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Introduction

The Marcellus and Utica shale plays are some of the largest natural gas resources in the world and underlay
the Shale Crescent USA region of Ohio, Pennsylvania, and West Virginia. IHS Markit forecasts that this
region will supply 45% of the nation’s natural gas production by 2040, which is even more significant from
the fact that the United States is the largest producer of natural gas in the world. The natural gas produced in
the Marcellus and Utica shales in many areas is rich in natural gas liquids (NGLs) which include ethane,
propane, and butane. IHS Markit forecasts NGL production from these two plays will nearly double, from
0.60 million barrels per day (b/d) in 2018 to 1.17 million b/d in 2040. This robust outlook is attracting high
value, energy-intensive, and NGL consuming petrochemical industries to the Shale Crescent USA region.
While a previous study conducted by IHS Markit evaluated the prospects for a world-scale ethylene and
polyethylene plant based on ethane feedstock, this current study examines the prospects for projects based on
methane, propane, and normal butane (LPG). This IHS Markit report examines the feasibility of selected
chemical industry investments in the Shale Crescent USA Region and compares them with competing
opportunities in other U.S. and global regions.
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Historical Perspective

Historically, industrial development in the United States has centered around proximity to growing markets and
advantaged feedstocks. As examples, the industrial and manufacturing heartland of the United States (e.g.,
automobile production) developed around the steel industry in the U.S. Midwest, and the fertilizer industry
developed in close proximity to the agricultural and grain producing belts of the mid-continent and plains states.
While the beginnings of the chemical industry in the U.S. can be traced back to the first major commercial
ethylene plant built by Union Carbide in Clendenin, WV in 1920, the center of chemical production and
commerce has since shifted to the hydrocarbon-rich U.S. Gulf Coast, as the benefits of feedstock and refinery
integration considerations drove the large-scale development we see today. A byproduct of this focused
development in the Gulf Coast region is significant movement of unfinished materials and fertilizers moving to
the Midwest and to the farm states.

The recent availability of large and growing volumes of economically advantaged petrochemical feedstocks as a
result of the shale gas development in the Shale Crescent USA Region, offers the potential for realigning
chemical production with the large population market demand centers. The graphic below illustrates recent
chemical industry investment by location and value chain. While natural gas in the Shale Crescent Region can
support ammonia and urea production, the relatively lower cost of moving natural gas feedstock closer to the
agricultural market versus moving ammonia or urea, favors locating production in the mid-continent and west
coast states. However, the Shale Crescent region is gaining traction in the area of ethylene and polyethylene,
as investments are moving ahead for producing this thermoplastic closer to the value-added manufacturing and
population centers of the Northeast and Midwest U.S. Polypropylene, the largest volume thermoplastic used in
the automobile industry, is another candidate also likely to benefit from this trend.
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Estimated Logistics Benefits of the Shale The Shale Crescent USA competitiveness
Crescent USA Region versus the U.S. Gulf Coast
for Natural Gas and LPG is an independent report
by IHS Markit commissioned by Shale Crescent USA
(funded in part by JobsOhio) to evaluate and ¥ Product connection
compare the major chemical investments in the Shale Crescent USA region

region with existing producers in other competitive = US Gulf Coast
regions. #

The questions addressed by this study are:

A Higher cost in the Shale Crescent USA
¥ Lower cost in the Shale Crescent USA

« What is the outlook for natural gas and LPG
supplies in the Shale Crescent USA Region,
and how significant is the region in terms of —
overall U.S. growth in hydrocarbons
production?

«  Will the forecast supply of natural gas and v ; 6 /0

LPG be_suf_ficient to support petrochemical Propane is extracted from the natural
production in the region? gas stream

« Isthere an inherent logistics-related cost
advantage to the local price of natural gas
and LPG in the Shale Crescent USA Region?

« What petrochemical products could be 0
produced from natural gas and LPG in the O
Shale Crescent USA Region? Which are the v

most likely products based on market,
economic, and technical factors?

I

Propylene is commonly produced
from propane

The analysis conducted by IHS Markit highlights the
chemical industry development opportunities for the
Shale Crescent USA Region based on predicted
volumes and prices of natural gas and LPG @ 4 0/
production in the Marcellus and Utica shale plays, the 0
estimated logistics-related cost advantage of v Propylene (a gas) is converted to
feedstock supply, and the cost to distribute the polypropylene (a plastic)

chemical products to a mix of regional domestic and
international customers.

