ��ĄĄÏºĄĈɗmºĀóĄđɗ,Ïê�áɗȪȨȩȫȨȯȪȪɐĀ³Ä�

ɜȪȭɝ� �ɐqɐ� �ºĀ�Ąđèºêđ� óÄ� "êºĄÆĩɊ� ɩióđºêđÏ�á� ÄóĄ� "êºĄÆĩ� "Ķ­Ïºê­ĩ�
9èĀĄóĢºèºêđ� �ºĩóê³� đÌº� IÏÆÌđɢ�ėđĩɢ�ºÌÏ­áº� qº­đóĄɊɪ� ,º«ɐ� ȪȨȩȫ�
ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�ÌđđĀĈɉɖɖģģģɐêĄºáɐÆóĢɖ³ó­ĈɖÄĩȩȫóĈđÏɖȭȭȮȫȯɐĀ³Ä

ɜȪȮɝ�S�đėĄ�á�mºĈóėĄ­ºĈ���ê�³�Ɋ�ɩqè�Ąđ��ĩ�zĄºê³Ĉ��ê³�qđ�đÏĈđÏ­ĈɊɪ�
ȩȩɢQ�ĄɢȪȨȩȬɐ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀɉɖɖģģģɐêĄ­�êɐÆ­ɐ­�ɖºêºĄÆĩɖ
ºĶ­Ïºê­ĩɖđĄ�êĈĀóĄđ�đÏóêɖ­óèèºĄ­Ï�áɢĢºÌÏ­áºĈɖĈè�Ąđģ�ĩɖ
�«óėđɖȩȭȮȰȱɐ�ɜ�­­ºĈĈº³ɉ�ȨȭɢEėáɢȪȨȩȰɝ

ɜȪȯɝ� qđ�đÏĈđÏ­Ĉ� ��ê�³�Ɋ� ɩz�«áº� ȪȫɢȩȨɢȨȪȪȮɢȨȩ� zĄė­ÞÏêÆ�
,Ïê�ê­Ï�á� qđ�đÏĈđÏ­ĈɊ� «ĩ� 9ê³ėĈđĄĩ� .ĄóėĀ� ɞĨ� ȩɊȨȨȨɟɊɪ� ȩȱɢ�º­ɢȪȨȩȯɐ�
ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀĈɉɖɖģģģȩȭȨɐĈđ�đ­�êɐÆ­ɐ­�ɖđȩɖđ«áȩɖºêɖ
đĢɐ�­đÏóêɑĀÏ³ʊȪȫȩȨȨȪȪȮȨȩ

ɜȪȰɝ� �óèèÏĈĈÏóê� ÄóĄ� "êĢÏĄóêèºêđ�á� �óóĀºĄ�đÏóêɊ� ɩ�ºĈđÏê�đÏóê�
qėĈđ�Ïê�«ÏáÏđĩɉ� mº³ė­ÏêÆ� .ĄººêÌóėĈº� .�Ĉ� "èÏĈĈÏóêĈ� ÄĄóè� ,ĄºÏÆÌđ�
zĄ�êĈĀóĄđ�đÏóê�Ïê�SóĄđÌ��èºĄÏ­�Ɋɪ�ȪȨȩȩ�ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�ÌđđĀɉɖɖ
ģģģɐ³ºĈáÏ«ĄÏĈɐ­�ɖ9�ɖȪȪȰȯȩȭ

ɜȪȱɝ���ê�³Ï�ê�zĄė­ÞÏêÆ��ááÏ�ê­ºɊ�ɩ�ÌÏđº�i�ĀºĄ�óê�iĄóĀóĈº³�iÌ�Ĉº�
99� .Ąººêɢ6óėĈº� .�Ĉ� "èÏĈĈÏóêĈ� ʩ� ,ėºá� "Ķ­Ïºê­ĩ� mºÆėá�đÏóêĈ� ÄóĄ�
6º�Ģĩ�zĄė­ÞĈ�Ïê���ê�³�Ɋɪ�ȪȨȩȮ�ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�ÌđđĀɉɖɖ­�êđĄė­Þɐ
­�ɖģĀɢ­óêđºêđɖėĀáó�³ĈɖȪȨȩȮɖȨȩɖ�z�ɢ.6.ɢqQ�mzɢģÌÏđºĀ�ĀºĄɗ
Āė«áÏ­ɐĀ³Ä

ɜȫȨɝ� iĄÏĢ�đº� QóđóĄ� zĄė­Þ� �óėê­Ïá� óÄ� ��ê�³�Ɋ� ɩȪȨȩȰ� iQz��
�ºê­Ìè�ĄÞÏêÆ�mºĀóĄđɊɪ�Āɐ�ȫȪɊ�ȪȨȩȰɐ

