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Key Findings on Economic Impacts of Crude Exports
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AU.S. weighted average petroleum product prices decline as much as 2.3 cents
per gallon when U.S. crude exports are allowed. The greatest potential annual
decline is up to 3.8 cents per gallon in 2017. These price decreases for gasoline,
heating oil, and diesel could save American consumers up to $5.8 billion per
year, on average, over the 2015 62035 period.

AAn expansion of crude exports would result in $15.2 0%$70.2 billion in
additional investment in U.S. exploration, development and production of
crude oil between 2015 and 2020.

Awith crude exports, U.S. oil production is expected to grow faster and could
result in incremental U.S. oil production of between 110,000 0500,000 barrels per
day in 2020.

AThe U.S. economy could gain up to 300,000 jobs in 2020 when crude exports
are allowed. Consumer products and services and hydrocarbon production
sectors would see the largest gains.

AU.S. GDP is estimated to increase by $38.1 billion in 2020 if expanded crude
exports were allowed. GDP increases are led by increases in hydrocarbon
production and greater consumer product spending (due to lower retail
prices for gasoline and other petroleum products).

AuU.S. federal, state, and local tax receipts attributable to GDP increases from
expanding crude oil exports could reach $13.5 billion in 2020.

ALifting crude oil export restrictions contributes to expanded U.S. exports. This
could narrow the U.S. trade deficit by $22.3 billion in 2020, assuming all else
equal, through increased international trade of U.S. crude oil.

AuU.S. refinery throughput is expected to average 15.5 MMBPD without crude
export restrictions, which is 100,000 barrels per day higher than with the
restrictions. Refinery throughput is  slightly higher with crude exports because
refinery process bottlenecks (caused by mismatched crudes) are more
effectively alleviated by the flexibility to exchange crude s in the world market.
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Abbreviations

AEO

ANS

Bcf/day (or Befd)
Btu

CAFE

CAPP

DPR

E&P
EF

EIA

FOB
GDP
IEA

IMPLAN

KBPD
Mcf
MMcf

MMBtu

MMBOE

Glossary

EIA Annual Energy Outlook

Alaska North Slope

Billion cubic feet of natural gas per day

British thermal unit, used to measure fuels by their energy content.

Corporate Average Fuel Economy standards to improve the fuel economy
of U.S. vehicles first enacted in 1975 that are periodically updated

Canadian Association of Petroleum Producers

Detail ed Producti on Re devel rtatural ja§,F 6 s
natural gas liquids (NGL), and oil production model

Exploration and production of oil and gas resources
Eagle Ford crude oil, a light sweet oil produced in Texas

U.S. Energy Information Administration, a statistical and analytical agency
within the U.S. Department of Energy

Free on Board
Gross Domestic Product
International Energy Agency

Impact Analysis for Planning (IMPLAN) Model, an input-output economic
model

Thousand Barrels per Day
Thousand cubic feet (volume measurement for natural gas)
Million cubic feet (of natural gas)

Million British thermal units. Equivalent to approximately one thousand
cubic feet of gas

Million Barrels of Oil Equivalent wherein each barrel contains 5.8 million
Btus
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MMbbl Million barrels of oil or liquids
MMBPD Million Barrels per Day
NAICS Codes North American Industrial Classification System Codes
NGL Natural Gas Liquids
OGIP Original Gas in Place
OO0IP Original Oil in Place
Tcf Trillion cubic feet of natural gas
WCS Western Canadian Select crude oil, a heavy, sour crude blend produced

in western Canada
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Terms Used

Glossary

Economic Terms

Direct Impacts 7 represent the immediate impacts (e.g., employment or output changes) in
Sector A due to greater demand for and output from Sector A. These are the immediate
impacts (e.g., employment or value added changes) in a sector due to an increase in output in
that sector.

Indirect Impacts i represent the impacts outside of Sector A in those industries that supply or
contribute to the production of intermediate goods and services to Sector A. These are impacts
due to the industry inter-linkages caused by the iteration of industries purchasing from other
industries, brought about by the changes in direct output.

Induced or AMul ti pl i eirrepiederitthectniulativerippaatstofsspending of

income earned in the direct and indirect sectors and subsequent spending of income in each

successive round. Examples include a restaurant worker who takes a vacation to Florida, or a

store owner who sends children to college, based on higher income that arises from the initial

activity of crude oil exports. These are impacts on all local and national industries due to
consumersé6 consumpti on e x p bousthold imcoreesthatarssi ng fr om t
generated by the direct and indirect effects flowing through to the general economy. The term is

used in industry-level input-output modeling and is similar to the term Multiplier Effect used in
macroeconomics.

