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* With new abundance of natural gas, investors seeking new markets with liquefied natural gas
(LNG).

* A lot to discover regarding the life cycle emissions of LNG export as global natural gas markets
evolve.

* Increasing attention on fugitive methane (and other) emissions.

* Goal: review LNG export challenges and opportunities, then analyze the emissions implication:
of increasing export from the US and Canada.
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Boersma and Jordaan (2017) - https://link.springer.com/article/10.1007/s41825-017-0005-4



https://link.springer.com/article/10.1007/s41825-017-0005-4
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Unlike the Global Commodity of Oil,

Natural Gas is a Regional Product Sold in Three Markets
(LNG is changing this)

* Three separate markets traditionally, with
different pricing structures.

How is natural gas sold around the world?
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Forbes 2017
 Specific landed prices jump to different markets.
e Decrease in prices across markets since 2015.

e Appears to be reflective of increased market connectivity, supply glut, recovery from shock.


https://www.forbes.com/sites/judeclemente/2017/07/09/the-rapidly-expanding-global-liquefied-natural-gas-market/#445975192213

Monthly natural gas imports and exports (bcf)

Export of natural gas continues to grow
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Boersma and Jordaan (2017)
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North American Import # plants Capacity (Bcfd)

Proposed 2 0.5
Approved 4 3.4
Existing 16 21.9

www.ferc.gov/

North American Export # plants Capacity (Bcfd)

Proposed 13 23.1
Pre-filing 5 6.2
Approved 15 23.2

Existing 2 2.3

www.ferc.gov/



* Supply-side abundance
* U.S. shale boom reversed assumptions regarding supply (and changed reserve estimates, globally).
* North America emerging as an energy superpower.
* EU reliant on Russia, hesitant to scale shale potential.

 Demand-side uncertainty
* Price volatility in non-OECD Asia — seeking alternatives.
* OECD Asia face competing goals: energy security, environment, energy access.

Boersma and Jordaan (2017)



* Life Cycle Assessment (LCA) is ‘cradle to grave’ assessment, in this case of greenhouse
gas emissions (GHG).

e Several different methods — process LCA, EIO-LCA.

* LCA and the fuel cycle (supply chain).



e LCA is typically undertaken within a country’s or defined sub-region’s borders.

* A calibrated LCA is required that accounts for boundaries on regulatory jurisdiction and
alternative uses for LNG.

* Presently, there is no comprehensive, interjurisdictional LCA database that employs the
same methodology across shale basins in the US, Canada, and globally.
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Coleman et al (2015) - https://prism.ucalgary.ca/retrieve/44157/LNG-0OP49.pdf
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https://prism.ucalgary.ca/retrieve/44157/LNG-OP49.pdf
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https://www.nrel.gov/analysis/life-cycle-assessment.html Coleman and Jordaan (2015) — posted on C.D. Howe



https://www.cdhowe.org/intelligence-memos/coleman-and-jordaan-how-canadian-liquefied-natural-gas-can-help-reduce-global
https://www.nrel.gov/analysis/life-cycle-assessment.html

Improving results to include country-level infrastructure and power plant
efficiencies in importing nations.
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Industry
* Promote consistent reporting across jurisdictional boundaries

* Participate in the international standardization of LCA, measurement, and reporting
related to regions and nations involved with natural gas import/export

e Participate in measurement studies

Governments

e Similarly, to participate in the international standardization of LCA, measurement, and
reporting related to regions and nations involved with natural gas import/export

* Promote the use of LNG in coal-using countries through trade agreements
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Concluding remarks and future research  jouns Hopkins
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* Global markets have evolved from the Golden Age to an era of potential market
convergence, supply glut, and demand uncertainty.

* Yet, the LNG export continues to grow.

* Much left to discover related to the development of inter-regional and international
LCA.

* Infrastructure and end uses in importing countries presently not well accounted for.
* Power dispatch and markets presently not well modeled.

 Comprehensive datasets data by region and country to develop standardized but
accountable LCA.



University of Calgary

* Prof. James Coleman (now at SMU)
* Jeanne Leando (graduate student, Political Science)
* Dr. Adebola Kasumu (postdoctoral researcher, Chemical Engineering)

* Vivian Li (graduate student, MIT)

Columbia University

* Dr. Tim Boersma (Senior Research Scholar, Columbia University)

EPRI shale gas study
* LCA review: Vivian Li, Dr. Sarah Jordaan

* Additional team members: Dr. Andrew Coleman, Dr. Sean Bushart, Dr. Stephanie Shaw, Dr. Bob Goldstein, Dr. Vic Neimeyer