ɜȫȩɝ� qđ�đÏĈđÏ­Ĉ� ��ê�³�Ɋ� ɩz�«áºĈ� ȫȫɢȩȨɢȨȨȪȭɢȨȩɊ� ȫȫɢȩȨɢȨȨȪȯɢȨȩɊ�
ȫȫɢȩȨɢȨȨȪȱɢȨȩɊ� ȫȫɢȩȨɢȨȨȫȯɢȨȩɊȫȫɢȩȨɢȨȨȫȱɢȨȩɊ� ȫȫɢȩȨɢȨȨȬȩɢȨȩ�
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��ê�³Ï�ê��ėĈÏêºĈĈ��óėêđĈɊ�ģÏđÌ�"èĀáóĩººĈɊɪ�ȨȰɢEėêɢȪȨȩȰɐ�ɜ\êáÏêºɝɐ�
ÌđđĀĈɉɖɖģģģȩȭȨɐĈđ�đ­�êɐÆ­ɐ­�ɖđȩɖđ«áȩɖºêɖđĢɐ�­đÏóêɑĀÏ³ʊȫȫȩȨȨȨȬȩȨȩ

ɜȫȪɝ� Sóđº� ÄĄóè� �ėđÌóĄɊ� ɩ�Ĉ� óÄ� �ėÆėĈđ� ȫȩɊ� ȪȨȩȰɊ�Qėááºê� zĄė­ÞÏêÆ�
óģêĈ� óĢºĄ� ȫȨ� Ĉė«ĈÏ³Ï�Ąĩ� đĄė­ÞÏêÆ� ­óèĀ�êÏºĈɊɪ� Qėááºê� zĄė­ÞÏêÆɐ�
ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀɉɖɖģģģɐèėááºêđĄė­ÞÏêÆɐ­óèɖ�«óėđɢėĈɖ
èėááºêɢÆĄóėĀɖ

ɜȫȫɝ�Sóđº� ÄĄóè��ėđÌóĄɊ� ɩ�Ĉ� óÄ��ėÆėĈđ� ȫȩɊ� ȪȨȩȰɊ� z,9� 9êđºĄê�đÏóê�á�
óģêĈ� óĢºĄ� ȮȨ� óĀºĄ�đÏêÆ� đĄė­ÞÏêÆ� ­óèĀ�êÏºĈɊɪ� z,9� 9êđºĄê�đÏóê�áɐ�
ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�ÌđđĀĈɉɖɖđĸÏêđáɐ­óèɖºêɖ

ɜȫȬɝ��i�qɊ�ɩzÌº�zĄė­Þ��ĄÏĢºĄ�qėĀĀáĩ��ê³��ºè�ê³�.�Ā�,Ïê�á�mºĀóĄđɊɪ�
ȪȨȩȮ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀɉɖɖģģģɐ³ĄÏĢºĄĈÌóĄđ�Æºɐ­�ɖģĀɢ­óê-
đºêđɖėĀáó�³ĈɖȪȨȩȯɖȨȩɖ�Ā³�đºɢȪȨȩȮɢʘ"ȪʘȰȨʘȱȫɢzĄė­Þɢ³ĄÏĢºĄɢ
qėĀĀáĩɢ�ê³ɢ�ºè�ê³ɢ.�Āɢ�i�qɢ,Ïê�áɢmºĀóĄđɐĀ³Ä

ɜȫȭɝ�qđ�đÏĈđÏ­Ĉ���ê�³�Ɋ�ɩz�«áº�ȪȰȩɢȨȨȪȬ�ɢ�qėĄĢºĩ�óÄ�"èĀáóĩèºêđɊ�
i�ĩĄóááĈ��ê³�6óėĄĈ�ɞq"i6ɟɊ�"èĀáóĩèºêđ�«ĩ�zĩĀº�óÄ�"èĀáóĩºº��ê³�
�ºđ�Ïáº³� SóĄđÌ� �èºĄÏ­�ê� 9ê³ėĈđĄĩ� �á�ĈĈÏĸ­�đÏóê� qĩĈđºè� ɞS�9�qɟɊ�
�êêė�á� ɞiºĄĈóêĈɟɊɪ� Ȩȩɢ�ėÆɢȪȨȩȰɐ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀĈɉɖɖ
ģģģȩȭȨɐĈđ�đ­�êɐÆ­ɐ­�ɖđȩɖđ«áȩɖºêɖđĢɐ�­đÏóêɑĀÏ³ʊȩȬȩȨȨȪȨȪȨȩ

ɜȫȮɝ� �Ą«�ê� zĄ�êĈĀóĄđ�đÏóê� z�ĈÞ� ,óĄ­º� �ê³� �óėê­Ïá� óÄ� QÏêÏĈđºĄĈ�
mºĈĀóêĈÏ«áº�ÄóĄ�zĄ�êĈĀóĄđ�đÏóê��ê³�6ÏÆÌģ�ĩ�q�ÄºđĩɊ�ɩzÌº�6ÏÆÌ��óĈđ�
óÄ� �óêÆºĈđÏóê� Ïê� ��ê�³Ï�ê� �ÏđÏºĈɐɪ� �ĀĄɢȪȨȩȪ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ�
ÌđđĀĈɉɖɖ­óèđɐ­�ɖºêÆáÏĈÌɖėđđÄɢ­óêÆºĈđÏóêɢȪȨȩȪɐĀ³Ä

