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The North American Energy Transformation—
Infrastructure is the Key in Unlocking Greater Economic Wealth

Jane Nakano
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Senior Fellow
Energy and National Security Program
Center for Strategic and International Studies (CSIS)

North America is a region blessed with a significant
level of hydrocarbon resources, and energy has been a
critical aspect of relationships among the three regional
economies. Meanwhile, the ongoing energy transformation
triggered by the U.S. shale revolution has not accorded
economic benefits evenly across North America. The
energy transformation has generated significant economic
benefits for the United States, but it has complicated U.S.-
Canada energy relations while largely bypassing Mexico.
The regional energy resource wealth suggests opportunities
for greater regional economic wealth, but such a bright
economic future is not a foregone conclusion. The scope
and pace of energy infrastructure development holds a key
to the North American ability to gain greater economic

benefits from the energy transformation.

1. North America’s Energy Resource Wealth

All three economies in North America have significant
levels of hydrocarbon resources that are unconventional as
well as conventional (Figure 1), but the ability to exploit

resources varies from a country to country.

Figure 1. Map of basins with assessed shale oil and shale gas formations, as of May 2013
3 = R

Y S a8 B s AR
< Wt Mo FSL Y

Legend (G
&

I Assessed basins with resource estimate i
umate

various published studies

Figure 1. Map of Basins with Shale Oil and Shale Gas Formations
Assessed for the EIA Study (May 2013)
Source: U.S. Energy Information Administration
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1.1 The United States

Successfully unlocking its rich unconventional oil
and gas resources, the United States is leading this North
American energy transformation with the most prominent
changes to its energy production profile. According to
the resource survey by the U.S. Energy Information
Administration, published in June 2013, the United States
has 58 billion barrels of technically recoverable tight
oil resources—or 17 percent of world totals—and 665
trillion cubic feet (Tcf) of technically recoverable shale gas
resources—or 9 percent of global totals."

The United States has known that it had unconventional
oil and gas resources for some decades. However, it was
only about a decade ago that production of shale gas
became commercially viable. Specifically, the significant
resource potential was unlocked by a confluence of factors:
1) the advanced application of technologies like hydraulic
fracturing and horizontal drilling; 2) the accumulation
of shale production expertise; 3) economically attractive
natural gas prices in the 2007-2008 timeframe that
stimulated investment interests; 4) existing access to shale
resources on private lands; as well as 5) the availability of
existing infrastructure such as pipeline networks.

To be precise, even hydraulic fracturing and horizontal
drilling are not brand new technologies. For example, these
technologies were first applied together commercially in
the early 1990s by a small independent company by the
name of Mitchell Energy in the Barnett shales in Texas. The
practice has subsequently been developed and refined, and
has rapidly spread across the United States in the recent
years.

With the advent of successful commercial production

' U.S. Energy Information Administration, Technically Recoverable
Shale Oil and Shale Gas Resources, June 2013.




of tight oil and shale gas, the energy supply profile of the
United States has been changing dramatically. Specifically,
between 2006 and 2013, shale gas production rose by
almost 900 percent, pushing its share in the U.S. domestic
natural gas production from a few percent about a decade
ago, to one-third today (Figure 2). This share is expected
to grow to about half of the total U.S. gas production by
2040, when production is forecast to exceed 100 billion
cubic feet per day (Bcf/d).” This robust increase in shale gas
production has consequently reversed the declining trends
for natural gas production in the United States, resulting
in a 34 percent increase in total domestic gas production
between 2005 and 2014.

U.S. dry shale gas production
billion cubic feet per day
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Figure 2. U.S. Dry Shale Gas Production

Source: EIA derived from state administrative data collected by
DrillingInfo Inc. Data are through December 2013 and represent EIA’s
official tight oil & shale gas estimates, but are not survey data. State
abbreviations indicate primary state (s) .

The U.S. shale revolution has spread beyond natural gas.
The production of unconventional oil in the United States is
as well gaining momentum (Figure 3). In 2013 alone, U.S.
crude oil production increased by nearly 1 million bbl/d—
that volume was larger than the combined increase in the
rest of the world in the same year.” The growing production

of unconventional oil has reversed decades of decline in U.S.

> Adam Sieminski, Implications of the U.S. Shale Revolution
(presentation at the Center for Strategic and International Studies),
October 15, 2014.

* U.S. Energy Information Administration, U.S. crude oil production
growth contributes to global oil price stability in 2013, Today in
Energy, January 9, 2014.

oil production levels. For example, the U.S. production of
unconventional oil more than tripled between 2009 and
2012.

U.S. tight oil production
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Figure 3. U.S. Tight Oil Production

Source: EIA derived from state administrative data collected by
DrillingInfo Inc. Data are through December 2013 and represent EIA’s
official tight oil & shale gas estimates, but are not survey data. State
abbreviations indicate primary state (s) .

1.2 Canada

Canada, which is endowed with a rich and varied set of
natural resources, is one of the five largest energy producers
in the world, behind China, the United States, Russia, and
Saudi Arabia.

Last year, Canada produced more than 4 million bbl/
d of petroleum and other liquid fuels.* Production of
unconventional oil in the form of oil sands’® accounted for
more than half of Canadian oil output in 2013 and this
share has been on a steady rise in the past decade. Looking
into the future, Canadian crude oil production is expected
to increase by an average of 4 percent annually through
2030, driven by a strong growth in its oil sands production,
which is forecast to grow 2.5 times between today and
2030 (Figure 4).°

* U.S. Energy Information Administration, ° (Last Updated on
September 30, 2014)

* The oil sands are permeated with bitumen, which is a form of
petroleum in a semi-solid state that is typically found blended with
sand, clay, and water in its natural state.

® Canadian Association of Petroleum Producers, Crude Oil—Forecast,
Markets & Transportation, June 2014, p.i.
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Figure 4. Conventional Crude Oil and Oil Sands Production in Canada
Source: Canadian Association of Petroleum Producers

The production of the oil sands in Canada was once
more expensive than that of tight oil in the United
States. However, greater experience and technology
improvements have driven down the cost of extracting
the oil sands. According to the U.S. Energy Information
Administration, in-situ projects in Alberta are estimated
to break even at an average of $64 and mining projects
between $60-$65 per barrel, while U.S. unconventional oil
from the Permian Basin has an estimated cost of $81 per
barrel, Bakken $69 per barrel, and Eagle Ford about $64
per barrel.”

