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EXECUTIVE SUMMARY
This research project is focused on assessing the potential implications of the US-MexicoCanada Agreement (USMCA) on energy trade between the United States and Mexico, and
subsequently on the movements at border crossings. The research is divided into two phases.
This report presents the results of the first phase. In the first phase, the project team conducted
literature review to assess the policy changes that could potentially impact the energy trade
between the two countries, collected the relevant data and developed a framework for scenario
planning. The results of this report will be used in the second phase to conduct data analysis for
exploring the consequences of each scenario for the energy trade and future of transportation at
border crossings
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CHAPTER 1. INTRODUCTION
BACKGROUND
The energy relationship between Mexico and the United States is significant for both
countries’ economies. Mexico is a major non-OPEC oil producer—ranked ninth globally—and
the third-largest source of U.S. oil imports. The United States is Mexico’s largest supplier of
gasoline and natural gas. According to the World Trade Organization (WTO), in 2019, Mexico
exported 26.483 million U.S. dollars (USD) worth of crude oils globally, which ranked fourth in
its nonagricultural exported products. Meanwhile, Mexico imported $33.391 million refined
petroleum oil products, which ranked first among its imported products (1). As a primary trade
partner of Mexico, the United States received 76.5 percent of Mexico’s exported products.
Meanwhile, Mexico also imported a vast number of products from the United States, which
accounted for 46.6 percent of its total imports. For the United States, refined petroleum oil
products ranked first in its nonagricultural exported products, with trade values of $94.217
million in 2018. Moreover, the United States imported $163.051 million worth of crude oil
globally in 2018, which ranked second among its imported products. As this report shows,
energy trade makes up a significant part of the economy in both countries.
To mutually benefit North American economies, the North American Free Trade Agreement
(NAFTA) between the United States, Canada, and Mexico went into effect on January 1, 1994
(2), which may further enhance energy integration in North America. These three countries
created the world’s largest free trade area. As of 2011, NAFTA had linked more than 461 million
people producing $17 trillion USD worth of goods and services annually. The dismantling of
trade barriers and the opening of markets led to economic growth and rising prosperity in all
three countries. Since the implementation of NAFTA, trade flows between the United States and
Mexico have grown, investment flows have increased, and the vast majority of trade and
investments among the three trading partners occur without disputes. Between 1994 and 2017,
the volume of petroleum and other produce increased by 66 percent for the United States and by
112 percent for Canada, while it declined by 28 percent for Mexico. In 2017, the United States
produced 15.6 million barrels per day (MBD) of petroleum and other liquids, Canada produced
5.0 MBD, and Mexico produced 2.3 MBD, placing the three countries first, fourth, and 11th in
the world, respectively (3).
The USMCA will undoubtedly have an impact on energy trade between the United States
and Mexico. Early prognostics are very optimistic; a recent study published by the U.S.
International Trade Commission estimates that the USMCA could increase U.S. gross domestic
product (GDP) by $68 billion (4). However, this agreement does not specify the potential
impacts on the energy sector, and there are mixed reviews as to how it will affect the energy
trade (3, 4). Some of the aspects of the USMCA that are expected to affect the energy sector are
zero-tariff trade on energy products, facilitation of hydrocarbon movements through pipelines,
and new flexibilities in rules of origin certification requirements for oil and gas moving between
the three countries (5). However, a full-scale expected impact has not been assessed.
These changes are also expected to impact the transportation and logistics at border
crossings. Although the magnitude of this impact is not yet known, a need exists to assess the
Center for International Intelligent Transportation Research
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expected impacts of the USMCA on energy trade between two countries to estimate the
predicted changes in the logistics at border crossings.
OBJECTIVE AND METHODOLOGY
The primary objective of this research project is to assess the potential implications of the
USMCA on energy trade (energy products, materials) between the United States and Mexico and
subsequently on the movements at border crossings. Figure 1 depicts a graphical timeline of the
changes in policies that have affected the cross-border movements of energy commodities
between the two countries.
1994—
NAFTA
Treaty signed

Pre-1983

1983—
PEMEX
monopoly
implemented

2020—USMCA
Treaty signed

2013—
PEMEX
monopoly
removed

Figure 1. Graphical Timeline of Policy Changes.
In this report, the research team summarizes the existing literature on the expected impacts of
USMCA on the energy sectors of the United States and Mexico and potential implications for the
energy trade sector. After assessing the existing literature, the research team found that the
USMCA also overlaps with the energy reforms in Mexico, which are expected to affect the
energy trade between the two countries, and differentiating them is not a trivial process.
Consequently, both policy changes are considered in this project.
LITERATURE REVIEW
Figure 2 depicts the methodological framework for assessing the impacts of the USMCA on
energy trade-related transportation. The research team conducted the literature review based on
this framework.
Policy Changes
• USMCA
• Reforms in Mexico
• COVID-19

Energy Trade
• Energy production in
the United States
• Energy production
and fracking in
Mexico