Multiplier Effect T describes how an increase in an economic activity produces a cascading

effect through the economy by producing Ainduced?o
to the total of direct and indirect impacts to estimate the total impact on the economy. The term

is used in macroeconomics and is similar to the term Induced Impacts as used in industry-level

input-output modeling.

Oil and Gas Value Chain Terminology

Upstream Oil and Gas Activities i consist of all activities and expenditures relating to oil and
gas extraction, including exploration, leasing, permitting, site preparation, drilling, completion,
and long-term well operation.

Midstream Oil and Gas Activities T consist of activities and expenditures downstream of the
wellhead, including gathering, gas and liquids processing, and pipeline transportation.

Downstream Oil and Gas Activities T activities and expenditures in the areas of refining,
distribution, and retailing of oil and natural gas products.

Oil and Gas Resource and Refinery Terminology

Atmospheric Column (also known as Distillation Tower) T the primary process unit in every
refinery and the gauge by which refinery capacity is stated. Separates the light, medium, and
heawhydr ocarbons present in crude oil,whichtre Afr act i

powered byperspective viii
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then generally subjected to fisecondaryo processin
products and at improving product quality. In the distillation column,the heavi est firesi du.

petroleum products remain at the lower levels of the tower, while the lighter products (such as

diesel, jet fuel, and naphtha/gasoline), which have shorter carbon chains, vaporize and then
condense and are withdrawn at stages up the tower. The lightest products (ethane, propane,
butane, and the lightest naphtha) exit at the top of the tower in gaseous form and are
Afcondensedod to recover as much as possible as
altered appreciably from that what column was designed for, bottlenecks can result, which force
throughput constraints and reductions. For instance, if a new crude is very light, it can contain

so much of the 1ight fover heado st r e amstiontuhta t
and throughput has to be cut.

Bitumen (also known as oil sands) i an extra heavy crude oil type characterized by high
viscosity.

Crack spreads i aterm used to estimate the refinery profit margin of a barrel of oil by

ficr acki ngioto petroleuneproductd. There are a number of ways to estimate crack
spreads, but a common measure is the 3-2-1 crack spread, which subtracts the cost of three
barrels of crude oil from the wholesale value of two barrels of gasoline plus one barrel of
distillate oil.

Dilbit T bitumen diluted with diluent to facilitate pipeline transportation of the bitumen.

Diluent i a diluting agent used to dilute the viscosity of bitumen to facilitate bitumen pipeline
transportation. Typical diluents include lease condensate, pentanes plus from gas processing
plants, butane, synthetic crude, and light crudes.

Conventional natural gas and oil resources i generally defined as those associated with
higher permeability fields and reservoirs. Typically, such as reservoir is characterized by a water
zone below the oil and gas. These resources are discrete accumulations, typified by a well-
defined field outline. Permeability in geological terms is the degree to which a rock formation
transmits fluids.

Economically recoverable resources i represent that part of technically recoverable resources
that are expected to be economic, given a set of assumptions about current or future production
technologies, prices, and market conditions.

Horizontal Drilling 7 the practice of drilling a section of a well (the lateral) in a horizontal
direction (used primarily in a shale or tight oil well). Laterals are typically thousands of feet in
length.

Lease Condensate i a light liquid hydrocarbon produced from non-associated natural gas
wells. Lease condensate is typically added to the crude oil stream after extraction from natural
gas streams.

powered byperspective iX
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Natural Gas Liquids T components of natural gas that are in gaseous form in the reservoir, but
can be separated from the natural gas at the wellhead or in a gas processing plant in liquid
form. NGLs include ethane, propane, butanes, and pentanes.

Original Oil-in-Place i industry term that specifies the amount of oil in a reservoir (including
both recoverable and unrecoverable volumes) before any production takes place.

Petroleum Administration for Defense Districts (PADDs) i1 five PADDs were created during
World War |l to allocate fuels across the country. The map below shows the PADD-level
divisions. Note that PADD 1 (East Coast) is divided up into three sub-regions.