Canada is also a leading producer of natural gas in the
world although the Canadian share of global proven gas
reserves is relatively small. The country ranks fifth in dry
natural gas production and fourth in natural gas export—
only behind Russia, Qatar, and Norway. Meanwhile,
Canada is believed to have a significant level of
unconventional gas resource base. They include coal bed
methane (CBM), shale gas, and tight gas and reside mostly
in the WCSB. According to the 2013 resource survey by
the U.S. Energy Information Administration, Canada has
an estimated 573 Tcf of technically recoverable shale gas

resources.

1.3 Mexico
Mexico is the other North American cohort that has a
significant level of hydrocarbon resource endowment. The
country is one of the 10 largest oil producers in the world.
Mexico produced an average of 2.9 million bbl/d of
petroleum and other liquids in 2013, including 2.5 million

bbl/d of crude oil.* This production level, however, is a

’ Patricia Mohr, Commodity Price Index, Scotiabank, February 20, 2014.

¥ U.S. Energy Information Administration, Country Analysis Brief:
Mexico. (Last Updated on April 24, 2014) The 2014 level is expected
to be even lower, but no final account at the time of publication.

significant decline from a peak of about 3.85 million bbl/
d in 2004 (Figure 5).” Declining production levels have
consequently reduced the level of exports. In a decade
between 2003 and 2012, the Mexican crude oil exports
declined by 59 percent.'’ The production decline is driven
by a combination of failing productivity from mature oil
basins, chronic failure to invest for future production as
well as rising domestic energy demand. For example,
Mexico currently depends on mature fields for over 80
percent of its production—a high number when compared
to 47 percent in the United States, 51 percent in Canada, as
well as a global average of 55 percent." Also, the lack of
investment has led to Mexico’s proven reserves in 2014 to

be roughly 20 percent of what they were in 1999."

Mexico total oil production and consumption, 2004-15
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Figure 5. Total oil production and consumption in Mexico, 2004-2015
Source: U.S. EIA

Meanwhile, Mexico is believed to have sizable
deep water resources in the Gulf of Mexico near the
U.S. maritime border as well as tight oil and shale gas
resources. For example, Mexico’s shale gas resources at
545 Tef is ranked sixth largest of all countries that were
examined in the 2013 resource survey by the U.S. Energy
Information Administration. Limited technical capability

and investment have hindered developing these resources

° U.S. Energy Information Administration, International Energy
Statistics, http://www.eia.gov/cfapps/ipdbproject/TEDIndex3.
cfm?tid=5&pid=53&aid=1.

' U.S. Energy Information Administration, International Energy
Statistics, http://www.eia.gov/cfapps/ipdbproject/TEDIndex3.
cfm?tid=5&pid=54&aid=4

"' Amrita Sen and Shweta Upadhyaya, Awaiting the Mexican Wave,
Oxford Energy Comment, June 2014, p.3.

"> U.S. Energy Information Administration, International Energy
Statistics, http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.
cfm?tid=5&pid=57&aid=6
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to date. Consequently, the gap between Mexico’s natural
gas consumption and production levels is beginning to

widen.

2. Energy Trade within North America
Given the hydrocarbon resource profile of the North
American economies, energy trade is undeniably a

significant factor that brings them together.

2.1 U.S.-Canada Energy Relations

Energy trade is one of the most important facets of
the economic relationship between the United States and
Canada. For example, Canadian crude exports met one
third of U.S. crude oil import needs in 2013 (Figure 6)—the
volume that constituted about 97 percent of Canadian oil

exports the same year."

U.S. crude oil imports, 2004-13
million barrels per day
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Figure 6. Key Supplies of Crude Oil to the United States
Source: U.S. EIA

Moreover, the cross-border oil trade is a two-way street.
While the United States is a large net crude oil importer
from Canada, at 2.6 million barrels per day (bbl/d) in 2013,
Canada imported 133,000 bbl/d of crude from the United
States the same year." The United States exports crude as
well as petroleum products to Canada despite the general
prohibition on the export of crude oil produced in the
United States because the trade with Canada falls in the
narrow scope of exception to the prohibition.

This two-way trade relationship is a result of both the
configuration of existing refineries and their geographical
placement. Canada sends nearly all of its crude to the
United States—Midwest and the Gulf Coast—from its oil

production rich western provinces while Canada receives

" EIA, Country Analysis Brief on Canada.
14 .:
Ibid.

U.S. crude and energy products in its eastern provinces,
which are more densely populated yet have less oil
production.

The importance of bilateral energy trade extends to
natural gas. Canada is by far the dominant supplier of
natural gas to the United States. The natural gas supplies
from Canada meet about 97 percent of U.S. import needs
and most of the supplies come from resource rich western
provinces. Similar to the bilateral trade in crude oil, the
United States also exports natural gas to Canada although it
is a net importer of Canadian natural gas.

The close energy relations between the United States
and Canada translate into strong trade relations. In 2013, the
United States exported $26.7 billion worth of energy goods
to Canada—Ied by $12.56 billion of petroleum products—
and imported $108 billion worth of energy goods from

Canada that same year."

2.2 U.S.-Mexico Energy Relations

Energy trade is robust between the United States and
Mexico as well.

One of the top 10 leading producers of oil in the world,
Mexico regularly ranks as the third largest crude exporter
to the United States, after Canada and Saudi Arabia (Figure
6). The country exports about 70 percent of its crude to
the United States—the largest destination—and imports
from the United States refined products to meet most of its
import needs as well as a growing volume of natural gas via
pipelines.

Decline in the levels of crude exports due to slowing
crude production over the past decade has also reduced
Mexico’s crude exports to the United States. Since its
peak crude export to the United States at 1.6 million bbl/
d in 2004, Mexico has exported less and less crude oil to
the United States.'® Similarly, Mexican exports of refined
petroleum products to the United States have also declined
in recent years, from a high of 132,000 bbl/d in 2010
(Figure 7).

" U.S. Census Bureau, U.S. Exports to Canada by 5-digit End-Use
Code 2004 — 2013. http://www.census.gov/foreign-trade/statistics/
product/enduse/exports/c1220.html The figures doe not include the
amount for electricity or nuclear fuel materials, but includes coal and
its related fuels.