Transport at Border
Crossings
• Freight
• Vessel
• Pipeline
• Rail Tank

Figure 2. Framework for Assessing the Impacts of USMCA on Transportation.
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The research team first compiled a list of keywords to search the literature (English and
Spanish) relevant to the objectives of this research. Some of the keywords used include but are
not limited to the following:
• USMCA and energy trade, NAFTA and energy trade, energy corridors, border crossings,
energy transportation and logistics, energy transportation modes, energy materials trade.
• Spanish: Tratado entre México, Estados Unidos, y Canadá (USMCA); T-MEC
(USMCA); Tratado de Libre Comercio de América del Norte (TLCAN) (NAFTA);
Corredores de petróleo e hidrocarburos en México (energy corridors in Mexico);
transporte de petróleo e hidrocarburos y logística en México (energy transportation and
logistics in Mexico); modos de transporte de petróleo e hidrocarburos en México (energy
transportation modes); producción de petróleo e hidrocarburos y reglamento de comercio
en México (Mexico’s energy production and trade regulations); Reforma energetica
Mexico; Importacion de combustibles; Liberalizacion mercado energético Mexico.
The identified literature was then divided into groups to address the following research
topics:
• Policy changes: USMCA and Mexico’s post-PEMEX (Petróleos Mexicanos) monopoly
reforms.
• U.S. and Mexico energy production and expected impacts of USMCA.
• Energy trade and transport at border crossings.
The remainder of this report summarizes the findings of the literature review (Chapters 2–4)
and develops a scenario planning framework for future analysis (Chapter 5). The report ends
with Conclusions and the Phase II Research Plan.
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CHAPTER 2. POLICY CHANGES
In this chapter, the key differences between USMCA and NAFTA are reviewed. In addition,
other policy changes in the United States and Mexico that can potentially impact the trade
agreement between the two countries are reviewed.
The trade agreement changes in North America overlap with several other policy changes in
North American countries. Perhaps the biggest factor that is expected to impact the energy trade
between the countries is the energy reforms implemented in Mexico in recent years. This section
summarizes these policy changes, which are expected to impact the USMCA, and their
implications for the energy trade between the United States and Mexico.
MEXICO’S ENERGY REFORMS
When Mexico’s oil and gas sector was nationalized in 1983, Mexico’s constitution banned
foreign involvement from most activities in its oil and gas sectors. Mexico amended its
constitution and reformed its energy sector in 2013, retaining government control over its assets
while opening oil and gas resources to private-sector exploration and development (6). These
reforms provide an opportunity for increased trade with the United States. The Wall Street
Journal reported that since Mexico announced reforms and opened new access to its energy
sector, foreign investment has surged. U.S. access to heavy Mexican crudes—which a significant
portion of the U.S. sector is configured to process—is key to growing U.S. exports of refined
products (7).
The reforms aim to increase oil and gas production by eliminating state oil company
PEMEX’s monopoly on exploration and production of hydrocarbons while retaining the prime
directive that these resources are national property. Competition and new regulatory structures
are also being implemented in midstream and downstream activities to enhance the generation
and distribution of natural gas and electricity, increase service efficiency, and reduce costs (8).
Mexico’s energy reform is comprehensive and has the potential to reshape the economy to
support faster growth, better living standards, and greater energy security. In the short term, it is
a defensive reform aimed at overcoming the risk of falling hydrocarbon production and
improving the outlook for fiscal revenues. In the medium to long term, the reforms will allow the
country to tap its potential in shale and deepwater resources, as well as provide incentives to
reduce domestic energy costs and improve service delivery. Some of the impacts of this reform
are listed below:
• Crude oil production rises incrementally and reaches 3.0 MBD by 2019 and 3.5 MBD by
2025.
• Natural gas production is assumed to rise from 6.5 billion cubic feet per day to 8.0 billion
cubic feet per day by 2018 and to 10.4 billion cubic feet per day by 2025.
Many of Mexico’s energy reforms are enhancing energy market competitiveness. Most
importantly, the reforms eliminate the monopoly held by PEMEX and open up the country’s oil
and gas resources to foreign companies through a process of auctioning leases (9). Moreover,
similar to Canada, Mexico’s Energy Regulatory Commission is tasked with enforcing open
access of all oil, product, and natural gas pipelines and has established open-access principles for
Center for International Intelligent Transportation Research
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pipelines (10). The Energy Regulatory Commission is also required to issue more detailed
statistical data, including the number of permits issued, volumes of transported and stored natural
gas, used and available capacity in the facilities and pipelines of permit holders, and other
“statistics relating to the transport, storage, distribution, and retailing to the public of natural gas,
petroleum products, and petrochemicals, at a national level” (11).
The USMCA may help preserve foreign investor confidence by making the traditional
investor-state dispute settlement protections available in the event of hydrocarbon-related
disputes with the Mexican government or PEMEX. Mexico can liberalize the restrictions on
foreign investment contained in the Peña-Nieto reforms and Annex I without violating the
USMCA (12).
KEY DIFFERENCES BETWEEN USMCA AND NAFTA
The USMCA provides a predictable framework in which the United States, Mexico, and
Canada can continue expanding the energy trade, which has been marked by rapidly increasing
U.S. exports. Some of the key differences between the two agreements are discussed below (also
see Table 1) (5):
• Investor-state dispute settlement (ISDS)—One controversial provision in NAFTA and
other trade agreements is the ISDS system, which offers protection to investors, allowing
them to sue foreign governments if their investments are negatively impacted by national,
state, or local policies (13). Companies argue the system offers certainty, leading to more
investment, while critics argue it subverts national sovereignty to outside companies.
That procedure is just one way that the oil and gas industry has used NAFTA’s ISDS
process, a controversial path for addressing disputes outside the court system (14). The
USMCA greatly scales back the ISDS, phasing it out between Canada and the United
States over three years. Investment provisions in Chapter 14 and Annex 14-E of the
USMCA allow U.S. investors in Mexican oil and gas activities to be subject to the ISDS
system that is currently in place rather than switch to the new ISDS provisions affecting
most other sectors (3). However, the process is retained between Mexico and the United
States for a handful of sectors, including oil and gas, power generation, and some
transportation services, which gives the oil and gas industry an avenue to challenge any
changes Mexico makes in its market that the industry views as counter to the USMCA.
Environmentalists fear the industry also could use the process to challenge future climate
policies enacted in the United States or Mexico.
• Rules of origin (ROOs)—The most important provisions in the USMCA that affect the
energy sector update the scope of Mexico’s trade commitments to reflect the significant
reforms that Mexico has made to its energy sector, facilitate companies’ ability to meet
ROOs, and retain the investment provisions currently in effect. Chapter 4 of the USMCA
updates the ROOs for crude petroleum (HS 2709) and refined petroleum products
(HS 2710). Specifically, it adds three special provisions to make it easier for blended and
refined products to be considered originating, as long as the refining/processing activity
takes place in a USMCA country or the base product is originating. (In the latter case, the
base product must constitute at least 60 percent of the blended/refined product’s volume
for HS 2709 and 75 percent for HS 2710) (3).
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•

•

•

Origin certification requirement—The USMCA offers greater flexibility for origin
certification requirements for traded oil and gas products. The new trade deal also
streamlines the regulatory process for U.S. liquefied natural gas (LNG) exports to Mexico
and Canada, including automatic export approvals, that were locked in the USMCA (15).
Hydrocarbon transportation through pipelines—The USMCA will “allow hydrocarbons
transported through pipelines to qualify as originating, which means they will get the
benefit of USMCA’s zero tariffs provided that any diluent—regardless of origin—doesn’t
constitute more than 40 percent of the volume of the good” (15). This process should
allow more hydrocarbons to flow through pipelines across the borders in North America,
which will benefit from lower tariffs (3). Chapter 2 of the USMCA includes updated
market access exceptions for Mexico’s exports of crude petroleum, certain refined
petroleum products, natural gas, propane, and butane, allowing Mexico to maintain
export license requirements for these products, as specified under its hydrocarbon law. In
the original NAFTA text, Mexico reserved state control of activities related to the foreign
trade of these products and reserved the right to not grant import or export licenses for a
broader list of energy products.

Table 1. Comparison Between USMCA and NAFTA Provisions for Energy Products.
USMCA Provision
National treatment: Market access exception
allows Mexico to maintain export license
requirements for certain energy products
(Article 2.A.3).
Rules of origin: Allows up to 40 percent of the
volume for goods classified under HS 2709
(crude) to be non-originating; allows up to
25 percent for goods under HS 2710 (refined) to
be non-originating.
Investment: Exception to changes in ISDS
mechanism for oil and gas investments in Mexico
(Annex 14-E).

Comparison to NAFTA Provisions
New in USMCA: Much narrower than exceptions
in original NAFTA for Mexico’s activities related to
the foreign trade of energy products.
New in USMCA: The ROOs for HS 2709 and
HS 2710 are more specific and broader than in the
original NAFTA.
Same as NAFTA (after Mexico’s constitutional
reforms opened the sector to investment).
Maintains ISDS provisions that were in original
NAFTA for these investments.

Source: Office of the United States Trade Representative (5).
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CHAPTER 3. ENERGY PRODUCTION AND EXPECTED IMPACTS OF
USMCA
In this chapter, energy production in the United States and Mexico is reviewed, as well as the
expected impacts of the USMCA on the energy production of the two countries.
ENERGY PRODUCTION IN THE UNITED STATES
Different types and sources of energy are used and produced in the United States and can be
grouped into general categories such as primary and secondary, or alternatively, renewable and
nonrenewable (16). Primary energy sources include fossil fuels (petroleum, natural gas, and
coal), nuclear energy, and renewable energy sources. Electricity is a secondary energy source
that is generated (produced) from primary energy sources. This report mainly focuses on primary
and nonrenewable energy sources.
In 2019, U.S. energy production exceeded U.S. energy consumption for the first time since
1957 (17). The United States produced 101.0 quads of energy and consumed 100.2 quads. In
2019, U.S. energy production grew by 5.7 percent, and energy consumption decreased by 0.9
percent. Nonrenewable energy sources accounted for about 80 percent of total U.S. primary
energy production in 2019. Fossil fuels have always dominated U.S. energy production; the rates
have changed throughout the years. Coal production has trended down since it reached its peak
in 1998. In 2019, coal production was about 60 percent of the amount at its peak. Natural gas has
had an increasing production trend and reached a record high of 6.3 quads British thermal units
(Btu) in 2019. U.S. dry natural gas production has exceeded U.S. natural gas consumption since
2017, reflecting an outcome of successful and more efficient drilling and production techniques
across the nation. Figure 3 demonstrates the primary energy production in the United States since
1950. As observed, crude oil production remained steady between 1970 to 2005, but then the
trend went upward, and in 2019, U.S. crude oil production reached 25.4 quads Btu, which was
the highest in history. This outcome is also considered to be the result of effective drilling and
production technologies. In the United States, commercial nuclear plants started producing
nuclear energy after 1957. It reached its highest production rate on record, 8.46 quads Btu, in
2019 due to upgrades that increased the capacity of the power plants.

Center for International Intelligent Transportation Research
Texas A&M Transportation Institute

Page 8

Source: Energy Information Administration (16).

Figure 3. U.S. Primary Energy Production (1950 to 2019).