ɜȫȯɝ�zĄ�êĈĀóĄđ���ê�³�Ɋ�ɩzĄ�êĈĀóĄđ�đÏóê�Ïê���ê�³��ȪȨȩȭɉ�qđ�đÏĈđÏ­�á�
�³³ºê³ėèɊɪ�ȪȨȩȭɐ

ɜȫȰɝ�.óĢºĄêèºêđ�óÄ���ê�³�Ɋ�ɩ��ê�³��.�įºđđº�ɡ�mºÆėá�đÏóêĈ��èºê³ÏêÆ�
đÌº� �óèèºĄ­Ï�á� �ºÌÏ­áº� �ĄÏĢºĄĈ� 6óėĄĈ� óÄ� qºĄĢÏ­º� mºÆėá�đÏóêĈ�
ɞ"áº­đĄóêÏ­� IóÆÆÏêÆ� �ºĢÏ­ºĈ� �ê³� \đÌºĄ� �èºê³èºêđĈɟɊɪ� �º­ɐ� ȪȨȩȯ�
ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�ÌđđĀɉɖɖÆ�įºđđºɐÆ­ɐ­�ɖĄĀɢĀĄɖĀȩɖȪȨȩȯɖȪȨȩȯɢȩȪɢȩȮɖ
ÌđèáɖĄºÆȭɢºêÆɐÌđèá

ɜȫȱɝ�QÏêÏĈđºĄ�óÄ�EėĈđÏ­ºɊ��óèèºĄ­Ï�á��ºÌÏ­áº��ĄÏĢºĄĈ�6óėĄĈ�óÄ�qºĄĢÏ­º�
mºÆėá�đÏóêĈ� q\mɖȪȨȨȭɢȫȩȫɐ� ȪȨȨȱ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀɉɖɖá�ģĈɢ
áóÏĈɐÛėĈđÏ­ºɐÆ­ɐ­�ɖºêÆɖĄºÆėá�đÏóêĈɖq\mɢȪȨȨȭɢȫȩȫɖ

ɜȬȨɝ�"ɐ�qįºđóɊ��ɐ��óèèóêɊ��ê³��ɐ�Iº�á�ÏĄɊ�ɩIÏĢºĈ��Ąº�6�êÆÏêÆ�Ïê�đÌº�
��á�ê­ºɉ��Ìĩ�qóèº�Sºģáĩ�IÏ­ºêĈº³�zĄė­ÞºĄĈ��Ąºêɭđ�mº�³ĩ�ÄóĄ�đÌº�mó�³Ɋɪ�
����SºģĈɊ�ȩȪɢ\­đɢȪȨȩȰ��ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�ÌđđĀĈɉɖɖģģģɐ­«­ɐ­�ɖêºģĈɖ
«ėĈÏêºĈĈɖè�ĄÞºđĀá�­ºɢđĄė­Þɢ³ĄÏĢºĄĈɢđĄ�ÏêÏêÆɢđºĈđÏêÆɢȩɐȬȰȭȰȱȬȨ

ɜȬȩɝ��ɐ�mºĩêóá³ĈɊ�ɩiĄóĢÏê­ºĈ��ÆĄºº�đó�Ì�Ģº�è�ê³�đóĄĩ�đĄė­Þ�đĄ�Ïê-
ÏêÆ�Ïê�Āá�­º�«ĩ�ȪȨȪȨɊɪ��z��SºģĈɊ�ȪȩɢE�êɢȪȨȩȱ�ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�
ÌđđĀĈɉɖɖģģģɐ­đĢêºģĈɐ­�ɖĀóáÏđÏ­ĈɖĀĄóĢÏê­ºĈɢ�ÆĄººɢđóɢÌ�Ģºɢè�ê-
³�đóĄĩɢđĄė­ÞɢđĄ�ÏêÏêÆɢÏêɢĀá�­ºɢ«ĩɢȪȨȪȨɢȩɐȬȪȮȫȨȩȫ
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ɜȬȪɝ�iɐ�³º�IºėĄɊ�ɩ�óááÏĈÏóê��óĈđ�qđė³ĩɊɪ�,º«ɐ�ȪȨȩȨ�ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�
ÌđđĀɉɖɖ³ĄÏĢºđóáÏĢºɐ­�ɖģĀɢ­óêđºêđɖėĀáó�³ĈɖȪȨȩȬɖȨȪɖ�óááÏĈÏóêɗ�óĈđɗ
qđė³ĩɗ,Ïê�áɗmºĀóĄđɗ,º«ɗȪȨȩȨɐĀ³Ä

ɜȬȫɝ� 9ɐ� �ėĄ­Ì� �ê³� Eɐ�.Ïá­ÌĄÏĈđɊ� ɩqėĄĢºĩ�óÄ�.áó«�á��­đÏĢÏđĩ� đó�iÌ�Ĉº�
\ėđ� 9êđºĄê�á� �óè«ėĈđÏóê� "êÆÏêº� �ºÌÏ­áºĈɊɪ� �ºêđºĄ� ÄóĄ� �áÏè�đº�
iĄóđº­đÏóêɊ�qºĀɐ�ȪȨȩȰ�ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�ÌđđĀĈɉɖɖ­áÏè�đºĀĄóđº­đÏóêɐ
óĄÆɖģĀɢ­óêđºêđɖėĀáó�³ĈɖȪȨȩȰɖȩȨɖqėĄĢºĩɢóêɢ.áó«�áɢ�­đÏĢÏđÏºĈɢđóɢ
iÌ�Ĉºɢ\ėđɢ9�"ɢ�ºÌÏ­áºĈɢ,9S�Iɢ\­đɢȫɢȪȨȩȰɐĀ³Ä