[

Natural Gas
The Appalachian region, including the Marcellus and 1 0_ 1 1 0/
Utica shale plays, has become the “breadbasket" of 0
U.S. natural gas production, with a resource base Polypropylene is shipped fo customers
that will play a key role in satisfying America’s ' for use in everything from rigid
increasing reliance on natural gas, as well as keeping packaging to automotive parts
energy costs moderate. IHS Markit expects
AppaIaChlan prOdUCtlon to grOW from apprOXImater Note: E.ach percentage represents how much more or less the preduct is expected

29% Of the US tOtaI in 2018, tO SUppIy 45% Of the to cost.m 2020 in trhe Shale Crescent USA region )
nation’s natural gas production by 2040. Favorable Source: IS Merdt © 2018 S Mardt 1757092
production economics make the Marcellus and Utica shale plays amongst the most cost competitive in the
nation.
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US lower-48 natural gas production by region
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Appalachian production is expected to grow from 28 billion cubic feet per day (Bcf/d) in 2018 to 51 Bcf/d
in 2040, almost as much as the entire U.S. produced 10 years ago. Today, the basin’s influence on natural gas
markets has extended further into markets outside the region, an influence enabled by 20 Bcf/d of new pipeline
takeaway capacity built over the past five years. However, natural gas prices beyond Appalachia will remain
largely influenced by associated gas production (gas produced as a byproduct of oil production), pipeline
constraints and the increasing cost of expansions to move gas to consuming markets. Over the longer term,
associated gas production will slow in other areas of the country and enable Appalachia natural gas production
to increase as additional natural gas pipelines exiting Appalachia region are forecasted to be added. These
additional natural gas pipelines will help propel Appalachia natural gas production rates to higher levels. Low
production costs and varying degrees of pipeline takeaway capacity constraints will lead to
considerable price discounts in the region to the Henry Hub benchmark price through 2040. The price
discount at Dominion South Point is expected to expand beyond $0.75/MMBtu by the early 2030s because of
intensifying pipeline constraints, prompting another round of pipeline takeaway capacity additions. This pricing
represents an approximately 15% discount to Henry Hub pricing.

U.S. end use demand for natural gas is expected to grow by more than 20% by 2040, to more than 100 Bcf/d
and therefore, the U.S. will continue to rely on Appalachian production as a critical component of its energy
supplies.

Propane & Butane (LPG)

LPG production increases as a by-product of increasing U.S. natural gas production. U.S. propane production
in 2018 was approximately 1.35 million b/d and is expected to increase to 1.76 million b/d in 2025 and will
continue to expand through 2040. Onshore U.S. LPG production and supplies have outstripped U.S. onshore
demand and exports via water and pipeline to international markets has been required to balance. Since early
2013, the U.S. increased its net exports of LPG and exports are expected to continue to increase over the long
term. The U.S. has correspondingly emerged as the largest propane exporter in the world and the second
largest butane exporter in the world behind the Middle East. The Mont Belvieu, Texas propane and butane
prices, major global benchmark prices, have correspondingly moved downward in relation to the other propane
and butane global prices.
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U.S. propane growth has been propelled by shale gas and tight oil growth. In early 2013 the U.S. exported
approximately 0.3 million b/d of propane and is expected to exceed 1.5 million b/d by 2040. For the Shale
Crescent USA Region, it is expected that by 2025 propane production from the tri-states (West Virginia,
Ohio, and Pennsylvania) is expected to reach almost 0.3 million b/d, approximately 17% of total U.S.
production. Unless investment is made in the region in petrochemicals, most of this propane production will
be exported to other countries. The Shale Crescent USA region is within PADD | and PADD Il and accounts for
a majority of the production from these PADDs.

Based on our forecast and outlook for natural gas and propane, there is available supplies of propane in the
Shale Crescent USA region to support the typical consumption rate of an integrated Propylene (via Propane
Dehydrogenation) to Polypropylene project. A Propane Dehydrogenation to Propylene project’s typical
consumption rate is in the range of 22,000 to 25,000 b/d.

U.S. normal butane has also grown but the exports have not been significant as U.S. onshore end uses are
quite high as compared to overall normal butane availability. Domestic consumption includes refineries,
isomerization, base chemicals including cracking and others, and industrial demand. U.S. normal butane
production in 2018 was approximately 0.47 million b/d and is expected to increase to 0.59 million b/d in 2025.
However, growth in refineries has stagnated and as such U.S. onshore normal butane demand over the long
term will only consume about 50% of available normal butane production. Therefore, unless investment is
made in domestic consumption capability, approximately 0.4 million b/d will be exported by 2040. By 2025
butane production from the tri-states (West Virginia, Ohio, and Pennsylvania) is expected to reach
almost 80,000 b/d, approximately 13% of total U.S. production. The Shale Crescent USA region is within
PADD | and PADD Il and accounts for a majority of the production from these PADDs.

The Shale Crescent USA Region’s gas processing margin shared between upstream and midstream
companies are positive and in 2018 their propane gas processing margins were in the range of 30 to 50 cents
per gallon (cpg) compared to a Mont Belvieu market price of approximately 93 cpg. Butane gas processing
margins are similar, and also quite positive and also creates a value uplift to upstream operators’ single well
economics. It is therefore valuable for upstream operators to extract and recover LPG, propane and normal
butane, and correspondingly deliver to end use markets onshore U.S. and offshore.

