Figure 2: Natural gas cost sensitivity analysis
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Figure 3: Manufacturers disclosing impact from shale gas, 2008-2011 YTD
Number of chemical, metal, and industrial manufacturers disclosing shale gas impacts
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“The safe production of shale gas has been a game-
changer in a variety of regions and among a variety

of sectors throughout our economy—notably
manufacturers. At a time when national economic and
employment indicators are uncertain at best, shale gas
producers and their vast and dynamic supply chain are
providing families and communities jobs and economic
development at a time when they’re needed most. The
Marcellus Shale is a case study in the transformative
impact of the natural gas industry. In Pennsylvania
and surrounding states, tens of thousands of jobs are
now supported by our industry and dozens of sectors—
from steel to construction firms—have been revitalized
through the promise of clean-burning and abundant
American energy.”

Kathryn Z. Klaber
President, Marcellus Shale Coalition



" Investment story in
the United States
begins to play out

There are numerous examples of
shale gas already contributing to
greater manufacturing investment
in the United States. Most of these
announcements are from chemical
companies seeking cost advantages
over foreign competitors. The cost

difference comes from less expensive

ethane, a natural gas liquid derived
from shale gas. Ethane is used

heavily in US chemicals plants, while
overseas competitors tend to rely more

on oil-based naphtha. In addition,
manufacturers outside the chemical
industry have also announced
expansion plans due to incremental

energy resources. Some of these cost-
based rationales among chemicals and

other manufacturers include:

Dow Chemical plans to build a

new ethylene unit on the Gulf Coast
by 2017; restart a dormant ethylene
unit in Louisiana by 2012; increase
ethane feedstock flexibility at
Louisiana and Texas locations
(2014 and 2016, respectively);

and construct a new propylene

unit in Texas by 2015. Feedstock

is expected to come from a variety
of sources, but include supply
contracts for Marcellus and Eagle
Ford shale gas.’

Formosa Plastics plans to spend
$1.5 billion on an 800,000 mt/year
ethylene plant and downstream
assets in Texas by 2015, partly

due to availability of shale

gas feedstock.!?

Chevron Phillips Chemical Co
announced a feasibility study to be
completed this year on the merits of
constructing an ethane cracker and
ethylene derivatives facilities at a
current site on the Gulf Coast using
shale gas feedstock.™

Bayer Corp. is reported to be
discussing opportunities with
chemicals companies to build an
ethane cracker at current sites
in the middle of the Marcellus
shale basin.!?

Westlake Chemical will expand
ethylene capacity in Louisiana by
the end of 2012 and again in 2014,
and may also expand in Kentucky
to use expected lower-cost North
American feedstock.'®

Shell Oil is building a
petrochemical refinery in the
Appalachians due to Marcellus
shale gas reserves.!

Nucor is building a $750 million
direct-reduced iron facility in
Louisiana, and received a permit to
build another plant, while securing
a natural gas supply agreement
that is expected to include nearby
shale resources.’®



Several other companies are making
investments in the United States based
on the opportunity to sell equipment
for shale gas plays. These include:

US Steel invested $95 million

in an Ohio plant to help meet
demand from shale gas extraction
activities.®

Vallourec is spending $650 million
on a new plant in Ohio to supply
steel pipe for companies extracting
shale gas.'”

TMK IPSCO is constructing an
R&D facility in Houston to develop
products for North American
resource markets, with demand
expected from hydraulic fracturing
and Marcellus shale.!® The
company will also add a second
pipe threading line to an Ohio
facility to meet demand from
Marcellus shale.?

These types of announcements are
likely to become more common, with
more companies outside the chemicals
and metals industries planning new
capital expenditures in the United
States to take advantage of lower costs
resulting from shale gas.

An affordable, reliable supply of
natural gas can also lead to changes
in manufacturing processes. Several
domestic steel companies have
indicated interest in using natural
gas to produce direct reduced iron
(DRI). Direct reduction can involve
using natural gas to reduce iron ore
pellets, which are then converted into
steel via electric arc furnace. Nucor®
and US Steel?! are examples of steel
companies that have already made
investments in DRI or are considering
such investments.

The global impact of shale gas also
could be significant. For example,
under the old assumption that
domestic supplies would be limited,
companies built liquefied natural

gas (LNG) import facilities in the
United States; that trend has now
reversed, and there is more interest in
conversion to LNG export terminals.
Because these imports are not needed
as much in the United States, they
can be used instead to meet demand
in Europe and Asia, which could

also help to lower gas prices in these
regions and potentially contribute

to some convergence of the regional
differences in gas prices.



| Significant job
creation potential
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As companies expand and open more
facilities in the United States, more
manufacturing jobs will be created.
PwC has estimated the potential
benefit to manufacturing employment
from lower natural gas prices, ceteris
paribus. Based upon our regression
model, there exists the opportunity to
significantly boost US manufacturing
in the future. Specifically, using
estimates for natural gas prices under
high and low shale recovery scenarios,
we expect that manufacturing
employment could increase by
approximately one million workers

at several future points in time in a
high shale recovery scenario
compared to low shale recoveries.