ɜȬȬɝ�ióĄđ�óÄ�IóêÆ��º�­Ì��ê³�ióĄđ�óÄ�IóĈ��êÆºáºĈɊ�ɩq�ê�iº³Ąó���ĩ�
ióĄđĈ��áº�ê��ÏĄ��­đÏóê�iá�êɐ��áº�ê�zĄė­ÞĈ�iĄóÆĄ�èɉ�\ĢºĄĢÏºģ�óÄ�Sºģ�
mºÆÏĈđĄ�đÏóê�mºăėÏĄºèºêđĈ��ê³�,�lɊɪ�qºĀɐ�ȪȨȩȰ�ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�
ÌđđĀɉɖɖģģģɐ­áº�ê�ÏĄ�­đÏóêĀá�êɐóĄÆɖ³ó­ėèºêđĈɖ­áº�êɢđĄė­ÞĈɢĀĄó-
ÆĄ�èɢđ�ĄÏĵɢ­Ì�êÆºɢÄ�­đɢĈÌººđɢĈºĀđɢȪȨȩȰɐĀ³Äɖ

ɜȬȭɝ� .óĢºĄêèºêđ� óÄ� ��ê�³�Ɋ� ɩ�ÏĄ� ióááėđ�êđĈ� "èÏĈĈÏóêĈ� 9êĢºêđóĄĩ�
\êáÏêº�qº�Ą­Ìɐɪ�ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�ÌđđĀĈɉɖɖĀóááėđÏóêɢģ�Ĉđºɐ­�ê�³�ɐ
­�ɖ�ÏĄɢºèÏĈĈÏóêɢÏêĢºêđóĄĩɖɐ�ɜ�­­ºĈĈº³ɉ�ȩȰɢ�ĀĄɢȪȨȩȰɝ

ɜȬȮɝ� QÏêÏĈđºĄ� óÄ� EėĈđÏ­ºɊ� \êɢmó�³� �ºÌÏ­áº� �ê³� "êÆÏêº� "èÏĈĈÏóê�
mºÆėá�đÏóêĈ�q\mɖȪȨȨȫɢȪɐ�ȪȨȩȭ�ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�ÌđđĀɉɖɖá�ģĈɢáóÏĈɐ
ÛėĈđÏ­ºɐÆ­ɐ­�ɖºêÆɖĄºÆėá�đÏóêĈɖĈóĄɢȪȨȨȫɢȪɖÏê³ºĨɐÌđèá

ɜȬȯɝ� QÏêÏĈđºĄ� óÄ� EėĈđÏ­ºɊ� qėáĀÌėĄ� Ïê� �ÏºĈºá� ,ėºá� mºÆėá�đÏóêĈ�
q\mɖȪȨȨȪɢȪȭȬɐ� ȪȨȩȯ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀɉɖɖá�ģĈɢáóÏĈɐÛėĈđÏ­ºɐ
Æ­ɐ­�ɖºêÆɖĄºÆėá�đÏóêĈɖq\mɢȪȨȨȪɢȪȭȬɖÏê³ºĨɐÌđèá

ɜȬȰɝ�96q�"êºĄÆĩɊ�ɩ�óèĀ�ĄÏêÆ�.6.�9êđºêĈÏđĩ�óÄ� đÌº�\Ïá�q�ê³Ĉ��ê³�
đÌº��ĢºĄ�Æº��q��Ąė³º�\ÏáɊɪ�Q�ĩ�ȪȨȩȬ� ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�ÌđđĀĈɉɖɖ
ÏÌĈè�ĄÞÏđɐ­óèɖĀĄó³ė­đĈɖºêºĄÆĩɢÏê³ėĈđĄĩɢóÏáɢĈ�ê³Ĉɢ³Ï�áóÆėºɐ
Ìđèáɑó­Ï³ʊ­ºĄ�ɢóĈ³ɉºêºĄÆĩɉĀĄÏêđɉȨȨȨȩ

ɜȬȱɝ� Eɐ� IóÄɊ� �ɐ� I�ĩįºááɊ� �ê³� �ɐ� qđĄ��đè�êɊ� ɩQººđÏêÆ� đÌº�
,ĄºÏÆÌđ� zĄ�êĈĀóĄđ�đÏóê� .6.� �Ì�ááºêÆºɊɪ� �"q�mɊ� ȨȮɢSóĢɢ
ȪȨȩȯɐ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀɉɖɖģģģɐ­ºĈ�Ąêºđɐ­�ɖ«áóÆɖ
èººđÏêÆɢÄĄºÏÆÌđɢđĄ�êĈĀóĄđ�đÏóêɢÆÌÆɢ­Ì�ááºêÆº