Propane and normal butane supply in the Shale Crescent USA Region exceeds demand and available
alternatives determine the price to be paid by a downstream chemical manufacturing plant operator.
Over the long term, residential, commercial, and refinery end use markets in the Shale Crescent USA Region
are limited and transfers out and exports are required to balance supply and demand. Therefore, as
production swells and both propane and butane supply outstrip demand, the prices will drop and
present promising economics for petrochemical assets in the region.
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To calculate these economics, some assumptions must be considered. The value or acquisition cost of
incremental production of propane and normal butane in the Shale Crescent USA Region is derived by the
Mont Belvieu price and purity pipeline transportation costs. The cost of transportation can be viewed as an
avoided cost for the upstream operator and their netback, or an incremental cost borne by others, to effectuate
a downstream sale and purchase. Our view of LPG transportation cost is therefore bounded by the Energy
Transfer Partners-Sunoco Logistics Mariner East 1 posted pipeline tariff and Enterprise Products TE Products
Pipeline Company (TEPPCO) posted pipeline tariff. IHS Markit estimates the Shale Crescent USA Region’s
propane price to lie in the range of a 11% discount or a 22% premium to the Mont Belvieu price. IHS Markit
estimates the Shale Crescent USA Region’s butane price to lie in the range of a 9% discount or a 17% premium
to the Mont Belvieu price.

Alternative LPG transportation costs, 2018 basis

US Gulf Coast and US Northeast propane pricing
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Chemical Product Screening

There is a large and diverse group of chemical products that can be produced from the Methane (Ci1), and LPG
(Propane Cg; Butane C,) feedstocks available in the Shale Crescent USA Region. These are depicted in the
exhibit below.

Value Chains and Their Derivatives Evaluated

C; » Methane C, » Ethane C; » Propane C4 » Butane C¢+ » Aromatics
Value Chain Value Chain Value Chain Value Chain Value Chain

Acetic Acid Polyethylene Acrylic Acid
Methanol Ethylene Acrylonitrile
Acetal Resin Glycol Butyl Acrylate

Ammonium Ethylene Oxide Cumene

Nitrate
Dimethyl Ether Styrene Isopropanol

Vinyl Acetate EDC Phenol Butanediol
Formaldehyde Polypropylene

Urea Propylene

Ammonia Glycol

MTO (on- Propylene

purpose olefins) Oxide

GTL (Gas to

Liquids)
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IHS Chemical has surveyed the chemical products in the C1, Cs and C4 value chains using a proprietary
screening and ranking methodology that considered nearly a dozen factors comprising market, technology, and
economic dimensions. These individual factors were weighted and ranked, resulting in an overall attractiveness
fit being determined for each product. The results are depicted in the exhibit below:
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The most highly ranked first tier targets (identified by the green bars), namely Methanol, Ammonia, Urea,
Propylene (via PDH), and Polypropylene were selected for a more detailed analysis of the individual market,
technology, and economic dimensions.

Chemical Product Detailed Analyses

Upon analysis of the cost competitiveness of chemical derivatives of natural gas, IHS Markit determined that
Shale Crescent USA Region-based production cost of ammonia, urea, and methanol are forecast to be
comparable with existing competitive producers within the North American region. This is primarily due to a
natural gas cost advantage in the Shale Crescent USA Region, as well as proximity to large demand centers in
North America. For example, the delivered cost for urea in the Shale Crescent Region based on an
integrated ammonia/urea facility is 12% less when compared to obtaining urea from the US Gulf Coast.
Ammonia production is largely integrated to urea and other ammonia derivative production on-site, and
therefore has limited merchant market potential. However, for urea, there are several offtake possibilities in the
U.S. Northeast and Midwest, namely for fertilizer use (82% of domestic urea demand), as well as in the form of
diesel exhaust fluid (12% of domestic urea demand).

Methanol production cost in the Shale Crescent USA Region is also expected to fare well in domestic markets
driven by a natural gas cost advantage over the Gulf Coast. The delivered cost for methanol to the Shale
Crescent region is 26% less as compared to obtaining methanol from the Gulf Coast. However, new
North American methanol production is focused on export market opportunities, resulting in a gross export
position of 1.7 million tons in 2018, growing to over three times that volume by 2025. This represents an
overabundance of domestic supply, with which a Shale Crescent USA Region plant would need to compete.