Shale gas-rich areas within the United
States, including states around the
Marcellus basin and the Gulf Coast,
would likely benefit the most from
this incremental employment. This

is because, all other factors being
equal, manufacturing investment is
likely to flow to areas where the cost
of transporting natural gas from shale
deposits would be relatively low.

Other factors, such as productivity
gains, can influence the overall level
of employment. It seems reasonable,
however, to expect that new shale gas
resources could provide a significant
long-term boost in US manufacturing
employment. This presents an
intriguing opportunity for the United
States in light of the current labor
market woes.

Figure 4: Natural gas employment sensitivity analysis
Estimated change in US manufacturing employment under high and low shale
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" Potential limiting
factors

An analysis involving shale
gas needs to address potential
headwinds.

One challenge is a need to build out
infrastructure in regions that haven’t
already produced significant amounts
of natural gas, e.g., the mid-Atlantic
as it pertains to the Marcellus

shale formation. This is relevant to
manufacturers as well as other sectors,
such as transportation, which could
benefit from increased natural gas
supplies, although views have varied
on this subject. For example, in order
to convert more of the US medium
and heavy truck fleet to natural gas,
more refueling facilities would need
to be built. This would likely require
government policy support in order
to offset high upfront costs. However,
such a transition in the transportation
sector would also help manufacturers
due to the need for new trucks,
refueling equipment, and natural gas
retrofit kits. Separately, evolving tax
policies will also have a significant
impact on shale gas production.

The environmental impact of
hydraulic fracturing, the process

used to create fractures in shale rock,
must be studied more. The primary
area of interest is the potential for
contamination of water sources from
chemicals used during fracking;
several states have announced
moratoriums on the process. Increased
transparency regarding the chemicals
used in fracking should help allay
some environmental concerns.

In addition, the Environmental
Protection Agency (EPA) is conducting
a study of the environmental

effects of hydraulic fracturing, with
preliminary results expected in late
2012. This will shape future opinion
on environmental impacts. States
also have an opportunity to enact
regulations now that are reasonably
strict and take into account

local needs.
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“More and more Americans are beginning to recognize
the enormous potential of shale gas. The impact of
increased shale gas development will ripple through
our economy, with manufacturers, in particular, seeing
great benefits. Shale gas development has the potential
to boost manufacturing employment by one million
jobs by the middle of the next decade.”

Jay Timmons
President & CEO, National Association of Manufacturers
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- Conclusion

Shale gas has the potential to spark a
US manufacturing renaissance over
the next few years, boosting revenue
and driving job creation, as a result
of several substantial advantages.
These include greater investment in
US manufacturing facilities, stemming
from more affordable natural gas
feedstock; and increased demand
from the domestic energy end-market
to increase natural gas production.
Recent company announcements
already indicate an upward trend

in shale gas’s positive impact on US
manufacturers, from both investment
and demand perspectives.

We believe that the factors are in place
for these trends to continue, despite
concerns and uncertainties over how,
and to what extent, the United States
should use its shale gas reserves.
Several possible obstacles could
prevent manufacturers from realizing
the economic benefits of this resource.

The long-term energy cost advantages
that manufacturers can gain through
shale gas are also significant—and
often a neglected part of analyses on
shale’s economy-wide effect going
forward. We estimate a cost savings
for US manufacturers of approximately
$11 billion annually, by combining
recent natural gas consumption levels
with potential natural gas prices under
high and low shale recovery scenarios.

Another long-term economic benefit
is the shale gas industry potential

to significantly increase hiring.
Given the historical relationship
between domestic energy prices and
manufacturing employment, we
believe that a high-level of shale gas
recovery could lead to approximately
one million more manufacturing jobs
by 2025, and by 2035, when compared
to low shale gas recovery scenarios.

Clearly, greater investment in US
manufacturing plants and higher
levels of employment can be a boon
to the US manufacturing sector.

To achieve these positive results,
however, manufacturers will likely
need to become active stakeholders
in the shale gas industry. Such
advocacy means supporting certain
tax and regulatory issues promoting
the growth of the industry, as well

as supporting environmentally safe
and transparent gas extraction
methods and public education and
community outreach programs. While
domestic energy companies will face
many of these issues more directly,
manufacturers will benefit only if
shale gas is extracted profitably and
safely. Effectively communicating the
value that shale gas can create for US
workers and communities is essential
to achieving these outcomes.
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PwC US helps organizations and individuals create the value they’re looking
About the PwC for. We’re a member of the PwC network of firms with 160,000 people in more

than 150 countries. We're committed to deliver quality in assurance, tax, and
network advisory services. Tell us what matters to you and find out more by visiting us at
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PwC’s Industrial Products (IP) practice provides financial, operational, and
About Pw(C’s strategic services to global organizations across the aerospace & defense (A&D),
) business services, chemicals, engineering & construction (E&C), forest, paper,
Indus.trlal Products & packaging (FPP), industrial manufacturing, metals, and transportation &
practlce logistics (T&L) industries. With more than 31,000 professionals located in over
150 countries, PwC’s IP global professionals deliver a wide range of industry-
focused tax, assurance, and advisory services to address critical business issues.
For more information please visit: www.pwc.com/us/en/industrial-products
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” Manufacturers
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