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THE PURPOSE OF TIJIGUMENT

Pennsylvania sits atame of the largest gas and natural gas liq@MiSLspasins in the
world. ThisSSY SNAH& NBX&a2dzNOS KlFa aA3IyAFAOFYy(d LIRGS
economic growthbutthis potentialis still mostly untapped

Over the past several years, the upstream oil & gas industry has worked to develop the
resource, and has ceted measurably strongb growth for PennsylvanianButthere is

limited demand within Pennsylvania for teeergyit produces which in turn limits the
extent to which Pennsylvanians daenefit fromtheir resource.

Meanwhile, other juridictions are seeing their own energy booms in parallel. The
Permian basin in the southwest, for example, is growing rapidlpracidices lowcost

3ra GKIFG gAft O2YLIBiSIS ouswinddw oftofpyriirditg locih y A | Q& «
the benefits to Persylvania for years to come.

G C 2 NESziid&téSprivate secteled effort, launched by Chevron and Peoples @Gas,

dzyt 201 GKS SO02y2YAO EidSrgsiukck; in tetiE of tGBR y & & f ¢
growth, jobs growth, and government revenues to suppbé needs of the state.

Achieving this potential will require close collaboration between the private and public
sectors, coordination within the private sector, anabove all else a drive to practical

action.

¢ KS G C2 NHEIG) daNs ¢ SaTapid defjuenSe/oisiepsA Phy fiisipis to lay

out the facts, as objectively and rigorously as possible, to ensure a clear view of the
opportunity and priorities on which to focus. TéiEumentsummarizes the findings of

the diagnostiavork. Facbased analysis was provided by McKinsey & Company.

This paper, however, represents only the first step. Moving forward, the task is for
Pennsylvania companies and leadensrivate and public sectors bothto refine the
perspectives described here adelvelop an action plan to forge the future together, for
the benefitof all Pennsylvanians.

July 2017



EXECUTIVE SUMMARY

Yy Pennsylvania has a woudthss energy resource that could propel the
I 2YY2y 6SI { (i KHawievef Qn ¥ Raxtidndof its potential has been
captured due to limited hstate demand. The time is now to translate our energy
potential into sustained, broablased prosperity for thetate and thaegion

Yy Within the next decadePennsylvania caake strategic steps tonprove its
economic performance above its current trajectory by:

$60 billion,~6-9%growthin annual state GD&erabout10 yearsfrom ~$720
billion (under a businesasusual scenariao ~$780 billion by pursuing targeted
growth actionsificrease fronl.6% to 2.3%n average annual growth rate)

>100,000morejobs,a~1-2%increase oveabout10 years, from ~6.2 million
jobs in 2025under abusinessasusual scenarao ~6.3 million jobs in 2025 by
pursuing targeted growth actions (increase froi®5% to 0.85% average
annual growth ratg

>4 .5trillion cubic feet (T¢fincreasen gas demanda ~90%ncrease over 10
years, from ~5 Tcf @025(under a businesasusual scenarijao ~9.5Tcf by
pursuing targeted growth actions

Signiftant increase in state revenuegstimated to be at least $2 billion
supported by large expansion in state GDP and corporate activity

Yy Pennsylvania can achieve these concrete economic benefits thitegh
development strategies:

Increased gafred power and heating ensuringall Pennsylvanians benefit
from low-cost gador residential and commerciaddustrialusers

Clusters irPetrochemicals, Advanced Materials, and BaigenAutomated
Manufacturingg drivingGDP and jobs growth and posifiogPennsylvania as
an Irdustry 4.0 manufacturing leader;

Exportsg crucial to make gas production viable, without hurting competitive gas
prices in state

Yy Pennsylvania has unique strengths, but must overcome-aepd challenges,
including:

Legacy in manufacturing and chemicals, but must attract higyloevth
segments

Available labor pool, but cost disadvantages and potential skil{ggpshigh
end manufacturing)

Significant production of science and engineering talent, but brain drain to other
regions