QUADRILLION Btu

Similar to nonrenewable energy production, renewable energy production reached a record high
of about 11.6 quads Btu in 2019. This increase is mainly linked to large production from solar
and wind energy. On the other hand, another source of renewable energy, hydroelectric power
production, was about 12 percent lower than its 50-year average in 2019 because of low
precipitation. The U.S. Energy Information Administration (EIA) provides an annual energy
outlook of long-term energy production for the country. The modeled projections of the energy
market through 2050 (Figure 4) show that U.S. energy production and consumption will both
have increasing trends with a different slope, which will enhance the gap in the future.
130
110
90
70
50
2020

2025

2030
Production

2035

2040

2045

2050

Consumption

Source: EIA (16)

Figure 4. U.S. Energy Consumption and Production Predictions.
EIA publishes U.S. crude oil and natural gas proved reserves and ranks the 100 largest U.S.
oil and gas fields. The latest available ranking was done in 2015. Locations of the top 100 oil and
gas fields are shown in the following maps. Many fields appear on both maps since they have
significant volumes of both hydrocarbons.
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As demonstrated in Figure 5 and Figure 6, Texas produces a large portion of oil and gas
within the United States. Oil was first detected in Texas in July of 1543 when a Spanish explorer
saw oil floating on the water in Galveston Bay near Port Arthur, Texas (18). In 1902, the
Spindletop oilfield brought in over 17 million barrels of oil, dwarfing the 839,000 barrels the
Corsicana field had produced by 1900. Within one year, more than 500 Texas oil companies
were operating at Spindletop, some of which were Texaco, Gulf Oil Corporation, Exxon, and
Magnolia. In the 20th century, the Texas oil industry spread to the northern, eastern, and western
parts of the state. Today, the Permian Basin dominates crude oil production. Texas is the leading
crude oil producer in the nation. According to the Texas Oil and Gas Association (19), in fiscal
year 2019, the Texas oil and natural gas industry paid more than $16 billion in state and local
taxes and state royalties.

Source: EIA (16)

Figure 5. Top 100 U.S. Oil Fields by Reserves.
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Source: EIA (16)

Figure 6. Top 100 U.S. Natural Gas Fields by Reserves.
EIA also provides historical data for energy production at the state level. To demonstrate the
importance of Texas, the annual crude oil production numbers in thousands of barrels were
reviewed. According to EIA (20), in 2019, U.S. field production of crude oil was
4,464,808 thousand barrels. Texas by itself produced 1,850,284 thousand barrels, which
represents 41 percent of the entire amount. According to EIA natural gas data (21), Texas
accounted for 25.11 percent of U.S. gross natural gas withdrawal in 2019.
Texas’ contribution to U.S. energy production is undeniable. Because of recent increases in
production in Texas, U.S. production reached and surpassed overall energy consumption. Texas
is both the largest energy-producing and energy-consuming state in the nation. More than half of
the energy is consumed by the industrial sector, including refineries and petrochemical power
plants.
ENERGY PRODUCTION IN MEXICO
Mexico is one of the largest producers of petroleum and other fossil liquids in the world.
After the United States, Canada, and Brazil, Mexico is the fourth largest producer in the
Americas and is also an important partner in U.S. energy trade. Mexico is a net importer of
natural gas. Most of it is imported from the United States via pipeline. Mexico’s natural gas
demand is growing because of expanding power generation capacity.
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Mexico has one nuclear power plant, Laguna Verde in Veracruz, and has plans to build more.
Mexico has renewable energy installed predominantly in hydroelectric, wind, and geothermal
capacity. Mexico continues to invest in the renewable energy sector.
Mexico’s total energy consumption consists mostly of petroleum, closely followed by natural
gas. Natural gas is overtaking oil in electric power generation. All other fuel types contribute
relatively small amounts to Mexico’s overall energy consumption, even though the country has
set goals for increased renewable energy generation capacity (22).
Petroleum
Mexico’s oil production has steadily decreased since 2005 as a result of shrinking oil
deposits from Cantarell and other large offshore fields. In August 2014, in an effort to reverse the
decline of its domestic oil production, the Mexican government enacted constitutional reforms
that ended the 75-year monopoly of PEMEX, the state-owned oil company (16).

Petroleum (MBD)

Mexico produced an average of 2.0 MBD of petroleum and other fluids in 2019 (see Figure
7). Crude oil accounted for 1.7 MBD, 85 percent of the total output. The remainder was lease
condensate, natural gas liquids, and refinery processing gain. Mexico’s total oil production has
declined significantly, falling 48 percent from its peak in 2004 (22).
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0
2012

2013

2014

2015

2016

2017

2018

2019

Year
Petroleum and Other Fluids (MBD)

Crude Oil (MBD)

Source: PEMEX (22)

Figure 7. Mexico’s Total Petroleum and Other Fluids and Crude Oil Production.
Notably, crude oil production continues to decline, but it seems to have leveled off between
2018 and 2019. Mexico, as the third-largest exporter in the Americas, is a significant crude oil
exporter. Conversely, the country is a net importer of refined petroleum products. The United
States is the destination for most of Mexico’s crude oil exports and, at the same time, the source
for most of its refined product imports.
Most of Mexico’s oil production occurs off the eastern coast of the Bay of Campeche in the
Gulf of Mexico, adjacent to the states of Veracruz, Tabasco, and Campeche (see Figure 8[a]).
The two main production fields in the area are Cantarell and Ku-Maloob-Zaap (KMZ). In 2017,
approximately 1.6 MBD, or 81 percent of Mexico’s crude oil, were produced offshore in the Bay
of Campeche. Because of the concentration of Mexico’s oil production in this location, tropical
storms or hurricanes passing through the area can disrupt oil operations. Slightly over 53 percent
Center for International Intelligent Transportation Research
Texas A&M Transportation Institute

Page 12

of Mexico’s oil production comes from KMZ and Cantarell, located in the northeastern region of
the Bay of Campeche (Figure 8[b]). Another important source of oil production is located to the
southwest, offshore from Tabasco. Most of the oil produced at KMZ and Cantarell is heavy,
while the oil produced offshore near Tabasco is a lighter grade.

a) Oil and Gas Fields
Source: EIA (16)

b) Production by Field
Source: PEMEX (22)

Figure 8. Mexico’s Oil and Gas Fields.
Cantarell was once one of the world’s largest oil fields in the world, but its output has been
declining considerably for a decade (16). Cantarell produced an average of 177,000 barrels per
day (b/d) of crude oil in 2017. This level was about 92 percent below the peak production level
in 2004 of 2.1 MBD and 18 percent lower than in 2016. The KMZ field adjacent to Cantarell has
emerged as Mexico’s most fruitful oil field. Crude oil production increased nearly 300 percent
between 2004 and 2017, when it reached 858,000 b/d.
Mexico’s other offshore oil production center is in the southwest within the Bay of
Campeche, adjacent to Tabasco. In that bay, both the Abkatun-Pol-Chuc and Litoral de Tabasco
projects consist of several small fields. These projects accounted for a combined average of
549,200 b/d of oil production in 2017. Production from Litoral de Tabasco has increased from
less than 200,000 b/d in 2008 to 346,000 b/d in 2017. However, production from Abkatun-PolChuc has declined substantially from peak levels achieved in the mid-1990s, when it exceeded
700,000 b/d. In 2017, production from Abkatun-Pol-Chuc was down to 203,300 b/d.
Onshore fields account for almost 19 percent of Mexico’s total crude oil production and
produce mostly light or extra-light crude oil in the southern part of the country. The largest
oilfield in the south is Samaria-Luna, which produced about 100,000 b/d in 2017.
The most consistent onshore prospect in the north is the Aceite Terciario del Golfo (ATG)
project, better known as Chicontepec. It is located northeast of Mexico City. Initially,
Chicontepec was expected to produce nearly 1 MBD. However, the production averaged only
34,000 b/d in 2017, a decline from its peak of 69,000 b/d in 2012.
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Even though fracking for oil extraction is controversial in Mexico, the technology is
currently being used. The Mexican nonprofit organization CartoCritica (which promotes
transparency and public access to georeferenced environmental data) made public in early 2019
the number of oil wells in which fracking technology is used. It further explained that 24 percent
of all oil wells in the country have been fracked—7,879 out of 32,464 wells. Fracking is being
done in seven Mexican states: Coahuila, Nuevo Leon, Tamaulipas, Puebla, Veracruz, Tabasco,
and Chiapas (see Figure 9) (23).