Petroleum Administration for Defense Districts
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Sour ce: u. sS. Energy I nformation Administration (EI A). egaf oday i n Er

http://www.eia.gov/todayinenergy/detail.cfm?id=4890

Pre-Flash Tower i a pre-flash tower is a distillation tower that can be added to an existing
refinery to separate out the very light hydrocarbons (petroleum gases and light naphthas) from
condensate or light crude oil so that the primary atmospheric distillation tower can process the
heavy cuts (i.e., fractions or portions)* within the process limitations of the atmospheric tower.

Proven reserves 1 the quantities of oil and gas that are expected to be recoverable from the
developed portions (defined by drilled wells) of known reservoirs under existing economic and
operating conditions and with existing technology.

'For exampl e, refiners refer to |liquids that condense between 200 de

powered byperspective X
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Railbit 1 similar to dilbit, diluent is added to bitumen to facilitate rail transportation (generally at
a lower concentration than that needed for pipeline transport).

Technically recoverable resources i represent the fraction of gas in place that is expected to
be recoverable from oil and gas wells without consideration of economics.

Unconventional gas resources 1 defined as those low permeability deposits that are more
continuous across a broad area. The main categories are coalbed methane, tight gas, and shale
gas, although other categories exist, including methane hydrates and coal gasification.

Shale gas and liquids 1 recoverable volumes of gas, condensate, and crude oil from
development of shale plays. Tight oil plays include those shale plays that are dominated by oll
and associated gas, such as the Bakken in North Dakota (also see: tight oil).

Coalbed methane (CBM) i recoverable volumes of gas from development of coal seams (also
known as coal seam gas, or CSG).

Tight gas i recoverable volumes of gas and condensate from development of very low
permeability sandstones.

Tight oil T tight oil is light crude oil or condensate contained in petroleum-bearing formations of
low permeability, including shales, carbonates, sandstone and combinations of several
lithologies. Economic production of tight oil typically involves the application of the same
horizontal well and multi-stage hydraulic fracturing technologies that are used to produce shale
gas. Although often produced from shales, tight oil should not be confused with oil shale, which
is shale rich in kerogen (fossilized organic matter from which hydrocarbons may be generated
under high heat and pressures).

Crude Qil Types

Light crude oil T low-viscosity crude oil that is sometimes defined as having an API gravity above
30 degrees (alternative breakpoints are also used). For exhibits in this report, light crude is defined
as 35.1 degrees and higher to correspond with breakpoints of certain DOE/EIA historical data
series.

Medium crude oil i medium-viscosity crude oil that is sometimes defined as having an API
gravity starting somewhere between 22 degrees and 25 degrees and going up to the lower
breakpoint of light crude. For exhibits in this report, medium crude is defined as ranging from 25.1
to 35.0 degrees to correspond with breakpoints of certain DOE/EIA historical data series.

Heavy crude oil T high-viscosity crude oil is defined has having an API gravity below the lower
breakpoint of medium crude oil. For exhibits in this report, heavy crude is defined as 25.0 degrees

and | ower. The term fextra heavy oil odegress. def i ned

Sweet crude oil i crude oil that is defined has having a sulfur content of less than 0.5 percent.

Sour crude oil T crude oil defined as having a sulfur content of 0.5 percent or more.

powered byperspective Xi
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Conversion Factors

Energy Content of Crude Oil
1 barrel = 5.8 MMBtu = 1 BOE

1 MMBOE = 1 million barrels of crude oil equivalent

Energy Content of Natural Gas (1 Mcf is one thousand cubic feet)
1 Mcf = 1.025 MMBtu
1 Mcf = 0.177 barrels of oil equivalent (BOE)
1 BOE = 5.8 MMBtu = 5.65 Mcf of gas

Volume of Natural Gas
1 Tcf = 1,000 Bcf
1 Bcf = 1,000 MMcf
1 MMcf = 1,000 Mcf

Energy Content of Other Liquids
Condensate
1 barrel = 5.3 MMBtu = 0.91 BOE

Natural Gas Plant Liquids

1 barrel = 4.0 MMBtu = 0.69 BOE (actual value varies based on component proportions)

powered byperspective
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Executive Summary

1 Executive Summary

1.1 Background

API asked ICF International (in cooperation with
EnSys Energy) to conduct a study of the
economic impacts of changing U.S.
government policies that prohibit most export of
U.S. crude oils. This study provides an analysis
of the impacts of a liberalized crude export

policy.