' EIA, Country Analysis Brief on Mexico.

" Ibid.
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Figure 7. U.S.-Mexico Crude Oil and Petroleum Products Trade
Source: U.S. EIA

While the total monetary volume of trade between the
United States and Mexico in the category of energy goods is
far smaller than that between the United States and Canada
($24.9 billion in U.S. energy goods exports to Mexico and
$34.9 billion in U.S. energy imports from Mexico in 2013),
trade statistics suggest the significant role of energy goods
in bilateral trade. For example, in 2013, Mexican crude oil
supplies at the value of $31.8 billion was one of the leading
imported goods in to the United States, and was a close
second to auto parts and accessories, at $34.7 billion." In
the same year, U.S. petroleum product exports to Mexico,
at the value of $14.9 billion, accounted for about 25 percent
of the value of U.S. petroleum product exports to the world
($61 billion)."”

3. Uneven Effects of the North American
Unconventional Energy Boom

3.1 The United States as the Clearest Beneficiary

The impact of the shale revolution is changing the
place of the United States in the global energy economy.
Combined with stricter fuel efficiency standards in the
transportation sector and the slow economic recovery in the
United States, the growing production of unconventional oil
and gas in the United States has been reducing U.S. import
reliance since 2005. Specifically, on the natural gas side, the
40 percent increase in the domestic production of natural
gas in the United States has translated into a 28 percent
reduction in natural gas import levels.

This turn of fortune has led many of the liquefied natural
gas terminals that had been permitted or constructed about

a decade ago to receive LNG supplies from gas producers

" U.S. Census Bureau, U.S. Exports to Canada by 5-digit End-Use
Code 2004 — 2013. http://www.census.gov/foreign-trade/statistics/
product/enduse/imports/c2010.html

" Ibid.

abroad to undergo regulatory and engineering processes to
be able to begin shipping U.S. LNG to global markets. Of
nearly 20 LNG export projects before the U.S. Department
of Energy for authorization to export to countries which do
not have a Free Trade Agreement with the United States,
about half a dozen have thus far been approved to proceed
and the first shipment is expected by the end of 2015.

On the oil side, a 50 percent increase in the domestic
oil production has helped reduce the level of U.S. crude
import by 16 percent. The impact on U.S. energy imports
is thus far most pronounced in the steep reduction of U.S.
crude imports from African countries like Nigeria, Angola
and Algeria, which produce light sweet crude—the quality
similar to the U.S. tight oil.

Moreover, the advent of tight oil production has also
reduced the level of U.S. imports of petroleum products.
Although the United States continues to be a leading
importer of petroleum products such as distillate fuels,
propane and gasoline in the world, it is also beginning to
export an increasing amount of petroleum products. U.S.
petroleum product exports averaged 3.5 million bbl/d in
2013, which was 10 percent higher than the 2012 level.”

3.2 Canada’s Mixed Blessing

The development of unconventional oil and gas
resources in Canada has made the country more resilient as
an energy producer, as illuminated in the preceding section.

However, declining U.S. appetite for natural gas
imports has begun complicating U.S.-Canada energy trade,
which has long been characterized by mutual dependency.
Specifically, domestic gas abundance in the United States
is reducing the level of U.S. reliance on Canadian natural
gas (Figure 8). For example, U.S. gas import from Canada
declined from near-peak levels of 3.8 trillion cubic feet (Tcf)
in 2007 to 2.8 Tef in 2013.

Moreover, the shale revolution in the United States has
facilitated an increase in the volume of U.S. gas exports to
Canada. Between 2000 and 2013, U.S. gas export to Canada
grew from 100 billion cubic feel (Bcf) to more than 900
Bcef”! The levels of U.S. gas exports to Canada will likely
grow given strong prospects for the continued production

of natural gas in the United States.

» U.S. Energy Information Administration, U.S. petroleum product
exports increase in 2013, Today in Energy, April 22, 2014. http://www.

eia.gov/todayinenergy/detail.cfm?id=15951
*' EIA, Country Analysis Brief on Canada.
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Figure 8. U.S. net natural gas imports by source (reference case,
1990-2040)
Source: U.S. EIA Annual Energy Outlook 2014

Furthermore, the U.S. shale gas revolution has affected
the Canadian approach to gas trade outside North America
just as it has to the United States. First, the growing
production of shale gas at home has diminished Canada’s
interest in importing LNG and, consequently, most of
the plans for LNG terminals have either been cancelled
or suspended. Instead, about 20 LNG export ventures
are proposed today. An overwhelming majority of these
projects are located in the hydrocarbon resource rich
province of British Columbia.

The National Energy Board of Canada has thus far
issued export license to seven LNG projects,” but it
remains highly uncertain exactly how many of them will
materialize as most of the Canadian projects—unlike those
in the United States—are green-field ventures and thus
require significant upfront investment. Their commercial
success depends largely on how successfully they can
control construction related cost inflation as well as
overcome opposition by the First Nations.” Nonetheless,
strong competition is on the horizon between U.S. and
Canadian LNG export projects as both eye the lucrative gas
markets in Asia, which show continued strong appetite for

gas imports.

** National Energy Board, LNG Export Licence Applications. http://
www.neb-one.gc.ca/ppletnflng/mjrpp/Ingxprtlenc/index-eng.html
(Last accessed: October 27, 2014).

* According to the Canadian government agency of the Aboriginal
Affairs and Northern Development, the term “First Nations people”

generally refers to the Indian peoples in Canada. http://www.aadnc-
aandc.gc.ca/eng/1100100014642/1100100014643

3.3 Mexico under Pressure

The picture for Mexican energy economy in the age of
North American unconventional revolution may be more
straightforward in that the unconventional energy boom has
largely bypassed Mexico.