ɜȭȨɝ�zºĈá�Ɋ�ɩzºĈá��qºèÏɊɪ�zºĈá��qºèÏɐ� ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�ÌđđĀĈɉɖɖ
ģģģɐđºĈá�ɐ­óèɖĈºèÏ

ɜȭȩɝ� ,ɐ� I�è«ºĄđɊ� ɩ��ÏèáºĄ� �êĢºÏáĈ� 6º�Ģĩɢ�ėđĩ� �ááɢ"áº­đĄÏ­�
zĄė­Þ� �óê­ºĀđ� ģÏđÌ� ɫėĀ� đó� ȪȪȨ� QÏáºĈɭ� m�êÆºɊɪ� "áº­đĄºÞɐ� Ȫȭɢ
\­đɢȪȨȩȯ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀĈɉɖɖºáº­đĄºÞɐ­óɖȪȨȩȯɖȩȨɖȪȭɖ
³�ÏèáºĄɢÌº�Ģĩɢ³ėđĩɢºáº­đĄÏ­ɢđĄė­Þɢ­óê­ºĀđɖ

ɜȭȪɝ� mɐ� �ėèQ�ááºêɊ� ɩzÌóĄ� zĄė­ÞĈ� qđóĄèÏêÆ� Ïêđó� 6º�Ģĩɢ�ėđĩ� "��
Q�ĄÞºđɊɪ�zĄė­ÞĈɐ­óèɊ�ȩȫɢ�º­ɢȪȨȩȯɐ�ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�ÌđđĀĈɉɖɖģģģɐ
đĄė­ÞĈɐ­óèɖȪȨȩȯɖȩȪɖȩȫɖĈđ�ĄđėĀɢđÌóĄɢđĄė­ÞĈɢºáº­đĄÏ­ɢđĄė­Þɢè�ĄÞºđɖ�
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ɜȭȫɝ��ɐ��óĵºĩɊ�ɩ�óĄá³ɭĈ�,ÏĄĈđ�"áº­đĄÏĸº³�mó�³�ÄóĄ��Ì�ĄÆÏêÆ��ºÌÏ­áºĈ�
\ĀºêĈ�Ïê�qģº³ºêɊɪ�zÌº�.ė�Ą³Ï�êɊ�ȩȪɢ�ĀĄɢȪȨȩȰ�ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�
ÌđđĀĈɉɖɖģģģɐđÌºÆė�Ą³Ï�êɐ­óèɖºêĢÏĄóêèºêđɖȪȨȩȰɖ�ĀĄɖȩȪɖģóĄá³Ĉɢ
ĸĄĈđɢºáº­đĄÏĸº³ɢĄó�³ɢÄóĄɢ­Ì�ĄÆÏêÆɢĢºÌÏ­áºĈɢóĀºêĈɢÏêɢĈģº³ºê

ɜȭȬɝ� qÏºèºêĈɊ� ɩº6ÏÆÌģ�ĩ� ɢ� "áº­đĄÏĸ­�đÏóê� óÄ� mó�³� ,ĄºÏÆÌđ�
zĄ�êĈĀóĄđɊɪ�ĈÏºèºêĈɐ­óèɐ�ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�ÌđđĀĈɉɖɖêºģɐĈÏºèºêĈɐ
­óèɖÆáó«�áɖºêɖĀĄó³ė­đĈɖèó«ÏáÏđĩɖĄó�³ɢĈóáėđÏóêĈɖºáº­đĄóèó«ÏáÏđĩɖ
ºÌÏÆÌģ�ĩɐÌđèá

ɜȭȭɝ�6ɐ� 6óĈđºĄɊ� ɩ�ÏĄº³ɢ�Ā� mó�³Ĉ��Ïáá� qóóê� �Ì�ĄÆº� �óėĄ� "áº­đĄÏ­�
��Ą�ɡ��ÌÏáº��óėɭĄº��ĄÏĢÏêÆɊɪ�zÌº��óêĢºĄĈ�đÏóêɊ�,º«ɢȪȨȩȯɐ�ɜ\êáÏêºɝɐ�
�Ģ�Ïá�«áºɉ� ÌđđĀɉɖɖđÌº­óêĢºĄĈ�đÏóêɐ­óèɖģÏĄº³ɢėĀɢĄó�³ĈɢģÏááɢĈóóêɢ
­Ì�ĄÆºɢĩóėĄɢºáº­đĄÏ­ɢ­�ĄɢģÌÏáºɢĩóėĄºɢ³ĄÏĢÏêÆɢȯȪȮȪȭ

ɜȭȮɝ� SÏÞóá�Ɋ� ɩSÏÞóá�� \êºɊɪ� SÏÞóá�� QóđóĄ� �óèĀ�êĩɐ� ɜ\êáÏêºɝɐ�
�Ģ�Ïá�«áºɉ�ÌđđĀĈɉɖɖêÏÞóá�èóđóĄɐ­óèɖóêº