T Academic leadership in IT and engineering, keititively limitedranslation of
innovation into commerge

T Large network of browrdld sites, butssues of topography, size and
connectednes$o gas supply or end markets many casesxisting siteaeed
investments to be useable;

T Lowcost natural gas, but not fully reflectedretail power prices

Yy Going forward, the Pennsylvamiavate and public sectors should work on
targeted statewide initiatives, reflecting the most important actions to attract the
NAIKG O2YLI yASas LINA2NRAGAT S GKS N&AIKIDG
cost gas and human capital translate into petrtive opportunities to realize the
full potential of its worletlass natural gas reserves

Ay
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CONFIDENTIAL

Forge the Future Phase 1:
Establishing the facts

INTRODUCTION

Pennsylvania faces a histasjgportunity. Within it liesmostof the vastMarcellus shale
and a significant portion of the Utiaad Devoniashales, which togetherepresent

one of the largest gas basins in the wofldhisenergyresource haslready begun to
transform not only the US energndscapebut also fbws of energy around the world.

Pennsylvan@a 2 LJLXdligatiyh Evierddn behalf of every Pasylvaniarg is to
capturethe fullvalueof thisworld-class resourceBydoing so, Pennsylvanaall tap
into amuchneededwellspring of growtlg in GDRjobs, andsignificantexparsion of
publicrevenues ¢ for decades to comeWith this abundant, economically and
environmentally efficient energy source, Pennsylvanialdaa amodern and
reinvigoratedeconomy that convergets historicstrengths withthe technology and
automationrdriven enterprisesow emergingn the Commonwealtland around the
world. With natural gas and related products as the energy puiseing through
Pennsylvaniave can pursueevidencebackedplans,strategiesand actiosto forge a
future of unparallele@conomicvitality, andrealizebenefitsthat will extend tothe
social and cultural fabric of every community.

In the decade or so sinbgdraulic fracturing and horizontal drillitechnologies made

shale gas accessildescale most of the focus in Pennsylvania has beatzLJd NS | Y ¢

the process of finding, developing, and producing the gas resourBey y a & f @I YAl Q&
upstream oil & gas industhas played an important role inourfe@ y Q& FF oA f AG& 0
weather the Great Recessidiringing both jobs and government revenues into

Pennsylvania while other regiofased more significargtruggles. For example, it

FRRSR 2y GKS 2NRSNJ 2F b wrpalGDR tiefwdef B a2 t Sy y a
2016 it added more than 15,000 jolbetween 2007 and 2012ven while total annual

average employmerdeclinedin Pennsylvania byore than 74,000 joband declined

across America by almost 3&hd the jobs itreated were well paying, witlverage

annual pay of ~$83,000 in 2012, compared to a state averagg8f000

Cdzi GKS FdAt 6SySTAG 2F tSyyasksl gfl A8Q8y ¢
supply is met by robust and sustained demimallyci KS G R2 gy a i NBIF Yé &S

will multiply GDR jobs, and governmemévenueshrough agreatermix of instateand
export consumers



Thesuccessful attraction of the Shell crackewWestern Pennsylvania has stirred more
attention statewideand beyondo downstream demand and developmeniith several
studiesin play andgrowingdiscussiorand speculation The time is now to feed
momentum in this directiorand do so in the context of a rangeisfues and
opportunitiessuch asvorkforce, infrastructure, access to capital, competition from
other domestic and international regions, partnerships and collaboratadsmore
Enablinghew sources of economic activity that can make competitive use of

t Syyaet gl yeselvediill régyiré didatity and acommitmentto be bold The
opportunity is togo beyondndividualcompany attraction alonendto leverwhat is
uniquely Pennsylvangto forge a future that truly optimizes odifferentiatedassets
and market position.