For example, Mexico has been slow to take advantage
of its shale gas resources despite its significant potential,
as noted earlier. Instead, Mexico is becoming increasingly
dependent on natural gas imports due to stagnating domestic
production and growing domestic demand, particularly
in its electricity sector. For example, Mexico’s domestic
demand has increased about 80 percent since 2000, while
its production has grown only by 50 percent during the
same period. Mexico relies on U.S. natural gas supplies—
which currently arrive via pipelines—for a significant share
of its import needs. For example, the United States exported
620 Bcf of natural gas supplies to Mexico, which was about
80 percent of a total Mexican import of 779 Bef in 2012;*
the rest is met by LNG supplies from other countries—
mainly in the Middle East and North Africa. This share of
U.S. exports to Mexico—which is deemed to be in public
interest and thus permitted—is equivalent to 38 percent
of total U.S. natural gas exports today.”” Moreover, low
gas prices in the United States and Canada appears to be
facilitating Mexico’s gas consumption.

The bilateral relationship between Canada and Mexico
is rather limited in the area of energy in large part as both
countries, and particularly their heavier crude, compete for
markets in the United States that are increasingly becoming
self-sufficient. Also, the geographical separation stands
in the way of direct energy transporting infrastructure
development and hampers commercially attractive natural

gas trade from taking root in the bilaterally.

4. Prospects for Greater Economic Wealth

The unconventional energy revolution that has been
sweeping across much of North America has brought about
a variety of economic benefits. The North American energy
transformation has a strong potential to bring even greater
economic benefits.

Robust unconventional energy production in the

region, including shale gas, tight oil and oil sands, has

* EIA, Country Analysis Brief on Mexico.
* Ibid.
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significantly drawn global investment interest in upstream
opportunities in North America. For example, North
America leads the world by having attracted $392 billion
(both capital expenditure and operational expenditure) in
2012 for energy exploration and production activities.*
Continued investment in unconventional resources is
expected to raise the investment level to over $500 billion
by 2016.” In comparison, the upstream investment in
the Asia-Pacific region, which ranks as the second most
attractive region, is driven more by offshore development
interest—the total investment in 2012 was $238 billion;
the regional total in 2016 is expected to increase to $323
billion.”

Also, low natural gas prices due to robust shale gas
production benefit those which depend on natural gas as
feedstock—such as the manufacturers of petrochemicals,
cement, glass, fertilizer, aluminum, plastics and steel—by
increasing their competitiveness.

For example, over $115 billion of new investment
in petrochemical facilities in the United States has been
announced, including a $4 billion investment by Dow,” to
take advantage of abundant, cheap natural gas and natural
gas liquids feedstock. Interestingly, about 60 percent of
such investment comes from non-U.S. companies.*

Needless to say, such signifiant upstream investment as
well as manufacturing competitiveness have a significant
multiplier effect on the economic condition of the region.
According to IHS, by 2012, the unconventional oil and gas
activity was supporting over 2.1 million jobs across a vast
supply chain.’’

Looking into the future, various studies suggest that
continued success in unconventional energy production
could lead to a stronger regional economy.

For example, the U.S. economy will gain 3.3 million
jobs by the end of the decade and almost 3.9 million
by 2025 from a combination of positive effects of
unconventional energy production such as lower oil and

natural gas prices, impact on the energy value chains and

* THS, Total 2012 Upstream Oil and Gas Spending to Reach Record
Level of Nearly $1.3 Trillion, April 30, 2012.

* Ibid.

* Ibid.

* Daniel Yergin, Testimony before the Joint Economic Committee of
the United States Congress, June 24, 2014.

* Ibid.

* Ibid.

a manufacturing renaissance, according to THS studies.”
As for U.S. GDP growth, the same studies forecast that
the annual contributions of unconventional energy will
nearly double from $284 billion in 2012 to $533 billion in
2025.%

The outlook for economic benefits from unconventional
energy production is also strong for Canada. The Canadian
oil and gas sector expects continued investment in domestic
development and operations through 2022 to sustain
213,000 to 224,400 jobs annually in exploration and
production, oil and gas services and pipeline operation
in Canada.” The figure is higher at an annual average of
894,100 to 1,036,100 when indirect and induced jobs are
included.”

Mexico also anticipates a stronger macroeconomic
position from successful implementation of energy sector
reform, which is crucial to Mexico’s ability to unlock its
unconventional energy potential.

Several U.S. studies on the economic prospects for
post-reform Mexico suggest that the energy sector will
create over 300,000 direct, indirect and induced new jobs a
year,” as well as add 0.8 percent to its GDP growth rate and
$20 billion per year of foreign direct investment by 2016 or
2017.7

5. Infrastructure—Key to Realizing Greater Regional
Economic Wealth

The prospect for greater economic wealth from the
North American energy transformation, however, is not a
foregone conclusion. Energy infrastructure such as pipelines
and refineries, and the prospect for updating and expanding
them hold a key to a more robust economic relationship

among the three North American countries.

5.1 Pipelines
The interconnectivity of the pipeline system strongly

underpins energy trade between the United States and

*> Mohsen Bonakdarpour, America’s New Energy Future (presentation
to the CSIS), February 27, 2014.

* Ibid.

3 Canadian Association of Petroleum Producers, Crude Oil: Forecast,
Markets & Transportation, June 2014, p.12.

* Ibid.

3¢ David H. Petracus and Robert B. Zoellick, North America, Council
on Foreign Relations, October 2014, p.22.

*7 Clare Ribando Seelke, Mexico: Background and U.S. Relations,
CRS report, January 30, (R42917) 2014, p.10.
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Canada. The extensive pipeline system connects the centers
of Canadian production with refining and export centers
in the United States—in the case of oil—and with U.S.
markets—in the case of natural gas.

But, a major bottleneck has emerged particularly in the
crude oil pipeline system in the United States, in Canada as
well as between U.S.-Canada.

Generally speaking, the U.S. crude oil pipeline network
was originally designed to move crude oil and petroleum
products northward, from the Gulf Coast to Cushing,
Oklahoma, and other destinations.

Much of the unconventional oil production in the United
States, however, is taking place in North Dakota and Texas,
and the existing pipeline network is inadequate to meet the
rising levels of crude oil that need to be transported from
these areas to where the refineries are. Especially areas
like the Williston Basin, which is home to the Bakken
formation, that are relatively new to oil and gas production
activities, suffer from a severe deficit in pipelines to
transport the resources to markets. The lack of sufficient
pipelines has caused unconventional oil supplies to be
stranded, inducing them to be discounted against global oil
prices. For example, the price of West Texas Intermediate
(WTD—US benchmark—had traditionally been higher than
Brent—the global benchmark, but it has become discounted
against Brent in recent years due to its logistical deficiency.