(Pozo = Well, Fracturas = Fracked Well).
Source: Forbes (23)

Figure 9. Mexican States Where Fracking Is Occurring.
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According to available data from the Comision Nacional de Hidrocarburos (CNH) (National
Hydrocarbon Commission), fracking technology began being used in Mexico in 1996 at the
Jacinto-5 well in Tabasco (24). Although the current Mexican administration is against fracking,
it is doubtful that the practice of fracking will stop in Mexico. It is also difficult to approximate
how much fracking may increase for the same reason.
According to the Bureau of Transportation Statistics (BTS), mineral fuels, which include
crude oil, are transported by pipeline, rail, truck, and vessel (marine transportation) from Mexico
to Texas (25). Table 2 shows that of all the modes, mineral fuels were mainly transported by
vessel in 2019, at 97 percent by weight. As more oil wells are developed in northern Mexico (in
particular the states of Coahuila, Tamaulipas, and Nuevo Leon) and pipelines are extended in
Mexico, this mode distribution may change in the mid- to long term. Texas already has an
extensive pipeline network to support the Eagle Ford Shale Basin.
Table 2. Weight of Mineral Fuels Transported by Mode to Texas from Mexico in 2019.
Transportation Mode

Weight of Mineral Fuels Transported
(million kilograms)

Percentage by Mode

Pipeline

254.9

1.09

Rail

436.8

1.86

14.6

0.06

22,766.9

96.99

Truck
Vessel
Source: BTS (25).

Natural Gas
Mexico has considerable natural gas resources, but its production is a great deal lower than
other North American countries. The evolution of Mexico’s shale gas resources is taking place
slowly, although consumption is projected to increase 31 percent from 2015 to 2029. Mexico’s
import needs are rising as domestic production stays the same and as demand increases,
particularly in the electricity sector. Currently, Mexico relies on increased pipeline imports of
natural gas from the United States and LNG imports from other countries (16).
Mexico produced an estimated 0.8 trillion cubic feet (TCF) of dry natural gas in 2019 (see
Figure 10). Natural gas production has declined since 2014, when it reached a high of 1.3 TCF.
This decline is in part due to the higher price of crude oil relative to the price of natural gas,
which encouraged PEMEX to favor the expansion of oil operations (22).
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Figure 10. Mexico’s Dry Natural Gas Production.
The geographic distribution of Mexico’s natural gas production is somewhat different and
more dispersed than it is for oil. According to statistics from PEMEX, nearly 75 percent of
Mexico’s natural gas production is from oil fields. Unlike in the oil sector production, the
onshore field of Samaria-Luna and the offshore fields of Tabasco yield more natural gas than
Cantarell or KMZ. More than two-thirds of the country’s remaining non-oil field natural gas
production occurs in the Burgos Basin in the northern part of the country. The last portion of
production comes from non-oil fields in Veracruz.
Mexico has taken initial steps to explore for and produce shale gas, but the country is
considerably behind the United States in terms of development of its shale gas and oil potential.
Mexico (PEMEX) produced its first shale gas in early 2011 from an exploratory well located in
northern Mexico. PEMEX publicized in early 2014 that it planned to drill 10 shale test wells,
bringing Mexico’s total to 175, which is a small figure compared to the more than 27,000 wells
drilled in Texas in 2014 alone.
Nuclear
Mexico has one nuclear power plant in Veracruz. The Laguna Verde power plant, which
includes two Comision Federal de Electricidad (CFE) (Federal Electricity Commission)-operated
boiling water reactors with a combined generating capacity of 1,510 megawatts (MW),
accounted for only 4 percent of Mexico’s total electricity generation in 2015. Plans exist to
expand Mexico’s nuclear generation capacity by building four additional plants. Two plants
would be built within the Laguna Verde network and the other two on the Pacific coast. Each
installed plant will provide 1,400 MW at a cost of $7 billion. A feasibility study is currently
being developed that will examine environmental concerns, plant location, construction
schedule, and other recommendations. Completion of the feasibility study is expected in
August 2020 (26, 27).
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Renewables
From 2014 to 2016, Mexico’s total renewable energy-installed capacity increased from
15,820 to 17,811 MW, predominantly in hydroelectric, wind, and geothermal capacity (28).
The largest source of renewable power generation is hydroelectric power (Figure 11).
Mexico had 12,489 MW of hydroelectric capacity in 2015. The Manuel Moreno Torres
hydroelectric plant, at 2,400 MW, is the largest in the country. It is located at the Chicoasén Dam
in Chiapas. In 2015, 3,000 MW of hydroelectric projects were under development, which
demonstrates the continuing importance of hydroelectricity as a renewable power in Mexico. In
2017, other renewable energy sources, such as wind, geothermal, and solar photovoltaic,
represented only 16.1 percent of Mexico’s electricity generation. Moreover, renewable power
sources, except for hydroelectric power, have remained fairly constant in terms of percentage of
total electricity generation in Mexico since 2012 (Figure 12) (16).

Source: EIA (16)

Figure 11. Mexican Renewable and Nuclear Energy Generation, 2017.
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Figure 12. Percentage of Total Energy Generation by Renewable Technology.

Based on the information provided by Secretaria de Energia (SENER) (Mexico’s Energy
Secretariat), EIA indicates that Mexico has 926 MW of geothermal capacity, which ranks the
country fifth worldwide in terms of global geothermal capacity (16). The largest of these
geothermal plants is the 720 MW Cerro Prieto Geothermal Field in Baja California.
Solar power has received significant attention in northern Mexico, where it has a great deal
of potential. The first large-scale solar power project, Aura Solar I, was built in northern Mexico
and began operations in 2013 with a capacity of 39 MW. More proposals are being considered as
the cost to generate power using solar grows more competitive with natural gas.
Several wind projects are being developed in Baja California and in southern Mexico. These
projects will boost Mexico’s wind generation capacity from 3 GW in 2015 to 15 GW by 2022.
Approximately 90 percent of the current wind generation capacity is in the state of Oaxaca,
where the Isthmus of Tehuantepec plant is located. This area has very favorable wind resources
and has been a focus of government efforts to increase wind capacity. At this rate of
development, Mexico is positioning itself to become one of the world’s fastest-growing wind
energy producers.
EXPECTED IMPACTS OF USMCA ON ENERGY PRODUCTION IN THE UNITED
STATES
As explained in previous sections, the United States is expected to grow its energy
production while trying to keep the increase in the consumption comparatively at a lower level.
This development will increase the need for exporting much energy. The USMCA is expected to
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expand current trade between the United States and Mexico and consequently keep the
production-consumption balance at its most effective state for both countries.
As stipulated in the USMCA, natural gas, which is the largest source of energy production in
the United States, will be presumed to have originated in a country even if a portion was
imported as LNG and fed into that country’s pipelines at a regasification facility. This
arrangement will allow the product to be considered under free trade treatment.
With the USMCA, Mexico will be kept as a free trade partner, and thus natural gas can
continue to be exported without extensive new permitting. Mexican electricity-generating gasfired power plants will be important customers for cheaply produced Texas natural gas. Natural
gas piped to Mexico grew by 5 percent in the first half of 2019, which shows the potential for
increased demand in the short and middle term (29). Pipelines from Texas to central Mexico
have helped Mexico to produce more electricity even as its oil production has declined in recent
years.
USMCA is updating NAFTA by adding a new agreement that allows more energy-related
product movement by pipelines across the international borders. The Texas Oil and Gas
Association president believes that more pipelines can be installed based on a decrease in steel
prices (14). Therefore, producers can sell more and save more by installing cheaper pipelines.
One of the main beneficiaries will be the midstream players who are responsible for the
processing, storing, transporting, and marketing of all energy products.
Since 2013, multinational oil companies have invested more than $200 billion in Mexico
(30). The new agreement will keep oil and gas sector investors feeling secure by providing
longstanding protections from potential government-shifted policies that may hurt their business.
On the other hand, if Mexico manages to maintain a favorable environment for foreign
investment in an effective way, some regions of Mexico can expect an economic boost similar to
that shown by the Permian and Eagle Ford Basins in the United States.
EXPECTED IMPACTS OF USMCA ON ENERGY PRODUCTION IN MEXICO
Based on data from the Mexican Instituto Nacional de Estadística y Geografía (INEGI)
(National Institute of Statistics and Geography), several industries will benefit greatly from the
USMCA. The top three industries are automotive (600 percent increase in exports since 1994),
manufacturers of electrical and electronic equipment and apparatus, and food (32).
Researcher John Saxe-Fernandez, from the Universidad Nacional Autónoma de México
(UNAM) Center of Interdisciplinary and Humanities Studies, warned that the USMCA imposes
more risks on the Mexican energy sector than NAFTA did because of serious concessions
required by Mexico and because of how the agreement allows for disputes between Mexico and
foreign investors to be settled. Particularly, the ISDS provision allows foreign investors to sue
the Mexican government for potential profit loss or if they believe a new government policy
treats them unfairly (31).
Further, frustration exists within the current Mexican administration since the previous one
was the one that negotiated the agreement. One area of contention is the push by foreign oil and
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gas companies to accelerate the use of fracking in Mexico despite President Andres Manuel
Lopez Obrador’s objections to it, voiced even while he was a presidential candidate. With the
previous treaty, PEMEX offered protection against potential risks, but now the USMCA
guarantees fracking trade secrecy and safeguards the chemical formulas in case of litigation. This
stipulation also means that it will be impossible for current or future Mexican administrations to
make any changes to private energy reform. On the other hand, the United States and Canada
agreed to foreign investor–government arbitration that will be limited to national or local courts.
Various leading Mexican experts agree that there are no major changes that benefit Mexico
in the sectors of oil, telecommunications, and agriculture (32). Other economists argue that
opening various Mexican business sectors to private investors is a good thing for the country.
They also note that Mexico continues to have ownership over its resources. Nothing else like this
energy reform has opened a Mexican sector to foreign investors. USMCA ensures the current
administration or future administration cannot change this energy reform while the agreement is
in effect. Even though many experts agree that no major benefit accrues directly to the energy
sector from the USMCA, it benefits indirectly by ensuring accessibility to foreign investment
and the possibility of growth (31).
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CHAPTER 4. ENERGY TRADE AND TRANSPORTATION AT BORDER
CROSSINGS
In this chapter, existing trends related to the surface trade between the United States and
Mexico at border crossings are reviewed. In addition, the expected impacts of the USMCA on
the transportation of goods between the two countries are reviewed.
EXISTING TRENDS AT BORDER CROSSINGS
After four years of gradual recovery from the recession of 2008–2009, surface trade between
the United States and Mexico gained some temporary new momentum in 2014, but the positive
change did not last (33). Figure 13 shows that growth in total trade continued to slow and
completely leveled off by the end of 2016. Although imports from Mexico still increased by
about 1 percent from 2015 to 2016, it was negated by the approximately 2 percent decrease in
exports during the same period. No significant change occurred in the proportion of exports and
imports in total trade in 2016. In 2016, 42 percent of the total surface trade with Mexico was
exports, and 58 percent was imports—almost the same as the average distribution of 43 percent
exports and 57 percent imports over the entire period from 2004 to 2016.