The United States government restricted the
export of most domestically produced crude oil
starting in 1973, a time when U.S. oll
production was in decline.? In recent years, the
oil and gas industry reversed the downward
crude oil production trajectory through a
technological revolution. Horizontal well drilling
and multi-stage hydraulic fracturing are now
utilized to access oil and gas resources that
were previously either technically impossible or
uneconomic to produce. Between 2009 and
2013, U.S. crude oil production® has increased
by 2.1 million barrels per day (MMBPD) (39
percent)* and is projected to increase another
3.2i 3.3 MMBPD through 2020, according to
ICF/EnSys estimates. Forecasts of substantial
near-term production increases have also been
made by the U.S. Energy Information
Administration (1.8 MMBPD increase from 2013
to 2020) and other forecasts cited later in this
report.> This production revolution has
fundamentally altered the domestic flow of
crude oil, with states such as North Dakota and

Key Points

fThe U.S. may become t
crude oil producer over the next decade,
largely through production of lighter crude
oil.

9 Current restrictions on the export of crude
oil, developed at a time when U.S. oil
productionwasi n decl i ne, | i
ability to efficiently use crude oil supplies.

9 U.S. refineries are mostly designed to
accommodate heavy (rather than light)
crudes.

1 Refineries are expected to continue to make
adjustments to accommodate lighter crudes,
but may have a difficult time keeping up with
growing U.S. light crude and condensate
production.

9 The U.S. crude oil supply glut is apparent in
the discount seen in recent months in U.S.
light crude oil prices, relative to international
benchmarks.

9 Because the U.S. allows import and export of
petroleum products, such as gasoline and
diesel, U.S. petroleum product prices follow
international market dynamics, regardless of
the differentials between U.S. and
international crude oils.

9 Expanding flexibility to export crude oil
would allow refiners to operate more
efficiently, running heavy crude oil, while
export of light crude oil is expected to
modestly reduce international oil prices,
and, by extension, U.S. gasoline and diesel
prices.

9 Expanding crude oil exports is expected to
increase U.S. crude oil production, leading
to net gains in employment, GDP, and
government revenues.

he

mi

2 The United States currently allows export of domestic crude oil in a few cases, such as the following: 1) from oil produced in

Al askads North Slope and Cook

I nlet, 2)

up to 25,000 BPtBtoi n

Canada if the crude supplies remain in Canada or are re-exported to the United States. Other options are also permitted (e.g.,
exports of oil in exchange for strategic petroleum reserve volume) under defined conditions.

% Including lease condensate

wor |l

t

h

producti

‘U. S. Energy I nformation Administration (EI A). ACrude Oil
http://www.eia.gov/dnav/pet/pet crd crpdn_adc _mbbl a.htm

Su. S. Energy I nformation Administration (EI A). AAnnual Energy
at: http://www.eia.gov/forecasts/aeo/er/index.cfm
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Texas now producing substantial volumes of tight 0il.° The new oil supplies, made up primarily
of light sweet crude oil and lease condensate, are concentrated in the Bakken (MT, ND),
Niobrara (CO, WY), Permian (NM, TX), and Eagle Ford (TX) shale plays, as shown in the
exhibit below.”®

Exhibit 1-1: Key Tight Oil and Shale Gas Regions

Key tight oil and shale gas regions P\

3 Bakken \
—L H\

Marcellus

Permian

| y
. Haynesuville |

Eagle Ford

Source: U.S. Energy Information Administration (EI A). diaf o d
http://www.eia.gov/todayinenergy/detail.cfm?id=13471

Construction of new pipeline infrastructure to connect new tight oil plays to traditional demand
markets (i.e., refineries) has lagged behind production growth. This has created significant
transportation bottlenecks as new supply from sources such as North Dakota could not be
shipped to demand areas elsewhere around the country. Over the past several decades, U.S.
oil pipeline infrastructure was geared to transport domestic and foreign oil from locations such
as the Gulf Coast north to demand markets. However, growing North Dakota tight oil production
led to a southward shift in movements of crude to refineries in the midcontinent region. Until
very recently, these additional domestic supplies and Canadian crude imports became
bottlenecked at Cushing, a large supply hub in Oklahoma, as there was not sufficient pipeline
infrastructure to move the crude south from Cushing to the major Gulf Coast refining center.