Many energy industry observers and policymakers have
voiced concern that the undervalued crude over a sustained
period of time may force producers to delay production
or curtail volumes. Such a development could reduce not
only oil supplies but also natural gas supplies in the United
States, as a substantial portion of U.S. gas production is
associated with oil production, significantly diminishing the
multiplier effect of lower energy prices on macroeconomic
health.

The pipeline system is an issue in Canada, too. Despite
the capacity to process 1.9 million barrels per day of crude
oil, only about 60 percent of the crude oil processed in
Canada is sourced from domestic production not because
Canadian production is limited or in trouble, but because
refineries in Eastern Canada have limited access to crude oil
supplies from the resource rich western Canada.” Much of
the oil pipeline network from resource rich Western Canada

currently serve refineries in Western Canada and Ontario.

*¥ Canadian Association of Petroleum Producers, p.11.

Even for existing pipelines, the transport capacity
is overwhelmed by growing oil production in Canada
and the United States. Pipelines and tanker ships have
been the conventional modes of transporting crude. For
example, these modes accounted for 96 percent of crude oil
movement to refineries between 2005 and 2010.” However,
as the pipeline capacity continues to be outpaced by rising
crude supplies in North America, producers are beginning
to turn to railroads, trucks and barges as alternative modes
of transporting crude to refineries. For example, the number
of U.S. train cars filled with crude oil jumped from around
9,300 in 2008 to 434,000 in 2013.* Also, between 2011
and 2012, the numbers of trucks carrying crude to refineries

increased by 38 percent and barges by 53 percent.”!

Canadian & U.S. Crude Oil Pipelines and Proposals

Enb/Enterprise St
40

Figure 9. Canadian and U.S. Crude Oil Pipelines and Proposals
Source: Canadian Association of Petroleum Producers

Reportedly, more than $40 billion in oil pipelines are
either under construction today or being planned for in the
coming years (Figure 9),* and this development should
allow markets to more efficiently match supplies and needs
between the United States and Canada. Those recently
completed or under construction include several capacity
expansion projects by Canadian oil company Enbridge
within the United States, TransCanada’s Keystone extension

from Steele City, Nebraska to Cushing, Oklahoma, as well

* Institute for Energy Research, Oil shipments by rail, truck, and barge
up substantially, September 9, 2013.

“ Ibid.

* bid.

2 Wall Street Journal, Pipeline Capacity Squeeze Reroutes
Crude Oil, August 26, 2013, https://id.wsj.com/auth/proxy/
refresh?url=http%3A%2F%2Fonline.wsj.com%2Farticle%
2FSB100014241278873238382045790030934133174138.
html%3FKEYWORDS%3Dpipeline
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as TransCanada’s 450-mile southern route for the Keystone
XL pipeline—connecting Cushing, Oklahoma to the Gulf
Coast.

Those planned or proposed include a capacity expansion
plan by Enbridge in 2016, as well as the northern leg of
TransCanada Keystone XL, from Hardisty, Alberta to Steele
City, Nebraska, and TransCanada’s Energy East project.

The northern route for TransCanada’s Keystone XL, for
which initial applications were filed over five years ago, has
undergone route revisions and several studies to determine
its environmental impacts. The project continues to wait for
completion of the U.S. government review process.

The Energy East, for which formal application
documents were filed just on October 30, is a new $12
billion pipeline system that aims to carry crude oil from
Alberta and Saskatchewan to refineries in the east by
converting almost 2,000 miles of natural gas pipeline into
oil-carrying infrastructure, as well as adding roughly 1,000
miles of new pipeline.

These major pipeline projects are expected to efficiently
match specific grades of crude oil to refineries that are
designed to process them.

New pipelines are also crucial to boosting natural gas
trade between the United States and Mexico. In fact, the
pipeline limitation is essentially capping Mexico’s natural
gas imports from the United States at about 1.4 billion
cubic feet (Bef) per day.”

There are now plans to increase the operational
interconnections in the U.S.-Mexican gas pipeline network
from 13 to 15, to facilitate the supply of U.S. natural gas to
Mexico.* Also, the Ramones Pipeline, from Agua Dulce,
Texas, to Mexico’s central industrial area, is expected to
allow Mexico to benefit from shale gas from Eagle Ford,
Texas. This pipeline with the capacity of 2.1 bef/d, can
potentially carry nearly one-fifth of Mexico’s natural gas

needs.”

5.2 Refineries
The refinery system is another infrastructure related

challenge and is interlinked to the pipeline woe that is faced

* Reuters, Mexico'’s Pemex to build most of Ramones II pipeline
project, October 25, 2013. http://www.reuters.com/article/2013/10/25/
mexico-pemex-idUSLINOIF1UD20131025

“EIA, Country Analysis Brief on Mexico.

* Reuters, Mexico's Pemex to build most of Ramones II pipeline
project, October 25, 2013. http://www.reuters.com/article/2013/10/25/
mexico-pemex-idUSLINOIF1UD20131025

by the North America.

Within the United States, growing production of low-
sulfur light crude from tight oil formations is creating some
idle capacity at refineries that were designed to process
heavy Canadian or other imported crude. Moreover,
refineries in the central United States and Canada have
reached saturation and cannot process additional volumes

of crude oil.**

Upgrades and expansions will help alleviate
this problem (although some analysts believe that these are
not a long term solution to the market saturation issue).

The refining challenge is more prominent in the
Mexican energy sector and in the energy relations between
the United States and Mexico. Mexico’s refinery sector,
which has not seen new refinery built since 1979," is in
dire need for an update. There currently are six refineries
in Mexico and all of them are operated by Petroleos
Mexicanos (PEMEX), the state-owned oil company, with
a total refining capacity of 1.54 million bbl/d. But, the
capacity is insufficient to meet its domestic demand for
refined products or to process heavy crudes like its Maya
crude.

Although Mexico has one of the lowest crude extraction
costs—at $6.84 (in comparison, industry average costs is
$11.23),* a combination of problems like refineries’ age,
inefficiency, and low capacity utilization have resulted in a
net loss of $6.5 billion to PEMEX in 2013."

In effort to reduce its import dependence for refined
products, Mexico plans to improve its domestic refinery
capacity by expanding its Tula refinery as well as building a
new refinery at the price tag of $3.5 billion and $10 billion,
respectively.”