Pennsylvani®@a o0dzaAy Saasz 32 33SNYY, Soiand ddademic2 YA O RS
communitiescan come together behina strategic plan of action guidedecisions that

will capturethe full economic opportunity at handlhis report covers Phadef a

project whose goal is development and activatiosumh gplanc ultimately,one that

will reflectfar more inputs, insightand refinements from Pennsylvania leadanghe

path ahead

The following discussion provides an analytical fact baséoton such a plan of action.
It aims to:

Yy Define a practical vision for enerdgiven economic development in Pennsylvania

Yy Quantify the potential benefit to Pennsylvania in GDP, jobs, and government
revenues, at a high level

Yy Prioritizewhich sectors tduild, expand, and attra@h Pennsylvania
Yy ' YRSNERGFIYR tSyyaetgryAlQa aiNBy3adkKa G2 K
Yy Suggest major themadirectionsfor development of specifiactiors

The goal is to lay out the facts, as objectively and clearly as weaahem, and
clarify a path tan energyenabled economghat will serve all Pennsylvanians.

THE GROWTH IMPERATIVE

Pennsylania needs to grow. Its economy and population Haved stagnatioffior a

decade buffeted by the Great Recession and gltloainess dynamids ¢ KS adl G SQ:
growthaveraged 1.1% per year from(&xo 2015, compared to a US average of 1.4%

per year. In the same period, the state labor force grew 0.2% per year, compared to a

US average of 0.7% per yehr.particular, manufeturing jobsg which made up ~%

of Pennsylvania employment2000¢ have declined35% (~2.% per yegrandnow

reflect only ~% of employmen(Exhibitl). Although some of those losses have been

offset by gains inther sectors like healthcare bnancial serviceghese have not been

enough to propel Pennsylvania to a new trajectory of growth and employment



t Sy yaet Geosfenérgpcan lduicls and sustairew manufacturingsectorsc
supplying products to higgrowth domestic and global maatsc that would be
anchored toour state

EXHIBIT

Over the past 15 years, energy has seen the fastest growth, but it will need
to catalyze broader growth to offset ~35% decline in manufacturing jobs

Pennsylvania employment share by industry
Thousands of employees, 2000-15 2000-15
583  CACR

Industry 5,693 5,702 5,621 . L
gy 568 i -2.8% P Manufacturin
Manufacturing 679 560 I has seen ’
T 270 705 -0.2% largest

Government 1Y decline: ~35%
962 between 2000
Health care and 814 900 and 2015
social assistance
Retail trade 658 633 -0.5%
Construction 33234 -0.4%
----------------------------- - S,
Mining; quarrying; | 4.1% Ofgsv:aesngt?th
0&G extraction} — g 9
............................. 4 to offset
manufacturing
Other! 2,429 2,523 2,528 2,701 declines
2000 2005 2010 2015

1 Other sectors include accommodation and food services, professional and technical services, admin services and waste
management, finance and insurance, transportation and warehousing, educational services, wholesale trade, mgmt. of
companies, arts/entertainment, information, real estate and rental/leasing, utilities

SOURCE: Moody's Analytics

t Syyaet gt yal Qa LJ2 (3dZ 5t 1B nilligh eviéry year foStigeyasta G I 6 £ S
decade) In the current economic environment, without significant and urgent action,

stability meanshe state will fall behind others that have built momentum and growth.
Pennsylvaniaeeds an economic environment that attracts people who want to take
advantage of desirable job opportunitiesda business buzz that results in more high
skilledworkers andcollege grads seeking and finding their career start here.