Source: Pesti and Aldrete (33)

Figure 13. Surface Trade between Mexico and the United States after 1995.
Figure 14 shows the yearly values of imported and exported goods transported by trucks and
rail through land ports of entry across the U.S.-Mexico border. Although the value of goods
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transported by trucks slightly decreased in 2016, the average contribution of trucks, rail, and
other modes of surface transportation has not changed significantly. Trucks remain the most
important mode, contributing 82 percent to imports and 81 percent to exports. Rail is also
significant, contributing 17 percent to the value of imports and 15 percent to the value of exports.

Source: Pesti and Aldrete (33)

Figure 14. Imported and Exported Goods by Different Modes of Surface Transportation.
Five important border-crossing locations in the United States handle approximately
80 percent of the U.S. and Mexico cross-border trade: Laredo, Hidalgo, and El Paso in Texas;
Otay Mesa Station in California; and Nogales in Arizona. Salgado et al. forecasted the crossborder trade (including imports, exports, and total trade) for six commodity groups at these five
ports using a seasonal autoregressive integrated moving average model (34). These commodity
groups are defined as follows:
• Commodity Group 1: Food, beverages, agricultural commodities (HS codes: 1–24).
• Commodity Group 2: Minerals, chemicals, plastic, fossil fuels (HS codes: 25–40).
• Commodity Group 3: Wood, fabrics, paper products, books (HS codes: 41–71).
• Commodity Group 4: Metals, metallic materials (HS codes: 72–81).
• Commodity Group 5: Manufactured goods (HS codes: 82–96).
• Commodity Group 6: Other goods (HS codes: 97–99).
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Their modeled results illustrate the following:
• Imports: The imports of Commodity Groups 1, 2, and 5 are expected to increase from
2017 to 2020. Imports of Commodity Groups 3, 4, and 6 are expected to remain relatively
steady during this period for these five ports combined.
• Exports: The exports of all commodity groups except Commodity Group 6 are expected
to increase from 2017 to 2020.
• Total Trade (Imports + Exports): The total trade of Commodity Groups 1, 2, 4, and 5 is
expected to increase from 2017 to 2020. Total trade of Commodity Groups 3 and 6 is
expected to generally remain stable during this period.
EXPECTED IMPACTS OF USMCA ON ENERGY TRADE
Trade in manufactured goods and natural resource and energy (MNRE) products was largely
liberalized under NAFTA. In 2017, 85 percent of U.S. imports for consumption from Canada and
Mexico were imported duty-free. North American trade in energy products (primarily crude
petroleum and petroleum products) and in electronics is particularly important. U.S. energy
imports from Canada in 2017 totaled $73.7 billion (representing 42 percent of U.S. MNRE
imports from Canada), while imports from Mexico totaled $11.4 billion (7 percent of U.S.
MNRE imports from Mexico) (Table 3). In the same year, U.S. energy exports to Canada totaled
$20.3 billion (12 percent of U.S. MNRE exports to Canada), while exports to Mexico totaled
$27.0 billion (17 percent of U.S. MNRE exports to Mexico). The total value of U.S. energy
product trade with Canada and Mexico in 2017 came to $132.5 billion (3).
Table 3. Energy Product Imports and Exports to Canada, Mexico, and the Rest of the
World, 2017 (million USD).
Sector

U.S. Imports

U.S. Exports

Canada

Mexico

Rest of World

Canada

Mexico

Rest of World

Crude petroleum

50,125

10,052

72,759

6,664

0

15,930

All other energy

23,564

1,355

38,978

13,675

27,018

81,032

Total energy

73,689

11,407

111,737

20,339

27,018

96,962

Because of the very low most-favored-nation (MFN) tariffs among the USMCA countries
and recent reforms in Mexico’s energy sector, the proposed changes to energy-related provisions
in USMCA are likely to have very little impact on U.S. trade and production. Since Canada and
Mexico each already give MFN duty-free treatment to imports of crude petroleum and most
petroleum products, few U.S. exports qualify for a lower tariff rate by demonstrating origin. The
updates to the ROOs for crude petroleum will predominantly affect U.S. imports. In particular,
heavy crudes such as those produced from the Canadian oil sands (which are often blended with
diluent before export) will face a much lower burden to prove origin. Until a few years ago, more
than half of U.S. imports of heavy crude petroleum from Canada met ROO requirements. Since
2014, this amount has declined significantly; only 12 percent of these imports met the
requirements in 2017. Even so, U.S. imports of heavy crudes that do not provide proof of origin
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face a very low tariff: 5.25 cents per barrel (often corresponding to less than a 0.1 percent ad
valorem equivalent rate). Lighter crudes face a marginally higher tariff of 10.5 cents per barrel.
Mexico’s declining production has severely affected its ability to export crude to the United
States. Mexico’s constitutional reforms opened its energy sector to private investment several
years ago, but the resulting influx of new investment is not expected to reverse production
declines in the near term. Between 2013 and 2017, as prices fell and U.S. output rose, the value
of U.S. energy-related product imports declined from Canada by 33 percent and from Mexico by
68 percent. In the same period, the value of U.S. exports to Canada declined 24 percent, while
the value of exports to Mexico increased 13 percent. Table 4 shows the estimated reduction in
trade in costs of energy products due to the USMCA data transfer provisions.
Table 4. Estimated Reduction in Trade Costs Stemming from the International Data
Transfer Provisions in USMCA (percentage points).
Impact of Provisions Reducing Policy Uncertainty
Coal
Oil
Gas
Other mining
Petroleum and coke

