Natural Gas in Freight Transportation in Canada

Implications for GHG Emissions and Oil & Gas Markets
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DISCUSSION / CONCLUSION

 Highway is the dominant freight transportation mode
across Canada and between Canada and the US. Diesel is
the primary fuel source for the industry.
Compared to diesel, natural gas (NG) has several benefits:
* S$0.40 cheaper at the pump (energy equivalence basis)

[1]

e Better fuel economy [2]
 Fewer tank-to-wheel (TTW) GHG emissions [3]
The analysis compares the total energy use and associated
greenhouse gas (GHG) emissions of a reference scenario to
an alternative scenario (accelerated transition of diesel to
NG vehicles)
The high carbon intensities of fuel produced from oil sands
and shale gas are considered [4] [5].
This analysis may be used by the freight industry and policy
makers to determine the value of a fuel shift.

METHODS

Our model is driven by three different catalysts that affect the
diesel to NG vehicle transition rate. These catalysts are:

1. Government mandating that a certain percentage of
freight vehicles must be NG driven

2. Government subsidizes the capital cost of freight vehicles

3. The ratio of NG cost versus diesel cost changes over time

From this, a “most probable” transition rate has been
generated [6]. In our analysis we’ve assumed a fuel efficiency
of 9.77 MJ/km for NG and 11.41 MJ/km for diesel (Figure 1)
[3]. In determining the life cycle analysis of the fuels, we’ve
assumed the most GHG-intensive extraction methods. The
result is a NG engine in which emissions are about 67%
CO,e/km of their diesel counterparts (Figure 2) [4].
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Figure 1. TTW energy conversion
efficiency of diesel and NG.

Figure 2. LCA breakdown of
diesel and NG.
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Figure 3. Projected number of operating freight NGVs.
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Figure 4. Projected annual GHG emissions of WTW and TTW LCAs.
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Figure 5. Fuel demand comparison of diesel and NG in both scenarios.
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Figure 6. Annual impact on oil and gas markets based on daily production rates.

Most Probable Scenario :

By 2030,
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of total freight vehicles will be NGVs.
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By 2030,
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of total freight vehicles will be NGVs.
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- The analysis suggests that by implementing the most probable scenario, by

2060:

By 2060, * Up to 6 MtCO,e could be reduced annually from a TTW perspective

32(y * Up to 11 MtCO,e could be saved annually from a well-to-wheels (WTW)
O perspective, assuming shale gas and oil sands are the dominant sources

used to produce fuel, and current technologies and associated emission

contributors (i.e., methane leakage) persist

The transition results in an overall energy demand change where by 2060:

By 2060, * Approximately 128 Mbbl oil/day via the diesel market are displaced

14% * Approximately 656 MMscf/day to the gas market are required

* |f the alternative scenario is implemented, gas overtakes oil in terms of

the market share of transportation fuel supply in the year 2031

Over time, there are both economic and environmental benefits that would
be realized in a fuel transition, however prior to this occurring, up-front
regulation and/or incentives will likely be required, as the price-tag on a new
NG semi is around $100,000 more than that on a diesel semi [7].

[yr or 8%/yr

Limitations to this study include:

* Consideration of future extraction technologies which could reduce
production-related emissions and effectively change the well-to-tank
(WTT) (and therefore WTW) emissions used in the study
Consideration of varied impacts based on diesel grades
Conversion of non-turnover fleet vehicles from diesel to NG engines
Actual knowledge how the NG:diesel cost ratio will change and affect
consumer decisions
Real cost of infrastructure upgrades along transportation corridors to
facilitate NG refueling
GHG emissions related to infrastructure upgrades
Changes in NO, and SO, emissions are not considered
Application of a federal fuel tax at the pump (presently, NG is exempt [8])
Industry lobbying and/or political support that could affect decisions
Impact of a fuel shift to/by other sectors of the transportation industry;
this analysis is only one aspect of an extremely complex system

REFERENCES

d 28 October 2014].

emand for fuel.

Go With Natural Gas, "Comparing Natural Gas to Diesel - Energy Content," [Online]. Available: http://www.gowithnaturalgas.ca/wp-content/uploads/2014/01/Energy-Content-Factsheet-FINAL-EN.pdf. [Accesse
US Environmental Protection Agency, "Efficient Use of Natural Gas Based Fuels in Heavy-Duty Engines," Clean Automotive Technology, 19 October 2012. [Online]. Available:
http://energy.gov/sites/prod/files/2014/03/f8/deer12_kargul.pdf. [Accessed 2014 October 28].

US Department of Energy, "Natural Gas," [Online]. Available: http //wwwf eleconomy.gov/feg/bifueltech.shtml. [A sed 2014 October 28].

R. L. Evans and T. Bryant, "Trottier Energy Futures: Greenhouse Gas Emis f om th Canadian Oil and Gas Secto 2013 [Online]. Available:

http://www.davidsuzuki.org/publications/download /G h /ZOG /20Em ns%20from%20the%20Can d n%200il%20and%20Gas%20Sector.pdf. [Accessed 2014 October 28].

ICF Consulting Canada, "Life Cycle Greenhouse Gas Emis fN tural Gas," Dec mb 2012. [Online]. Available: http://www.capp.ca/getdoc.aspx?Docld=215278. [Accesse d 15 October 2014].

Straatman, B., 2014, The Canadian Energy Systems Simulator (CanESS): A Reference Scenario to 2060 for Exploring Alternatives for Canada’s Energy Future. Poster prepared for symposium on Perspectives on
Scenarios to 2060. University of Calgary, December 1, 2014.

W. B. Cassidy. (2014, June 26). Trucking’s natural gas ‘highway’ still under construction [Online]. Available: http://www.joc.com/trucking-logistics/trucking-equipment/trucking%E2%80%99s-natural-gas-
%E2%80%98highway%E2%80%99-still-under-construction_20140626.html [Accessed October 19].

Natural Resources Canada, "Government taxes on gasoline," 15 September 2014. [Online]. Available: http://www.nrcan

(2]
(4]

(6] Canada's Energy Future:

By 2060,

(7]
(8]

ACKNOWLEDGEMENTS

We would like to thank:
By 2060, * whatlf? Technologies for allowing us to use their CanESS model
- 1 28 * Our expert advisor, Mr. Bob Taylor, for his invaluable insights
* Our professors, Dr. David B. Layzell, Dr. Hassan Hamza, and Dr. Bas Straatman for
Mbbl/day. . : :
their mentorship and guidance

.gc.ca/energy/fuel-prices/4939. [Accesse d 28 October 2014].

MMscf/day.

This poster produced as part of University of Calgary course SCIE529 in Fall 2014. For info:



mailto:dlayzell@ucalgary.ca
mailto:e.lim@outlook.com