It is a subject of great debate, however, whether the
Mexican refinery sector would ever become competitive
enough to make its refined products commercially an
attractive alternative to imports from the United States
given the country's close proximity to a sophisticated

refining center in the United States.

*® Trisha Curtis, Matt Calderon, Ben Montalbano and Lucian
Pugliaresi, Pipelines, Trains and Trucks, EPRINC, 2013, p.26.

7 Amrita Sen, et al., p.13.

* Ibid.

* Ibid.

" David Alire Garcia, Update 1-Pemex sees $3.5 bin Tula
refinery expansion adding 40,000 bpd, Reuters, September 23,
2013. http://www.reuters.com/article/2013/09/23/pemex-ica-
idUSL2NOHJ27M20130923
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6. Additional Ingredients for Greater Energy
Economic Wealth

The locations and capacities of energy infrastructure
are important considerations for the North American
ability to sustain or expand the energy transformation and
to further regional economic wealth. There are several
additional issues, many of which in the realm of public
policy, that also influence the economic outcomes from the
unconventional energy boom, either directly or indirectly,
by affecting the scope and speed of needed energy

infrastructure build-out.

6.1 Productivity of unconventional reservoirs

There remains uncertainty regarding the ultimate
potential of unconventional energy reservoirs—especially
for tight oil—in the United States. While resource
estimates continue to rise for shale gas and tight oil, the
history of tight oil and shale gas production is a short one.
Generally speaking, shale gas and tight oil wells have
very high decline rates. Moreover, legacy decline rates
are accelerating in all U.S. oil plays, including Bakken,
according to the productivity study by the EIA.*" Also,
production rates for different wells in the same formation
can vary by as much as a factor of 10.” These geological
uncertainties add to the difficulty as well as danger of
extrapolating long-term trends for tight oil production in
North America. Such general uncertainty can help explain
the absence of more active investment into new pipelines,
which “typically require a high degree of confidence that
shipping volumes can be sustained long enough to amortize
a pipeline over 20 years.””

Moreover, much of tight oil output in the United States
has been low-sulfur light crude, but there is no certainty
that no major alteration will emerge in the mix of crude
slates. Such uncertainty can also slow refineries to commit
to expansion or upgrade as different slates can lead to
varying discounts.™ It therefore is completely conceivable
that producers will prefer the more expensive rail option

to pipelines for some time as rail allows for the ability to

*' EIA, “Drilling Productivity Report: year-over-year Summary,”
March 2014, http://www.eia.gov/petroleum/drilling/pdf.summary.pdf
*2 EIA, “Geology and Technology Drive Estimates of Technically
Recoverable Resources,” July 20, 2012, http://www/eia.gov/
todayinenergy/detail.cfm?id=7190

* EPRING, p.37.

* Ibid.

select which markets they will sell their crude oil without

requiring a long term destination commitment.

6.2 U.S. crude export policy

Uncertainties surrounding the future scope of U.S.
crude exports may also perpetuate indecision to invest in
major energy infrastructure. There currently is a prohibition
on the export of crude produced in the United States with
a few exceptions. These exceptions include crude oil
produced in Alaska’s Cook Inlet, exported to Canada for
consumption therein, exports in conjunction with refining
or for exchanges of oil in the Strategic Petroleum Reserve,
exports of small amounts of heavy crude produced in
California, and exports of foreign oil where the exporter can
prove that the crude is not of U.S. origin or has not been co-
mingled with U.S. crude.

This ban is comprised of several statutes, including
the Energy Policy and Conservation Act of 1975, which
was passed in reaction to the oil embargo of 1973. Until
recently, the ban on crude oil exports had little impact on
U.S. production or prices because demand significantly
exceeded domestic supply.

In light of growing tight oil production in the United
States, the ban has contributed to varying price discounts
for domestic crude benchmarks in the United States, and
caused redundancy in refineries that are designed to process
imported heavy crude.

Apprehensions surrounding lifting the ban stem from
the notion that oil is a strategic asset and export restrictions
are vital to U.S. national interests. Also, concern exists that
the unabridged exports may raise the price of domestic
gasoline.

Several major studies that have come out this year point
out, however, that lifting the ban on crude oil exports would
add more supply to the global pool of crude oil and drive
down the global benchmark that determines gasoline prices
in the United States. It remains unclear whether this finding
would suffice to persuade those skeptical of lifting the ban,
but the momentum for liberalizing U.S. crude oil continues

to rise in the nation’s capital.

6.3 Mexican energy sector reform

Mexico’s ability to benefit from the ongoing energy
transition in North America as well as its scale of future
contribution to the greater North American economic

wealth will depend significantly on the success of its energy
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sector reform.

The importance of the oil sector to Mexico is hard to
overstate. The oil sector, which accounted for 13 percent of
Mexican export earnings in 2012, contributes significantly
to the country’s fiscal condition. For example, taxes and
direct payments from the oil industry provided about 32
percent of total government revenues in 2013.%

Growing urgency to address the decline in its domestic
oil production and attendant damage to the national
economy have finally led the Mexican government to enact
in December 2013 constitutional reforms to end the 75-year
monopoly of PEMEX. The reform also aims to facilitate
greater involvement of international companies in the
Mexican energy sector.

Investment as well as technology and technical
expertise of international companies are deemed essential
to Mexico’s ability to take advantage of its shale gas
resources, to improve deepwater offshore production,
as well as to develop potential reserves. Reportedly,
developing Mexico’s potential reserves will require some
$830 billion in capital expenditure.”

The significant revision by the U.S. Energy Information
Administration of its petroleum and other liquids
production forecast for post-constitutional reform Mexico
illustrates the importance of the reforms for the energy

sector (Figure 10.)

IEO2014
IEO2013

2010 2020 2025 2030 2035 2040

Figure 10. EIA Forecast on Mexican production of petroleum and
other liquid fuels through 2040 (million barrels per day)
Source: EIA, International Energy Outlook 2014

* EIA, Country Analysis Brief on Mexico.
* Amrita Sen, et al., p.3.

The Trans-boundary Hydrocarbon Agreement, which
was signed between the United States and Mexico in
August 2012, is also expected to facilitate the development
of Mexico’s deepwater by allowing U.S. companies and
PEMEX to jointly develop trans-boundary reservoirs, as
well as by opening up resources in the Western Gap that
had been under a development moratorium.