None
0.00
0.00
0.00
0.00
0.00

Moderate
0.56
0.56
0.56
0.56
0.94

High
1.69
1.69
1.69
1.69
2.82

EXPECTED IMPACTS OF USMCA ON TRANSPORTATION
In general, five transportation modes are widely utilized for transporting energy products
across the borders: truck, rail, vessel, pipeline, and air (35).
Trucking Services
Trucks are the most heavily utilized transport mode between the United States and Mexico.
As reported by BTS (36), from May 2015 to May 2016, trucks carried 71.2 percent of the value
of freight to and from Mexico. Rail carried 15 percent, followed by vessel (7.6 percent), air
(2.8 percent), and pipeline (0.7 percent). The surface transportation modes of truck, rail, and
pipeline carried 86.9 percent of the value of total U.S.-Mexico freight flows.
Under the USMCA, the United States maintains potentially important nonconforming
measures on the supply of trucking services by Mexican firms within the United States.
Specifically, Annex I will enable the United States to restrict domestic long-haul services by
Mexican trucks in the event of “material harm” to U.S. trucking suppliers, operators, and drivers.
Currently, only 35 Mexico-based trucking companies are permitted to provide long-haul service
within the United States. Some industry representatives question the usefulness of including a
provision to increase limits on the relatively small number of Mexican trucking firms in the
United States. They indicate that doing so may discourage further negotiations to open U.S.
cross-border service trade with Mexico. In addition, some industry representatives indicate that
NAFTA trade generated significant revenue and employment for the U.S. trucking industry.
These benefits will be enhanced by achieving greater border efficiencies through cooperation
among USMCA partners.
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Natural Gas Pipeline
Transportation of natural gas among the United States, Canada, and Mexico is almost
entirely by pipeline. Over 50 natural gas pipelines link the United States and its neighbors at
24 border crossings to Canada and 16 border crossings to Mexico (see Figure 15) (37). U.S.
natural gas pipeline exports to Mexico have been increasing following expansions of crossborder pipeline capacity. These exports averaged 4.2 billion cubic feet per day (Bcf/d) in 2017
and 4.4 Bcf/d through the first five months of 2018. Based on data compiled by Genscape,
natural gas exports to Mexico by pipeline exceeded 5 Bcf/d for the first time in July 2018 after
the commissioning of several key pipelines in Mexico. An additional four of six major
pipelines identified as strategic in Mexico’s five-year natural gas infrastructure expansion plan
were scheduled to begin commercial operations by the end of 2018.

Source: EIA (38)

Figure 15. U.S. Natural Gas Exports to Mexico by Pipeline.
Currently, about three-quarters of U.S. natural gas pipeline exports to Mexico flow from
southern Texas. Exports from southern Texas averaged 3.2 Bcf/d in 2017 and 3.3 Bcf/d through
the first five months of 2018. This natural gas is sourced primarily from the Eagle Ford Basin in
Texas and transported on an existing pipeline network to serve industrial and power sector
customers in northeastern Mexico (38).
Meanwhile, Mexico is preparing more gas-fired power plants. SENER, Mexico’s Ministry of
Energy, noted in 2018 that the country expects to add an estimated 29,294 MW of combinedcycle gas-fired power generation capacity over the next 15 years (2018–2032). This plan shows a
huge demand for pipeline transportation. Government officials said they expect about 63 percent
of the natural gas from the pipeline projects will be used by government-owned power plants,
with the rest going to industrial facilities (39). Meanwhile, new cross-border pipelines have been
constructed and will be placed in service soon, which allows Mexico to access natural gas from
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the Eagle Ford Shale and Permian Basin of Texas. This development may promote industrial
activity, social and economic development, and job creation in Mexico (40).
However, other uncertainties have surfaced. New power and gas pipeline projects might not
be adequately protected under the new USMCA, which is potentially problematic for gas and
power projects that have signed contracts with state-owned entities such as CFE and PEMEX.
Service contracts such as power purchase agreements and pipeline transportation contracts with
these government entities may not be eligible for ISDSs.
Vessels for Crude Oil and Its Refined Products
Crude oil moves between Canada, the United States, and Mexico through a combination of
pipeline, rail, and vessel. As Figure 16 illustrates, although pipelines dominate crude oil
movements between Canada and the United States, marine vessels are the primary means of oil
imports from Mexico. No crude oil pipeline capacity currently exists or is proposed between the
United States and Mexico. Vessels are a principal mode of crude oil exports from Mexico and
the United States and are a supplementary mode for Canadian exports. Much of this activity on
the U.S. side occurs at Texas ports—namely Houston, Corpus Christi, and Port Arthur (including
Beaumont). U.S. shale oil production in the Eagle Ford Basin has significantly increased
outbound tanker shipments at Corpus Christi and, to a lesser extent, Houston. These Texas
harbors have shipping-channel expansion projects by means of dredging underway that are
administered by the Army Corps of Engineers. However, these expansions are primarily geared
toward overseas trading ships rather than specific to North American vessel trade.

Source: BTS (36)

Figure 16. North American Crude Oil Trade by Mode.
Vessels are also the primary mode of refined product movements between the United States,
Mexico, and Canada. As Figure 17 shows, over 75 percent of overall refined product trade
among the three countries uses this mode. Pipelines are a significant secondary mode for U.S.
refined product exports, accounting for approximately 20 percent of volume to Canada. Pipelines
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appear to be an evolving mode for U.S. refined product exports to Mexico. At present, three
pipelines carry approximately 0.11 MBD ship refined products from Texas to markets in
Mexico. The proposed Borrego Pipeline, whose owners applied for a Presidential Permit in 2016,
would add 0.15 MBD of capacity—more than doubling the existing refined product export
capacity (37).

Source: BTS (36)

Figure 17. North American Refined Product Trade by Mode.
Rail Tank Car to Transport LNG
Natural gas liquids (NGLs) have taken on new prominence in the United States’ energy trade
as shale gas production has increased and natural gas prices have fallen. Traditionally, the
pipeline is the primary mode for transporting NGLs between the United States and Mexico. Five
existing pipelines between Mexico and the United States (all in Texas) currently ship, or are
capable of shipping, NGLs between the two countries. Collectively, these pipelines have a
capacity of between 150,000 and 175,000 b/d, depending upon the commodity—although some
are also used to ship other liquid products. Reliable utilization data are not publicly available for
these lines (40). The proposed New Burgos Pipeline, whose owners have applied to the State
Department for a Presidential Permit, will add another 108,000 b/d of LNG export capacity to
Mexico.
Between 2010 and 2018, the number of LNG facilities in the United States increased by
28.7 percent, and total storage and vaporization capacities increased by 21 and 23 percent,
respectively. Over the same period, total liquefaction capacity increased by 939 percent due to
new LNG export terminals. These data suggest a demand for greater flexibility in the modes of
transportation available to transport LNG.
LNG’s role as an energy resource continues to expand with ongoing innovation and
economic development. Historically, the United States transported LNG by truck tankers and
exported LNG via vessels only. As a result, no need existed for a regulation that authorized
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transportation via rail tank car. Because of growing supply and demand, rail transportation is
being considered as a viable alternative to the transportation of LNG via highways. PHMSA has
identified this as an area where opportunities exist to allow industry innovation and to support
infrastructure development while maintaining a high level of safety. The hazards of transporting
LNG are no different from those of flammable cryogenic liquids already authorized for bulk rail
transport in accordance with the HMR. The HMR provides the framework for the safe
transportation of hazardous materials in commerce, and regardless of the future capacity for
LNG rail transport, the material itself will be transported based on the safe specifications for tank
cars outlined below. Nonetheless, in this NPRM, PHMSA and FRA must consider requirements
for both the packaging (i.e., the rail tank car) and the operational controls for a train comprised of
tank cars loaded with LNG (41). The policy change could expand existing gas markets and open
up new ones. The railroad association has identified some shippers who are interested in
transporting LNG by rail on routes between the United States and Mexico.
The NPRM also raises many concerns about safety issues, which might pose an
unprecedented new level of risk for American cities. LNG is especially hazardous because of its
ability to easily warm to a vigorous boil, forming a flammable gas cloud that can erupt into an
explosive fire that may cause a severe safety issue (42).
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CHAPTER 5. DEVELOPING FUTURE SCENARIOS FOR ENERGY
TRANSPORTATION AT BORDER CROSSINGS
This chapter discusses a proposed framework the research team developed to evaluate future
scenarios regarding energy transportation at border crossings. To create the scenarios, the
research team first collected the relevant data and identified the list of readily-available variables
used for developing the scenarios.
DATA COLLECTION AND EXPLORATION
The research team identified the list of variables and relevant data sources for future scenario
development purposes. Per the objectives of this study and based on the results of the literature
review, the research team collected data on production of crude oil, natural gas, and refined
products in the United States and Mexico, as well as on the import and export of energy products
between the two countries per mode of transport. Table 5 depicts the list of data elements and
sources that were considered for scenario planning. The data were collected from EIA, PEMEX,
BTS, and the Federal Reserve Bank of Dallas (Dallas FED).
Figure 18 and Figure 19 depict the time-series values of energy products produced in the
United States and Mexico. These products include crude oil, natural gas, petroleum, and other
fluids. As observed in past years, U.S. production has been increasing, while production in
Mexico has been declining.
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Table 5. List of Variables and Available Data Sources
Variable
Category