ɜȭȯɝ�Eɐ�.ÏđáÏêɊ�ɩzóĩóđ�ɭĈ�6º�Ģĩɢ�ėđĩ�,ėºá��ºáá�zĄė­Þ�iĄóÛº­đ�QóĢºĈ�
ÄĄóè��áĀÌ��đó��ºđ�Ɋɪ��ĄĈ�zº­ÌêÏ­�Ɋ�ȫȩɢEėáɢȪȨȩȰ�ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�
ÌđđĀĈɉɖɖ�ĄĈđº­ÌêÏ­�ɐ­óèɖ­�ĄĈɖȪȨȩȰɖȨȯɖđóĩóđ�ĈɢÌº�Ģĩɢ³ėđĩɢÄėºáɢ
­ºááɢđĄė­ÞɢĀĄóÛº­đɢèóĢºĈɢÄĄóèɢ�áĀÌ�ɢđóɢ«ºđ�ɖ

ɜȭȰɝ��ɐ��áóėđÌÏºĄɊ�ɩGºêģóĄđÌ�qÌóģ­�ĈºĈ� 9đĈ�6ĩ«ĄÏ³�"áº­đĄÏ­���ĄÆó�
zĄ�êĈĀóĄđ� zĄė­ÞɊɪ� zĄė­Þ� SºģĈɊ� ȨȮɢ,º«ɢȪȨȩȰ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ�
ÌđđĀĈɉɖɖģģģɐđĄė­ÞêºģĈɐ­óèɖºăėÏĀèºêđɖÞºêģóĄđÌɢĈÌóģ­�ĈºĈɢÌĩ-
«ĄÏ³ɢºáº­đĄÏ­ɢ­�ĄÆóɢđĄ�êĈĀóĄđɢđĄė­ÞɖȩȨȨȫȨȰȫȬȮȮɖ

ɜȭȱɝ� .ɐ� Eɐ� \ĵºĄɊ� �ɐ� 6óģºĩɊ�Qɐ� �óêđºĈđ�«ÏáºɊ� mɐ� �á�ÆėºɊ� �ê³� Sɐ� iɐ�
�Ą�ê³óêɊ�ɩ�óèĀ�Ą�đÏĢº��ê�áĩĈÏĈ�óÄ���đđºĄĩ�"áº­đĄÏ­Ɋ�6ĩ³ĄóÆºê�,ėºá�
�ºáá� �ê³� 6ĩ«ĄÏ³� �ºÌÏ­áºĈ� Ïê� �� ,ėđėĄº� qėĈđ�Ïê�«áº� mó�³� zĄ�êĈĀóĄđ�
qĩĈđºèɊɪ�"êºĄÆĩ�ióáÏ­ĩɊ�Ģóáɐ�ȫȰɊ�êóɐ�ȩɊ�ĀĀɐ�ȪȬɡȪȱɊ�E�êɐ�ȪȨȩȨɐ

ɜȮȨɝ� mɐ� E�êĈĈºêɊ� 6ɐ� �ģÏÛêºê«ºĄÆɊ� 9ɐ� �á�êÞºĄĈɊ� �ê³� Eɐ� ³º� GĄėÏÛĵɊ�
ɩzĄė­Þ� iá�đóóêÏêÆ� �ĄÏĢÏêÆ� đÌº� ,ėđėĄº� óÄ� zĄ�êĈĀóĄđ�đÏóêɊɪ� ,º«ɐ�
ȪȨȩȭ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀĈɉɖɖĄºĀóĈÏđóĄĩɐđė³ºáÄđɐêáɖĢÏºģɖđêóɖ
ėėÏ³ɉȯȯȰȫȱȯº«ɢȭȱ³ȫɢȬ³ȪȫɢȱȩȰȭɢȭȩȩȫȰȭ«ȱȩȭȨȱ

ɜȮȩɝ� Eɐ�QºêįÏºĈɊ� ɩ��ÏèáºĄ� �«�ê³óêĈ�Āá�đóóêÏêÆ� đó� Äó­ėĈ� óê� �ėđó-
è�đÏóêɊɪ� zĄė­Þ� SºģĈɊ� ȨȯɢE�êɢȪȨȩȱ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀĈɉɖɖ
ģģģɐđĄė­ÞêºģĈɐ­óèɖđº­ÌêóáóÆĩɖ³�ÏèáºĄɢ�«�ê³óêĈɢĀá�đóóêÏêÆɢ
đóɢÄó­ėĈɢóêɢ�ėđóè�đÏóêɖȩȨȨȫȨȰȱȫȰȯɖ