As shown in the exhibit below, the rapid tight oil production growth coupled with the lack of
infrastructure connecting new supply sources to demand markets became apparent in the late

5 Tight oil is light crude oil or condensate contained in petroleum-bearing formations of low permeability, including shales,
carbonates, sandstone and combinations of several lithologies. Economic production of tight oil typically involves the application of
the same horizontal well and multi-stage hydraulic fracturing technologies that are used to produce shale gas.

" To correspond with breakpoints of certain DOE/EIA historical data series, this study defines light crude as having API gravity of 35.1
degrees and higher, medium crude ranging from 25.1 to 35.0 degrees, and heavy crude as 25.0 degrees and lower.

8 Sweet crude oil is defined as having a sulfur content of less than 0.5 percent, while sour crude oil is defined as having a sulfur
content of 0.5 percent or more.
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2000s as evidenced by the drop in U.S. West Texas Intermediate (WTI) Cushing benchmark
crude oil price relative to the international comparable benchmark crude. The exhibit shows the
historical price spread between WTId the U.S. oil price benchmark for light sweet cruded and
the North Sea Brent priced considered the international oil price benchmark. WTI prices
historically were at a slight premium relative to Brent. The WTI-Brent price spread averaged
positive $1.30 per barrel between 1983 (the earliest year for which data is available) and 2008.
The differential became more volatile starting with the financial crisis and commodity price
collapse in 2008, before plunging to a discount of $17.00/bbl in 2011 and 2012 due to the
Cushing bottleneck as tight oil production continued to grow.

Exhibit 1-2: Historical U.S. Oil Production and WTI-Brent Spot Price Spreads

Decline in U.S.
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—~ 80 - - $0.00 =
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< | N ' 2
2 50 4 g
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o Brent price differential E

30 M -

S
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0.0 rrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr T T e T rrTrT ($20-00)
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Sources: EIAT oil production; Bloomberg i WTI and Brent spot FOB prices.

Additional pipeline capacity has been added and is under construction to alleviate this
bottleneck. Capacity from Cushing to the Gulf Coast, as well as from the Permian region into
the Houston refining center has increased. The ongoing development of this infrastructure has
opened the pathways for light crude to reach the Gulf Coast, and provided producers higher
prices while allowing Gulf Coast refiners access to the discounted light crude. At the same time,
East and West Coast refiners do not have access to new tight oil by pipeline, and have been
developing rail capabilities to access domestic crudes, such as from the Bakken in North
Dakota, allowing them to reduce imports of light sweet, globally-priced crude oils.

Tight oil production, which is characterized as light sweet crude oil and lease condensate, is
expected to continue to fuel the bulk of future U.S. oil production growth. As shown below, this
production growth is replacing light oil imports, mostly African crude oil, at an increasing clip.
Between January 2010 and January 2014, the light oil imports dropped by nearly two-thirds to
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790,000 barrels per day (BPD) for the U.S. In the Gulf Coast (PADD 3), light oil imports are
currently only about 245,000 BPD, and a portion of these are for lubricant oil manufacturing
(requiring a specific crude oil quality).®

Exhibit 1-3: Historical U.S. Oil Production and Light Crude Imports
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Sources: U.S. Energy I|Information Administration (EI A). ACrude

Available at: http://www.eia.gov/dnav/pet/pet crd crpdn_adc_mbbl_m.htm, u. s. Energy I nformation
Net I nput. o EI A, 27 February 2014, Washington, D. C. Avail abl e

http://www.eia.gov/dnav/pet/pet_pnp _inpt2_a _epcO_YIY_ mbbl_m.htm

Note: The light crude imports include crude oil imports with API gravity of 35 degrees and above.

There is a fundamental mismatch between U.S. refinery capabilities, configured for heavier oils,
and the countr y §somprieeddf kgiter dils. AlhpugH the initial (physical)
bottleneck at the Cushing, OK hub that caused the discount of U.S. oil prices has been
alleviated for the most part, the prices for U.S. light crudes and condensates have experienced
a persistent differential with comparable but higher priced world crude such as Brent since
August 2013. Analysts have attributed this differential to U.S. refiners encountering constraints
that prevent them from processing all of the growing U.S. light crude and condensate volumes.
Refiners are planning investments to increase the ability to process lighter oils, but it is
uncertain whether these investments can keep up with growing U.S. light crude and condensate
production. There is a high probability that this differential between U.S. and comparable
international crudes will persist over the medium term. In addition, given the global nature of
petroleum product prices (such as gasoline and diesel), lower crude prices in one region do not
necessarily translate to lower product prices.