Variable Name

Data Source

Temporal
Coverage

Spatial
Coverage

U.S. Energy
Production

Crude Oil
Natural Gas
Natural Gas Plant Liquids
Gasoline Production

EIA
EIA
EIA
EIA

Monthly
Monthly
Monthly
Monthly

Kerosene (Jet Fuel)
Production
Distilled Fuel Oil Production

EIA

Monthly

EIA

Monthly

Residual Fuel Oil Production

EIA

Monthly

Propane and Propylene
Production
Number of Rigs
Number of Operating
Refineries
U.S. Foreign Crude Oil
Refinery Receipts
Petroleum and Other Fluids
Crude Oil
Dry Natural Gas
Number of Fracking Wells by
Region
Bridge and Border Crossing
U.S.-Mexico Trade

EIA

Monthly

EIA
EIA

Annual
Annual

U.S.
U.S.
U.S.
Gulf Coast
(PADD 3)
Gulf Coast
(PADD 3)
Gulf Coast
(PADD 3)
Gulf Coast
(PADD 3)
Gulf Coast
(PADD 3)
Texas
Texas

EIA

Monthly

U.S.

PEMEX
PEMEX
PEMEX
PEMEX

Annual
Annual
Annual
Annual

Mexico
Mexico
Mexico
Mexico

TxDOT
Texas Center for Border
Economic and Enterprise
Development
BTS
EIA, Imports and Exports

Monthly
Monthly

Port of Entry
Port of Entry

Monthly
Monthly

EIA, Imports and Exports

Monthly

EIA, Imports and Exports

Monthly

EIA, Imports and Exports

Monthly

EIA, Imports and Exports

Monthly

Port of Entry
U.S. and
Mexico
U.S. and
Mexico
U.S. and
Mexico
U.S. and
Mexico
U.S. and
Mexico

EIA, Imports and Exports

Monthly

U.S. and
Mexico

Dallas FED
Dallas FED
Dallas FED
Dallas FED
Dallas FED
Dallas FED

Annual
Annual
Monthly
Monthly
Monthly
Monthly

U.S.
U.S.
Texas
Texas
Texas
Texas

Mexico Energy
Production

Border
Crossing

Energy Trade
between U.S.
and Mexico

Economic
Indicators

Border Crossing/Entry Data
U.S. Natural Gas Pipeline
Imports from Mexico
U.S. Natural Gas Pipeline
Exports to Mexico
Liquefied U.S. Natural Gas
Exports by Vessel to Mexico
Liquefied U.S. Natural Gas
Exports by Truck to Mexico
U.S. Imports from Mexico of
Crude Oil and Petroleum
Products
U.S. Exports to Mexico of
Crude Oil and Petroleum
Products
Oil Prices
Natural Gas Price
Employment
Wages
Housing
Home Sales
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Jan-00
Sep-00
May-01
Jan-02
Sep-02
May-03
Jan-04
Sep-04
May-05
Jan-06
Sep-06
May-07
Jan-08
Sep-08
May-09
Jan-10
Sep-10
May-11
Jan-12
Sep-12
May-13
Jan-14
Sep-14
May-15
Jan-16
Sep-16
May-17
Jan-18
Sep-18
May-19
Jan-20

Quadrillion Btu
Jan-00
Sep-00
May-01
Jan-02
Sep-02
May-03
Jan-04
Sep-04
May-05
Jan-06
Sep-06
May-07
Jan-08
Sep-08
May-09
Jan-10
Sep-10
May-11
Jan-12
Sep-12
May-13
Jan-14
Sep-14
May-15
Jan-16
Sep-16
May-17
Jan-18
Sep-18
May-19
Jan-20

Quadrillion Btu
Jan-00
Sep-00
May-01
Jan-02
Sep-02
May-03
Jan-04
Sep-04
May-05
Jan-06
Sep-06
May-07
Jan-08
Sep-08
May-09
Jan-10
Sep-10
May-11
Jan-12
Sep-12
May-13
Jan-14
Sep-14
May-15
Jan-16
Sep-16
May-17
Jan-18
Sep-18
May-19
Jan-20

Quadrillion Btu

Natural Gas (Dry) Production (U.S.)

3.5
3
2.5
2
1.5
1
0.5
0

Date

Natural Gas Plant Liquids Production (U.S.)

0.8
0.6
0.4
0.2
0

Date

Natural Gas Plant Liquids Production

Crude Oil Production (U.S.)

2.5
2
1.5
1
0.5
0

Date

Figure 18. U.S. Energy Production (Monthly Time Series, Seasonally Adjusted).
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MBD

Petroleum and Other Fluids (Mexico)
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Figure 19. Mexico Energy Production (Annual Totals).
This trend is also consistent with the number of drilling and fracking activities in the two
countries. As observed in Figure 20, the number of fracking wells in Mexico has been decreasing
in the past years, which could be due to the policy reforms in Mexico implemented in 2013.
Meanwhile, the number of drilling rigs in Texas has been increasing, indicating increased crude
oil and natural gas production.
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Figure 20. Drilling and Fracking, United States vs. Mexico.
Figure 23 depicts historical values concerning the number of refineries in Texas and the
foreign crude oil receipts by mode of transport. As observed, foreign crude oil has been
transported to U.S. refineries mainly by pipeline, rails, and tankers. The amount of the
transported crude oil via pipeline and rail has been increasing, which indicates that U.S.
refineries have been increasingly importing crude oil from Mexico for refining.
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Figure 21. U.S. Foreign Oil Refinery Receipts per Transport Mode and Number of
Texas Refineries.
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Figure 23. U.S. Foreign Oil Refinery Receipts per Transport Mode and Number of Texas
Refineries (Continued).
Figure 22 and Figure 23 show energy product imports from and exports to Mexico. Natural
gas is mainly transported by pipelines and trucks, while crude oil and petroleum products are
transported via vessels (90 percent). As observed, the imports of energy products from Mexico
have been decreasing, while the exports to Mexico have been increasing.
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Figure 22. Imports of Energy Products from Mexico.
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Figure 23. Exports of Energy Products to Mexico.

TRADE SCENARIOS

To develop future trade scenarios, the research team considered two scenarios based on
Mexico’s fracking potential. The research team recognizes that there is an uncertainty associated
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with the domestic and international policies of both countries that may affect the energy trade,
such as the policy changes implemented by OPEC countries or 2020 Russia–Saudi Arabia oil
price war (43). The research team will account for other relevant policies based on expert
interviews that will be conducted in Phase II.
The projections were conducted for 2030 and 2050, thereby resulting in a total of four
scenarios. Figure 24 depicts the two scenarios and types of energy products that will be
transported based on each scenario. The figure also lists the mode of transport per energy
product. These assumptions were made based on the results of the literature and exploratory data
analysis.

a) No Fracking

b) Fracking
Figure 24. Potential Energy Product Trade Patterns between Texas and Mexico.
SCENARIO ANALYSIS
To develop the list of scenarios, the research team followed the framework developed by
Zmud et al. (see Figure 25) (44). In this method, the first step is to identify the list of influencing
areas that will impact the energy trade. The second step is to elicit projections on these
influencing areas based on expert inputs or trends. The third step is to integrate the projections
into scenario frameworks, which is followed by producing scenario narratives. Finally, the
consequences are drawn for evaluating future changes in transportation.
Center for International Intelligent Transportation Research
Texas A&M Transportation Institute