ɜȮȪɝ� �ɐ� �Ìóđđ�êÏɊ� .ɐ� 6�ĈđÏêÆĈɊ� Eɐ� QėĄê�êºɊ� �ê³� ,ɐ� SºėÌ�ėĈɊ�
ɩ�ÏĈđĄ�­đÏóê�óĄ��ÏĈĄėĀđÏóêɑ��ėđóêóèóėĈ�zĄė­ÞĈ�.�Ïê�.Ąóėê³�Ïê��q�
IóÆÏĈđÏ­ĈɊɪ�Q­GÏêĈºĩ� qèÏđÌ� �óɐ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀĈɉɖɖģģģɐ
è­ÞÏêĈºĩɐ­óèɖÏê³ėĈđĄÏºĈɖđĄ�ĢºáɢđĄ�êĈĀóĄđɢ�ê³ɢáóÆÏĈđÏ­ĈɖóėĄɢÏê-
ĈÏÆÌđĈɖ³ÏĈđĄ�­đÏóêɢóĄɢ³ÏĈĄėĀđÏóêɢ�ėđóêóèóėĈɢđĄė­ÞĈɢÆ�Ïêɢ
ÆĄóėê³ɢÏêɢėĈɢáóÆÏĈđÏ­Ĉ
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ɜȮȫɝ�Eɐ�qèÏđÌɊ�ɩqºáÄɢ�ĄÏĢÏêÆ�zº­ÌêóáóÆĩ�zÌĄº�đºêĈ�Sº�Ąáĩ�ȫȨȨɊȨȨȨ�
zĄė­ÞÏêÆ� Eó«ĈɊ� mºĀóĄđ� q�ĩĈɊɪ� ��áá� qđĄººđ� EóėĄê�áɊ� ȨȬɢqºĀɢȪȨȩȰ�
ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀĈɉɖɖģģģɐģĈÛɐ­óèɖ�ĄđÏ­áºĈɖĈºáÄɢ³ĄÏĢÏêÆɢ
đº­ÌêóáóÆĩɢđÌĄº�đºêĈɢêº�ĄáĩɢȫȨȨɢȨȨȨɢđĄė­ÞÏêÆɢÛó«ĈɢĄºĀóĄđɢ
Ĉ�ĩĈɢȩȭȫȮȨȭȫȬȨȩ

ɜȮȬɝ�mɐ�iĄºè�­ÞɊ�ɩ�èºĄÏ­�ɭĈ�ȩɐȰ�QÏááÏóê�zĄė­Þ��ĄÏĢºĄĈ��óêɭđ�Sºº³�đó�
�óĄĄĩ��«óėđ��ėđóêóèóėĈ�zº­Ì�zÌĄº�đºêÏêÆ�zÌºÏĄ�Eó«Ĉ��êĩđÏèº�qóóêɊ�
"ĨĀºĄđĈ� q�ĩɊɪ� �ėĈÏêºĈĈ� 9êĈÏ³ºĄɐ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀĈɉɖɖģģģɐ
«ėĈÏêºĈĈÏêĈÏ³ºĄɐ­óèɖ�ėđóêóèóėĈɢđº­ÌɢđĄė­Þɢ³ĄÏĢºĄɢÛó«ĈɢȪȨȩȰɢȩȪ�

ɜȮȭɝ� Eɐ� .�êĈɊ� zÌº��ÏĈĄėĀđÏóê��Ïáºèè�ɐ�Q9z� iĄºĈĈɊ� ȪȨȩȮ� ɜ\êáÏêºɝɐ�
�Ģ�Ïá�«áºɉ�ÌđđĀĈɉɖɖèÏđĀĄºĈĈɐèÏđɐº³ėɖ«óóÞĈɖ³ÏĈĄėĀđÏóêɢ³Ïáºèè�

ɜȮȮɝ�Iɐ�q�ê³đ��ê³�Eɐ�\ģºêĈɊ�ɩ�ÏĈ­ėĈĈÏóê�.ėÏ³º�ÄóĄ��ėđóè�đº³��ê³�
�óêêº­đº³� �ºÌÏ­áºĈɊ� iº³ºĈđĄÏ�êĈɊ� �ê³� �Ï­ĩ­áÏĈđĈɊɪ� iº³ºĈđĄɐ� �Ï­ĩ­áº�
9êÄɐ� �ºêđɐ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀɉɖɖģģģɐĀº³«ÏÞºÏêÄóɐóĄÆɖĀ³Äɖ
i�9�ɗ��ɐĀ³Ä

ɜȮȯɝ� Qɐ� �á�èɊ� ɩ�ºÌÏ­áºɢđóɢ"ĢºĄĩđÌÏêÆ� ɞ�Ȫ�ɟ� zº­ÌêóáóÆĩ� �Ïáá� �º� ��
IÏđºĄ�á�IÏÄº�q�ĢºĄɠ�ėđ��Ì�đ�9Ĉ�9đɑɊɪ�"êÆɐ�.ėÏ³º��ėđóèóđɐ��óêêº­đɐ���ĄɊ�
Eėêɐ� ȪȨȩȮ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀɉɖɖģģģɐºĀĄó³ė­đ�áºĄđɐ­óèɖ³ÏÆÏđ�á-
º³ÏđÏóêɖ�ėđóèóđÏĢºɖȪȨȩȮɖºêÆÏêººĄĈɗÆėÏ³ºɗđóɗ�ėđóèóđÏĢºɐĀ³Ä