Notwithstanding concern that the pace of reform may
exceed Mexico’s ability to reorganize its energy industry,
including its regulatory body which evaluates and awards
contracts,” the reform is fundamental to Mexico’s ability
to turn its energy economic fortune around and to become
a beneficiary from the ongoing energy transition that has
largely defined the North American energy landscape in the
recent years.

6.4 Environmental regulations

Environmental regulations is another area of uncertainty
that greatly affects the pace and scope of infrastructure
build out as well as of oil and gas production activities.

In light of growing public awareness of the climate
change problem and attendant increase in public preference
for lower carbon emitting sources of energy, natural gas has
become a preferred fuel choice for many as it is known to
emit about half the carbon dioxide of coal when burned to
generate electricity.

But, others question giving a sustained role to natural
gas, as it is not an emission-free source of energy. In fact,
greenhouse gas (GHG) emissions from energy production
has become an intense focus of energy policy debate in
the United States and Canada. In particular, shale gas
production in the United States and oil sands production in
Canada have come under environmental scrutiny for their
purported linkage to GHG emissions. For example, the
U.S. Administration under Barak Obama has repeatedly
expressed interest in regulating methane emissions from oil
and gas production activities.

An increasing number of studies have been undertaken
in effort to increase collective knowledge on the actual
emission rates along the energy production value chain.
Such uncertainty explains the political difficulty in going
against environmental opposition to energy infrastructure,
such as the northern leg of Keystone XL. The earlier focus

of its environmental concern was on the pipeline route

7 Amrita Sen, et al., p.5.
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through environmentally sensitive lands, but the focus has
shifted to the GHG emissions from production growth of
Canadian oil sands.

The future scope of environmental regulation in one
country can have broader, regional implications within
North America.

7. Conclusion

The energy transformation in North America has thus
far had uneven impact on the three regional economies.
However, there is great potential for more robust economic
benefits for all. Successful expansion and modernization
of some key pipelines and refining capacities can help
address market inefficiencies as well as bring the energy
sectors of the three countries closer together. Also, the
energy infrastructure build-out is essential for a sustained
development of unconventional energy resources and for
attendant generation of various economic benefits, such
as job creation, and higher GDP growth. Notwithstanding
several policy, regulatory and geological uncertainties,
North America warrants much attention as a region with

great aspirations and prospects for economic growth.
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Additive Manufacturing Takes Flight
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opportunities throughout Asia..

Due to the continued trend of replacing labor with
capital, plus the competitive pressures of globalization,
manufacturing employment in the United States fell over
the past fifteen years from 17.6 million workers to 12
million today. Significantly cheaper oil, gas and electricity
prices can bring some energy-intensive manufacturing back
to the U.S. At the same time, U.S. enterprises continue to
scale the upper-reaches of sophistication in a number of
‘disruptive’ high-end industrial technologies and processes,
from high-precision tools to advanced manufacturing. The
U.S. government is keen to realize an overarching strategy
to ensure American leadership in advanced manufacturing.
Especially at a time when economy-wide labor productivity
levels have witnessed a degree of slippage, the retention of
a high-value manufacturing base and a fertile environment
for innovation is an important whole-of-government
goal for the Obama Administration. Its ‘America Makes
Mission’ is the key policy initiative which aims to foster a
collaborative infrastructure for open exchange of additive
manufacturing information and research, and thereby
accelerate the development and transfer of additive
manufacturing technologies to the private sector. This
article introduces the significance of additive manufacturing
and the transformative possibilities that such technologies

embody in modern-day industrial processes.

Since the onset of the Industrial Revolution, machining
— and manufacturing — has been a ‘subtractive’ process.
A piece of raw material was cut into a desired final
shape and size by a controlled material-removal process.
A desired outcome, or form, was extracted from a
seemingly irrelevant or undesired environment. Since

their introduction and emergence in the 1980s, additive

34

manufacturing technologies has embodied the promise
of radically disrupting and transforming this process of
machining — and manufacturing. In contrast to ‘subtractive’
processes, additive technologies construct a desired final
shape by heaping successive thin layer-upon-layer of the
raw material by way of a controlled material-accumulation
process. The technology’s promise too appears ready to
break out beyond the modeling and prototyping applications
to which it has hitherto been confined. Last year, General
Electric expressed its intent to dispense with ‘subtractive’
processes in the manufacture of the fuel nozzle for its new
aircraft engine and embrace metal additive manufacturing
processes instead. As more and more companies embrace
the use of additive manufactured parts and components in
their final products, the technology is expected to gradually

20 mainstream.

Additive Manufacturing (AM) is officially defined as “a
process of joining materials to make objects from 3D model
data, usually layer upon layer, as opposed to subtractive
manufacturing technologies.” In most applications, a digital
3D image is created using a computer-aided design (CAD)
system and divided into numerous layers. A 3D printer then
prints successive layers of material - the build-tray being
lowered by a fraction of a millimeter at a time after each
layer is complete. The successive cross-sectional layers are

then fused together to create a single object.

At this time, there are seven recognized AM
technologies in practice, according to the industry standards
agency ASTM. These technologies are based mainly
around extrusion (forcing heated thermoplastics through a

nozzle into a series of layers), inkjet systems and powder



bed fusion (where electron or laser beams are used to
melt and form polymer and metal powders on a horizontal
bed). Two earlier approaches, stereo-lithography (SLA)
and selective laser sintering (SLS) were pioneered in the
1980s. Additive manufacturing technology, typically, is
most commonly used for modeling, prototyping, tooling,
short-run production, and series production applications in
the aerospace, medical, dental and jewelry sectors. In time,
it is anticipated that its usage will expand more broadly
within these sectors as well as in the automotive sector-
along the way, enabling greater flexibility in design and

customization, less scrap and shorter production cycles.

AM appears to have attained critical mass as a self-
sufficient industry, enjoying extremely buoyant levels of
growth. According to Terry Wohlers, who runs a consulting
and research firm specializing in this field, the compound
annual growth rate (CAGR) of worldwide revenues
produced by all AM products and services over the past 25
years was an impressive 27 percent. In the past three years
(2011-2013), that growth rate averaged 32.3 percent. The
average selling price of industrial AM systems has been on
the rise for three consecutive years too. Further, there has
been consolidation within the sector with multiple large-
scale mergers, generating greater awareness in the public
domain and greater demand for publicly traded stocks of
AM system manufacturers. Most share prices and market

capitalizations rose impressively throughout 2013.