9 Based on the 2013 average for PADD 3 (as PADD for crude processing) crude oil imports with API gravity of 35 degrees and

Admi ni st |

above. u. s. Energy I nformatitevAtdmimpestrtadDi okEl AElI Y. Febh€Compgnp014:

Available at: http://www.eia.gov/petroleum/imports/companylevel/

powered byperspective 4


http://www.eia.gov/dnav/pet/pet_crd_crpdn_adc_mbbl_m.htm
http://www.eia.gov/dnav/pet/pet_pnp_inpt2_a_epc0_YIY_mbbl_m.htm
http://www.eia.gov/petroleum/imports/companylevel/

—
CONSULTING

Executive Summary

With U.S. light oil imports at less than 800,000 barrels per day (BPD) and additional growth of

production of 3.4 million barrels per day by 2020 anticipated, t he A Cushi ngoobott |l ene
becomea fnat i on al Asprbdoders éxtend eipgekne and rail infrastructure, U.S.

refiners will gain access to an increasing supply of tight oil crudes and condensates. Refiners

will then have to reconfigure to run the new lighter crudes. The Cushing bottleneck foretells a

similar outlook for producers as refining capacity becomes the limiting factor on processing the

new domestic crude.

This outlook is expected to have ramifications for the U.S. economy as tight oil production grows
and options to domestically process the light crudes and condensate become constrained.
Historically, many U.S. refineries were adapted to process heavier crude oil. However, the new
and growing U.S. production is primarily light crude oil and lease condensate. After backing out
all light oil imports, the U.S. is still expected to have a net surplus of light oil production. Due to
a combination of flat or declining domestic petroleum product demand, refinery capacity limits to
process light oil feedstocks, and continued refinery demand for heavy oils (due to both refinery
configuration and long-term import contractual obligations), the U.S. surplus of light oil is
expected to increase.

Questions This Study Addressed:

T How Abindingo will the crude export constfraint
much of a price depression will result between U.S. crude prices and prices for
comparable global crudes?

1 How would U.S. production and trade in crudes be affected by lifting the export
constraints?

How would refinery throughputs be affected if crude exports were allowed?

What would be the impacts on prices of U.S. and global crudes and U.S.
petroleum product prices if crude exports were allowed?

I What would be the economic impacts of allowing crude exports in terms of
GDP, jobs, and balance of trade?

1.2 Energy and Pricing Impacts of Crude Oil Exports

This study focused on assessing the impact of lifting the crude oil export restrictions on the U.S.
crude oil supply-demand balance and the international supply-demand balance, both in terms of
volumetric and pricing changes. The study compared supply-demand trends in a world with
continued crude oil export restrictions to a scenario in which the restrictions are lifted. A key
focus throughout this report is on differential impacts between the export-restricted and non-
restricted cases. Because of the uncertainty in several factors that could affect near- and
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medium-term crude prices, ICF created two market scenarios within which export policy could
be examined:

1 A Low WTI-Brent Price Differential Market Scenario (Low-Differential Scenario) i
Assumed relatively rapid accommodation of light crudes and condensate, notably that
the following would occur by 2015, leading to a narrowing in WTI-Brent differentials:

o Continued swift buildout and availability of rail capacity to take Bakken and
Niobrara crudes out to the U.S. East and West, as well as Gulf coasts.

o0 Similar buildup in capacity to ship Eagle Ford crude and condensate via marine
terminals at Corpus Christi, enabling expanded movements by sea to refineries in
eastern Canada and the U.S. Northeast.

0 No constraints on fully backing out all light sweet crude imports into the Gulf, East
and West coasts.

o Similarly, a degree of flexibility in backing out medium sour crudes imported into
the U.S., notably into the Gulf Coast.

0 Announced refinery projects to enable running light crudes all come on-stream by
2015 (but no further adaptations made by then).

i A High WTI-Brent Price Differential Market Scenario (High-Differential Scenario) 1
Assumed that inertial factors and delays would slow the adaptations to changing crude
slate that were assumed in the Low-Differential Scenario, with the result that WTI-Brent
differentials would remain wide, at least for several years. While some refiners have
invested to process more light crude, others may be reluctant to risk significant capital
on higher-cost refinery investments to accommodate lighter crude slates due in part to
the uncertainty around crude export policies and the outlook for tight oil production
growth. In addition, permitting requirements can adversely affect project timing and delay
implementation. These could prevent announced refinery projects from coming on-
stream until after 2015. Equally, there could be delays in the implementation of the
extensive list of announced projects for crude-by-rail capacity. Crude supply contracts in
place and equity ownership stakes in refineries could slow the displacement of imported
crudes by domestic grades. These factors would contribute to the wider WTI-Brent price
differentials assumed in the High-Differential Scenario, thus prolonging U.S. crude price
discounting relative to global prices.