Page 38

Source: Zmud et al. (44)

Figure 25. Scenario Planning Framework.
Step 1. Select Influencing Areas
Based on the results of the literature review, the research team identified the following areas
of influence:
• Policy Changes:
o USMCA.
o According to experts, energy trade will be impacted by Mexico’s policy reforms.
Since the policy reforms coincide with the USMCA period, differentiating the two
is not a trivial process. Thus, in this project, both policy changes are taken into
account. Another important policy that may affect the energy trade is the
restrictions on steel imports from Mexico.
• Energy Production in Texas: This project will mainly focus on productions in the
Permian Basin since it constitutes most of the energy exports to Mexico. The research
team will explore the list of crude and refined energy products together with the potential
mode of transportation per product type.
• Energy Production and Fracking in Mexico: Fracking in Mexico can impact energy traderelated transportation in two ways: (a) by increasing the production of crude oil moving
to Texas refineries; and (b) by increasing the amount of fracking equipment, such as
fracking sand, drill pipe, and industrial generators, moving to Mexico.
• Socioeconomic Indicators: In addition to energy production, other factors such as oil and
gas prices may affect energy trade between the two countries.
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Factors such as COVID-19 and restrictions on steel trade were not considered in scenario
development since the research team assumes that these two factors will dissipate by the
projected years (i.e., 2030 and 2050).
Step 2. Elicit Projections on Descriptors
The next step was to elicit projections on the descriptors of influencing areas. To develop the
list of descriptors, the observations from the literature review and the results of the exploratory
analysis were summarized. Table 6 shows the list of descriptors per influencing area together
with the potential projections. The future projections are provided for each of the four scenarios.
Table 6. Projections on Influencing Area Depicters.
Influencing
Area

Descriptors

Type of
Projection

Projections per Scenario
No Fracking in
Mexico

Policy
Changes

Energy
Production in
U.S.

Energy
Production and
Fracking in
Mexico
Socioeconomic
Indicators
(Texas)

USMCA: Flexibility in
Trade
USMCA: Rules of Origin
Mexico Policies: Reforms
Mexico Policies: Fracking
Natural Gas (Dry)
Production
Natural Gas Plant Liquids
Production
Refined Oil
Crude Oil Production
Rig Count in Texas
Petroleum and Other
Fluids
Dry Natural Gas
Crude Oil
Number of Fracking Wells
Gross State Product
Personal Income
Resident Population
Unemployment Rate
Oil Price
Natural Gas Price

Fracking in
Mexico

Qualitative

Year
2030
Low

Year
2050
High

Year
2030
Low

Year
2050
High

Qualitative
Qualitative
Qualitative
Qualitative

Low
High
Low
High

High
High
Low
High

Low
High
Low
High

High
High
High
High

Qualitative

High

Low

High

Low

Qualitative
Qualitative
Qualitative
Qualitative

High
High
High
Low

High
Low
Low
Low

High
High
High
High

Low
Low
Low
Low

Qualitative
Qualitative
Qualitative
Qualitative
Qualitative
Qualitative
Qualitative
Qualitative
Qualitative

Low
Low
Low
Low
Low
Low
High
High
High

Low
Low
Low
High
High
High
Low
Low
Low

High
High
High
Low
Low
Low
High
High
High

Low
Low
High
High
High
High
Low
Low
Low

Step 3. Integrate into Scenario Frameworks
In this step, the research team performed influence analysis to develop the input to the
scenarios. Influence analysis explores the impact of descriptors on each other. For this analysis,
the research team assigned two values to describe the impact of each descriptor on the rest of the
descriptors:
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•
•

0 = no influence.
1 = influence.

Figure 26 shows the results of the influence analysis. Note that the values above and below
the diagonal would be equal; therefore, only above the diagonal line was filled.

Figure 26. Results of Influence Analysis.
The research team assumes that the flexibility of the trade due to the USMCA will influence
all the other descriptors, although for some of the variables, the impact may be indirect (e.g.,
increasing trade may increase the GDP, thereby affecting personal income). Changes in ROO
policy are not expected to impact energy production or trade, for the most part. However, the
research team assumes that it could impact the overall GDP of the two countries. Mexico’s
policy reforms are expected to impact energy production and trade between the two countries,
thus indirectly impacting the GDP. However, the impact on other socioeconomic factors is not
Center for International Intelligent Transportation Research
Texas A&M Transportation Institute

Page 41

very clear. The research team assumes that energy production in the United States will impact
the socioeconomic conditions of Texas; however, the impact of energy production in Mexico on
the Texas economy is not very clear. Further data analysis will be required in order to make this
assessment. The number of rig counts in Texas may be influenced by the price of oil and gas. As
for energy production in Mexico, the research team assumes that Mexican imports of energy
products will decrease if domestic Mexican energy production increases. Finally, the research
team assumes that the GDP of Mexico may impact the number of immigrants in Texas, thus
affecting the demographics and other economic conditions of the state.
The second type of analysis for developing the frameworks is consistency analysis.
Consistency analysis explores the consistencies between the descriptors based on the projections.
To perform this analysis, the research team will conduct data analysis in order to estimate the
impact of descriptors on each other. For this, the research team will assign one of the following
three values to describe whether the high and low values of one descriptor are consistent with the
high and low values of the rest of the descriptors:
• 3 = consistent
• 2 = independent
• 1 = inconsistent
Steps 4 and 5. Produce Scenario Narratives and Draw Consequences for Future
Mobility
In the second phase of the project, the research team will develop a narrative for each of the
four selected scenario frameworks. The storylines will be developed by interlinking active and
passive descriptors. Key developments and interrelations will be highlighted and interpreted.
After developing the narratives, the research team will conduct data analysis to explore the
consequences of each scenario for the energy trade and future of transportation at border
crossings based on the results of projections and scenario frameworks. The results will be
simulated for each of the following transport modes:
• Freight.
• Pipeline.
• Vessel (ship).
• Rail tank car.
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CHAPTER 6. CONCLUSIONS AND PHASE II RESEARCH
This research project is focused on assessing the potential implications of the USMCA on
energy trade (energy products, materials) between the United States and Mexico, and
subsequently on the movements at border crossings. In the first phase of the project, the research
team assessed the existing literature to explore the main differences between the USMCA and
NAFTA. The research team also reviewed the policy reforms in Mexico that have significant
implications to the objectives of this project. The findings of the literature review indicate that
overall, the USMCA provides a predictable framework for the United States and Mexico to
continue expanding trade between the two countries by providing more favorable terms and
agreements. The USMCA might have significant implications for the trade of energy products.
As the findings in the literature indicate, the production of oil and gas products in the United
States has been increasing, while production in Mexico has been decreasing, indicating that
Mexico’s import of oil and gas products, particularly refined products, may increase in the
coming years. However, the impact of this trade on transportation at border crossings is not very
clear. Moreover, findings in the literature show that oil and gas products are mainly transported
by vessels. Although the transportation of energy products (particularly exports to Mexico) also
takes place via trucks, pipelines, and rail, the share of these modes is very limited; consequently,
the significance of the USMCA on transportation activities at border crossings is not very clear.
Based on the results of the literature review, the research team assumed that the policy
reforms, in particular reforms regarding fracking in Mexico, will significantly affect energy trade
between two countries and will subsequently affect the transportation at border crossings.
Therefore, the research team proposed four scenarios to predict the energy-related transportation
movements at border crossings for mid and long terms (2030 and 2050). The research team
followed the scenario planning framework to develop assumptions for the future, including the
identification of influencing areas and descriptors per influencing area. The descriptors were
identified based on the availability of data. After identifying the descriptors, the research team
developed projections to indicate whether a selected descriptor’s value will increase or decrease
(low and high values). Finally, the research team conducted an influence analysis to assess the
effect of descriptors on each other.
In Phase II of the project, the research team will conduct a consistency analysis to explore the
consistencies between the descriptors based on the projections. This analysis will be performed
with the help of research team members and subject matter experts. After this step, the research
team will develop a narrative for each of the four selected scenario frameworks and conduct data
analysis to explore the consequences of each scenario for the energy trade and future of
transportation at border crossings based on the results of projections and scenario frameworks.
The results will be simulated for each of the transport modes used for transporting energy
products.
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