That said, the industry is still small. The size of the
additive manufacturing market in 2013, consisting of
all AM products and services worldwide, is estimated
to be a mere US$3.07 billion, according research for
Wohlers Report 2014, the 16th annual study from Wohlers
Associates. This estimate comprises revenues generated in
the primary additive manufacturing market. This segment
consists of all products and services directly associated with
AM processes worldwide. Products include AM systems,
system upgrades, materials, and aftermarket products, such
as software and lasers. Services include revenues generated
from parts produced on AM systems by service providers,
system maintenance contracts, training, seminars,
conferences, expositions, advertising, publications, contract

research, and consulting services.
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Source: Wohlers Associates, Inc.
Figure 1: Additive manufacturing products and services revenues (in
USS$ million)

The chart above displays revenues in millions of dollars
for AM products and services worldwide. The light segment
of the bars represents products, while the dark segment
represents services. Neither category includes secondary
processes, such as tooling, molded parts, or castings. The
secondary market segment is typically reported separately.
As is evident, the gross numbers are still on the smaller
side, even though the market has nearly tripled in size over

the past four years.

The industry has seen only the tip of the iceberg of what
is possible. As Wohlers notes, it is only when the AM sector
gravitates towards the manufacture of parts that go into final
products across many industries will the sector’s potential
be fully realized. This is where future opportunities in AM
will develop and where serious money is currently being

spent.

Key technical factors that are holding back the
industry’s development are hurdles related to the types
of materials — and their properties - that are available, the
length of time it takes to produce parts, the use of multiple
material and/or color and, in the consumer sphere the lack
of simplicity of computer-aided design (CAD) software.
At a broader level though, the industry still needs to bridge
the cultural gap that exists between the design shop and the
factory floor. Reconciling these engineering cultures is not

an easy proposition. General Electric’s radical bet on fuel

nozzles will be a key testing ground to confirm the degree




to which the gap between design shop and factory floor and
between AM systems for metal parts and their production

applications can be bridged.

In a radical departure from the way it has traditionally
manufactured products, General Electric’s aviation division,
the largest supplier of jet engines in the world, intends to
produce all fuel nozzles for its LEAP engine in 2015 using
metal AM technology. GE will print the nozzle with lasers
rather than cast and weld the metal together to produce it.
Because this additive process will use less material than
conventional techniques, GE’s production cost is expected
to be lower and the finished aircraft too will yield weight
and fuel savings. Conventional techniques would have
required welding about 20 small pieces together, a labor-
intensive process in which a high percentage of the material
would have ended up as scrap on the factory floor. Now
the fuel nozzle will be built from a bed of cobalt-chromium
powder into which a computer-controlled laser will shoot
pinpoint beams to melt the metal alloy in the desired areas,
creating 20-micrometer-thick cross-sectional layers one
by one. These innumerable cross-section layers will then
be fused together to obtain each fuel nozzle. Mass AM
production will follow thereafter. It is anticipated that with
19 fuel nozzles per engine, production will reach 40,000

units annually in six or seven years.

Clearly, the intention to mass produce a critical metal
alloy part that is to be used in such an internationally
visible and highly safety-conscious industry will be a
significant milestone for the technology. And if indeed
the computerized design of GE’s design engineers does
live to see its mass production days, it will also confirm a
cardinal virtue that separates additive manufacturing from
its ‘subtractive’ predecessor — that for complex geometries
or intricate designs, additive methods can produce a far
superior technical and cost-efficient result than subtractive
methods. The reasoning is simple. Because the component
is ‘grown’ layer-by-layer a few thousandths of an inch
at a time in the additive manufacturing process, each
cross-section is extremely detailed and is positioned with
precision with each of the constituent sub-parts. The interior
of a hollow or open part is constructed at the same time as
the exterior too with no additional challenge. The result

is an automated component with extremely high design

tolerances, both inside and outside, that are suitable for long

term functional use. By contrast, because of limitations in
cutting and routing technology (especially related to hollow
parts in a single piece), the amount of detail that can be
created on a single conventional machine tool is limited

too. Net production outcomes are fractionally less efficient.

So where does the industry go from here and who
are expected to be the likely winners? 3D printing is
already being used in aerospace and in dental and medical
applications, where the benefits of customized structures
are fairly easily apparent. Increasingly, 3D printers are
expected to work more frequently alongside presses,
foundries and plastic injection-molding equipment and take
on a larger share of the role done by these machines. As
AM systems manufacturers and service providers thereafter
gravitate beyond the modeling and prototype applications
market segment and increasingly offer solutions for
the production of parts that go into final products, AM
applications are expected to gain significantly wider
acceptance. Key winners will be systems manufacturers
and their suppliers, 3D service companies, and large-
scale original equipment manufacturers (OEMs) that can
integrate additive manufacturing into their processes by

way of scale economies.

At the end of the day, it will be at the intersection
of computer numerical control (CNC) machine tool
making and plastic injection molding that the greatest
industrial applications of AM will reside. Organizations
that operate in this space will be its greatest beneficiaries.
AM technologies will be highly disruptive to traditional
manufacturing; it is by no means certain that it will be
highly disruptive to traditional manufacturers. To the
contrary, traditional manufacturers who are nimble on their
feet and open to new ideas will find the embrace of AM to

be a complementary — and rewarding — proposition.
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Metal AM takes flight

Within the sector, AM systems for metal parts has
seen the most rapid growth of late. As per Wohlers
Associates, who has been tracking the market segment
for the past 19 years, “sales of metal AM systems
increased by 75.8 per cent in 2013 ... 348 of these

machines were sold in 2013, compared to 198 in 2012.”
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Source: Wohlers Associates, Inc.
Figure 2: Additive manufacturing systems for metal parts
(units sold)
Wohlers said, “In some ways, metal AM has come
further in 10 years than polymer AM has in 25 years
. and additional opportunities for production metal
applications will emerge, so this subset of the industry
could possibly grow at a pace that this industry has not

seen in the past.”
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