ɜȮȰɝ� �ɐ� q�áºÌɊ� ɩ�óêêº­đº³� �ê³��ėđóêóèóėĈ� �ºÌÏ­áº� I�ê³Ĉ­�Āº� Ïê�
ȪȨȬȨɉ� 9èĀáÏ­�đÏóêĈ� ÄóĄ� �ėĈÏêºĈĈ� Qó³ºá� �ºĈÏÆêɊɪ� �ĩ�đ� q�áºÌɐ� ȪȬɢ
�º­ɢȪȨȩȯ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀĈɉɖɖ�ĩ�đĈ�áºÌɐ­óèɖȪȨȩȯɖȩȪɖȪȬɖ
­óêêº­đº³ɢ�ê³ɢ�ėđóêóèóėĈɢĢºÌÏ­áºɢá�ê³Ĉ­�ĀºɢÏêɢȪȨȬȨɢÏèĀáÏ-
­�đÏóêĈɢÄóĄɢ«ėĈÏêºĈĈɢèó³ºáɢ³ºĈÏÆêɖ

ɜȮȱɝ� zĄ�êĈĀóĄđ� ��ê�³�Ɋ� ɩzÌº� \êđ�ĄÏóɢlė»«º­� qè�Ąđ� �óĄĄÏ³óĄ�
�óê­ºĀđ� óÄ� \ĀºĄ�đÏóêĈ� �ê³� mºÆÏóê�á� 9zq� �Ą­ÌÏđº­đėĄºɊɪ� ȪȨȩȭɐ�
ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀĈɉɖɖģģģɐđ­ɐÆ­ɐ­�ɖºêÆɖÏêêóĢ�đÏóêɖÏđĈɢóê-
đ�ĄÏóɢăėº«º­ɢȩȭȱȫɐÌđèá

ɜȯȨɝ� �ɐ� �ÌºêÆɊ� Iɐ� ��êÆɊ� �ê³� �ɐ� qÌºêɊ� ɩ�Ȫ�� ÄóĄ� 9êđºááÏÆºêđ�
zĄ�êĈĀóĄđ�đÏóê� qĩĈđºèĈɉ� �� ,º�ĈÏ«ÏáÏđĩ� qđė³ĩɊɪ� 9"""� zĄ�êĈɐ� 9êđºááɐ�
zĄ�êĈĀɐ�qĩĈđɐɊ�Ģóáɐ�ȩȮɊ�êóɐ�ȬɊ�ĀĀɐ�ȩȯȰȬɡȩȯȱȫɊ��ėÆɐ�ȪȨȩȭɐ

ɜȯȩɝ�Gɐ��ĄÏºĈɊ�ɩ,áººđ�zºáºè�đÏ­Ĉ��ê³�zºáºè�đÏ­Ĉ�qĩĈđºèĈɊɪ��ºĄÏįóê�
�óêêº­đɊ� ȨȰɢEėáɢȪȨȩȬɐ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ� ÌđđĀĈɉɖɖģģģɐĢºĄÏįóê-
­óêêº­đɐ­óèɖĄºĈóėĄ­ºĈɖ�ĄđÏ­áºɖģÌ�đɢÏĈɢđºáºè�đÏ­Ĉɖ

ɜȯȪɝ� Eɐ� iɐ� 6�èĈđº�³Ɋ� ɩzĄė­ÞÏêÆ� �ê³� đÌº� 9êđºĄêºđ� óÄ�
zÌÏêÆĈɊɪ� ,ĄºÏÆÌđ��ĢºĈɊ� ȨȱɢSóĢɢȪȨȩȯɐ� ɜ\êáÏêºɝɐ� �Ģ�Ïá�«áºɉ�
ÌđđĀĈɉɖɖģģģɐÄĄºÏÆÌđģ�ĢºĈɐ­óèɖêºģĈɖȪȨȩȯɖȩȩɖȱɖ
đĄė­ÞÏêÆɢ�ê³ɢđÌºɢÏêđºĄêºđɢóÄɢđÌÏêÆĈ

ɜȯȫɝ� �ɐ� mó«ÏêĈóêɊ� ɩ�Ì�đ� 9Ĉ� �áó­Þ­Ì�Ïê� zº­ÌêóáóÆĩɊ� �ê³� �Ì�đ�
9Ĉ� 9đĈ� ióđºêđÏ�á� 9èĀ�­đ� óê� đÌº� qėĀĀáĩ� �Ì�ÏêɑɊɪ� zĄ�êĈĀóĄđ�đÏóê�
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Q�ê�Æºèºêđ��óèĀ�êĩ�ʦ��ºĄ�ĈÏĈɐ�ȪȨȩȮ�ɜ\êáÏêºɝɐ��Ģ�Ïá�«áºɉ�ÌđđĀĈɉɖɖ
­ºĄ�ĈÏĈɐ­óèɖȪȨȩȮɖȨȮɖȪȱɖ«áó­Þ­Ì�Ïêɢđº­ÌêóáóÆĩɖ

ɜȯȬɝ��ɐ�.ºĈÏêÆ��ê³��6I��ėĈđóèºĄ�qóáėđÏóêĈ�ʩ�9êêóĢ�đÏóêɊ�ɩqÌ�ĄÏêÆ�
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