Both the Low-Differential and High-Differential scenarios include two policy cases:

1 Base Case (No Exports Policy Case) i Results based on the assumption that existing
restrictions on crude exports remains in place.*®

10 This case assumed a continuation of current crude export policy in which the United States permits export of crude oil in a few

cases such asthefollowing: 1) from oi |l produced in Al askao6 500NBPD inprod8dtiam freen a n d
Californiads heavy oil fields, and 3) crude expo-expastedtodhe Qriteda d a
States. Other options are also permitted (e.g., exports of oil in exchange for strategic petroleum reserve volume) under defined
conditions.
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1 With Exports Policy Case i Results based on the assumption that all restrictions on
crude exports are lifted.

This study found that the U.S. petroleum industry would, based on global markets and

transportation costs, have a strong incentive to export lower priced domestic crude to global

mar kets where prices for similar quality crudes
exports, as a free market export policy will cause producers to seek higher prices for their

domestic crude oil. The study found that based on global markets, a free market export policy

would drive an average of 2.1 MMBPD crude oil exports between 2015 and 2035. Under the

current export policy, crude oil exports would average about 580,000 BPD and result in lower

crude oil production and fewer long-term economic benefits to U.S. consumers.

Exhibit 1-4: Gross Crude Exports and Share of U.S. Crude Production
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Sources: EIA T historical; ICF International and EnSys Energy i projections

The U.S. is projected to remain a net crude importer through 2035 in the cases examined in this
study. Average net imports of crude are approximately equal in all cases with and without
exports (within 30,000 BPD on average between 2015 and 2035). As exports of light crude oil
are allowed, imports of heavier crudes increase to better align with existing refinery
configurations leaving net imports little changed as shown in Exhibit 1-5. Heavier crudes are
expected to comprise an increasing share of imports as U.S. tight oil and condensate production
back out light imports. For historical reference, net crude imports averaged 9.0 MMBPD in 2000
and dropped to 7.6 MMBPD by 2013. Net crude imports are projected to be between 4.5 and
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4.8 MMBPD by 2035 with or without restrictions. The exhibit below shows net crude import
changes due to crude exports.

Exhibit 1-5: Net Crude Imports do not Change Considerably due to Crude Exports

0.6
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Sources: EnSys WORLD Model and ICF analysis

Note: In all cases, crude exports to Canada are allowed.

When exports are restricted, U.S. crudes are bottlenecked, which results in their pricing being
discounted. With crude exports, U.S. and international crudes are in direct competition, and will
move WTI prices closer to comparable global oil prices. In addition, the Brent price drops when
U.S. crude exports are allowed, as U.S. incremental crude production increases overall global
supply. WTI prices are projected to average $2.25i $4.00/bbl higher over the 20157 2035 period
relative to the no export case, depending on the scenario, while global oil prices are
approximately $0.35i $0.75/bbl lower over the same time period.'* WTI-Brent price differentials
narrow with crude exports from $7.50/bbl in the Low-Differential Scenario, or $9.60/bbl in the

11 All projected prices for 2015-2035 in this report are in 2011 dollars, unless otherwise specified.
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High-Differential Scenario when exports are constrained, to a differential of $4.85/bbl when
export restrictions are relieved in both the Low- and High-Differential Scenario.

The High-Differential Scenario results in much larger drilling activity and production in the early
years in comparison to the Low-Differential Scenario. This is because the WTI price adjustment
is much larger in the early years in the High-Differential Scenario vs the Low-Differential
Scenario when exports are allowed. In the longer term the WTI price adjustments in both study
cases converge, and so, the impacts on drilling levels and production are similar.

Exhibit 1-6: Allowing Crude Exports Increases Tight Oil Wells Drilled

Sources: EnSys WORLD Model and ICF analysis i projections; EIA pricing forecasts adjusted by EnSys WORLD Model and ICF
analysis for case scenarios
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