Competitiveness Analysis Overview

U.S. + Canada

Considered

Chemical demand within 700 Shale Crescent

Product miles scale, kMT/year Shale Crescent’s expected target markets
Ammonia 31% 1,000 Integrated with Urea; U.S. Midwest & Plains States
Urea 39% 1,780 U.S. Midwest & Plains States

Methanol 15% 1,000 Local markets adjacent to Shale Crescent and Exports
Propylene 9% 500 Integrated with Polypropylene

Polypropylene 7% 500 Local markets adjacent to Shale Crescent and Exports

Source: IHS Markit

Confidential. © 2019 IHS Markit. All rights reserved.

© 2019 IHS Markit

March 2019



IHS Markit | Estimated Logistics Benefits of the U.S. Northeast vs the U.S. Gulf Coast for Natural Gas and LPG

Looking to propane derivatives, a propane dehydrogenation plant located in the Shale Crescent USA Region is
expected to be competitive with existing competitors along the U.S. Gulf Coast on a cash cost basis due to
comparative forecast propane feedstock pricing. Within the greater North American region, Canadian propane
dehydrogenation plants are expected to have the lowest propylene cash costs due to lower cost propane in the
Alberta area. Integrated to propylene production, Canadian polypropylene plants have the lowest cash cost
basis due to advantageous feedstock cost. The upcoming Alberta projects will retain this advantage into 2040s.
Both the U.S. Gulf Coast and Shale Crescent USA Region plants will be able to compete with Canadian plants
on a delivered cost basis within U.S. demand centers in the U.S. Northeast and Midwest, as well as in overseas
markets such as West Europe through export terminals in along the U.S. Northeast coast.

Plants based in the Shale Crescent USA Region and U.S. Gulf Coast are second to Canada concerning cash
costs. By 2040, plants based in the Shale Crescent USA Region will have the second lowest cash costs, just
behind Alberta-based plants.

However, polypropylene plants in the Shale Crescent USA Region would be positioned as logistically
competitive in terms of supplying domestic sub-regional markets in the Eastern and Midwestern U.S. It
is predicted the Shale Crescent USA will be the most competitive region by 2040 concerning supply of these
markets, gaining the advantage from Alberta-based plants.

Shifting to a delivered basis for polypropylene, the logistical advantage for Shale Crescent USA becomes more
apparent. IHS Markit estimates that around 77% of U.S. and Canadian polypropylene demand within a
700-mile radius of the Shale Crescent USA epicenter. As a result, a competitive cost position and inherent
working capital savings for a local polypropylene buyer would bode well for an integrated Shale Crescent USA
Region polypropylene producer. Additionally, the presented advantages of plants located in the Shale Crescent
USA Region are expected to increase over time due to a moderately increasing propane feedstock price over
the long term as compared to other competing feedstock prices.

Conclusions
The major findings of the study are:

« The Shale Crescent USA Region will be a significant contributor to the supply of natural gas,
ethane, and LPG well into the future.

« The specific supply and logistics of Natural Gas and LPG in the Shale Crescent USA region
affords a cost advantage for its local use within the Region, albeit not as significant as that of
ethane.

- Both Methanol and Ammonia/Urea production from natural gas are economically advantaged in
the region due to the low feedstock costs.

- The most advantaged LPG derivative is an integrated Propylene (via Propane Dehydrogenation)
to Polypropylene project in the Shale Crescent USA Region. Access to ample supplies of locally
produced propane leads to a competitive manufacturing cost for propylene and subsequently

polypropylene.

- This propane feedstock advantage is augmented by the Shale Crescent USA Region’s close
proximity to over three-quarters of the U.S. polypropylene end use market.
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Disclaimer

The information contained in this report is confidential. Any unauthorized use, disclosure,
reproduction, or dissemination, in full or in part, in any media or by any means, without the prior
written permission of IHS Markit Ltd. or any of its affiliates ("IHS Markit") is strictly prohibited. IHS
Markit owns all IHS Markit logos and trade names contained in this report that are subject to license.
Opinions, statements, estimates, and projections in this report (including other media) are solely
those of the individual author(s) at the time of writing and do not necessarily reflect the opinions of
IHS Markit. Neither IHS Markit nor the author(s) has any obligation to update this report in the event
that any content, opinion, statement, estimate, or projection (collectively, "information") changes or
subsequently becomes inaccurate. IHS Markit makes no warranty, expressed or implied, as to the
accuracy, completeness, or timeliness of any information in this report, and shall not in any way be
liable to any recipient for any inaccuracies or omissions. Without limiting the foregoing, IHS Markit
shall have no liability whatsoever to any recipient, whether in contract, in tort (including negligence),
under warranty, under statute or otherwise, in respect of any loss or damage suffered by any recipient
as a result of or in connection with any information provided, or any course of action determined, by
it or any third party, whether or not based on any information provided. The inclusion of a link to an
external website by IHS Markit should not be understood to be an endorsement of that website or
the site's owners (or their products/services). IHS Markit is not responsible for either the content or
output of external websites. Copyright © 2019, IHS Markit®. All rights reserved and all intellectual
property rights are retained by IHS Markit.
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