t Syyaet gryialQa @I aid Sy SNHeéhoosStaggzNOSa 2FFSN
collaboration and collective acti@verthe status quag to power, through energyn

engine ofbusiness and populatigrowth. By unlockinghe full potential of

t Sy y & esMédeliodand Dticaresourcesthe state will unleash a powerful

competitive weapon in the fight fenore andbetter jobs, income growth, community
investmentshealth and safety an increasinglymprovedquality of life that because of

this energy resourcés within the grasp ddll Pennsylvanians aodr leaders



That competitive opportunity and the gas itselt areO dzZNNXB y (i f & LowgrideN Y RS R
andalack of infrastructure to movine gads inhibiting investment decisions and

direction that otherwise would be much more robusSteating new demand will make

production of these resources economicsloreover,givenhow extensive andow cost

the resouces aredemand growth is unlikely to increase psi¢elevelsthat would

SNBERS (GKS O2YLISUGAUAQDS-coStRaBSffers K t Syyaet gty

THE URGENCY IMPERATI

Pennsylvania is competing with other domestic and international jurisdictions that want
to lever their energy resources &olvance theeconomies and quality of life in their
regions. We want and need to win that race.

The window of time is limitedSectas that would makéheY 2 a0 dzaS 2F t Sy y a
resourceg; for example, petrochemicals, ammonia, plastics, glass, and various forms of
advanced manufacturingare in the middlef deciding how to reposition their

manufacturing footprint nationally arglobally. Within the next-2 years, billions of

dollars in capital investment decisions will be finalizafter which, they may be locked

in for decades.

Overthat time, other regions will become increasingly welsitioned to compete with
Pennsylvaai for investments and contracts. In particular, the Permian basin in the US
a2dziKgSald oAff LINBPRAzOS |y Sy2N¥2dza | Y2dzyi
whichg since it is a byproductis effectively free. The earlier Pennsylvania can lock in
opportunities, the better.

APPROACH TO ENEBRIYEN ECONOMIC DEXHMENT

Theobjective is energgriven economic development for Pennsylvania8 & Sy S NH &
RNAGSY>¢é 6S YSIyYy OGKFGEZ FEdK2daAK G§KSNB I NB
consider to support the economy, we will focus only on the subset related to

t Syyaeft gl yaAl Qa eSyiSNERY 2NB D2 RNDS® 2 LIYSY (1 5¢ &
multiple metrics of economic healthtate GDP, jobs, amggbvernment revenues.

Naturally, ardenergydrivere strategy must start by taking stockwaiat the energy

resource contains Pennsylvania sits atop the bulk of the Marcellus shale and a portion
of the Utica shale. These areas produce gas (methane) and natural gas liquids (NGLSs:
ethane, propane, butane, and heavier C5 fractio®s can be burned for heat or to
produce electricity. NGLs are used as feedstockefiomg andhe complexchainsof
chemicals production (ethane into ethylene, propanto propylene, C5 fractions into
refined products, and so forth).



These basic petrochemicals are the building blocks for materials and products that
define how we liveg our computers and cell phes, medical equipment, automobiles,
sporting goods, clothing, cosmetics, packaging, appliances, and just about everything
else we consume.

How muchnatural gas and NGhse producedvaries region by region, acre by ac@n

averagef Syyaeft gl yAl Qa | ONBEhASNI SKRBREI GRI §SaaBWM
rich): about 93% of production is metharebout 6% is ethane, and the small remlar

is splitamong therest. 2 6 SGSNE t Syyaef @l friven@ddnodmid NI (G S3e
growth can leverage production profiles across the region, including portions of basins
predominantly in Ohio and West Virgigitor example, ~30% of ethane production in

2025 is projected to come from the Utica bady 2025, Pennsylvania wailicess

enoudh ethane annuallyrom across théristate areato support 35 world-scale

ON} O1SNAR Ff2y3aARS {KSftftQad CNIyYyltAy TFI OAfA
trends (seeexhibit 8ater in the discussion).

Ly Gdz2NYE aSO02y 2 YA afeRRBIGSiorBUcHES yoasédomhS 3 G a4 2y
research and the real experiences of otb& statesnd othercountries

y It shouldbenefita broad base of Pennsylvanianbether in terms of more jobs,
better jobs andob stability, or more money inJS 2 Lffockedsa

y It should prioritize the creation eébmpetitive tradeable cluster€Clusters
concentrate an industry value chairtigght geographic proximity, whiadnables
easier and more frequerteractionsamong suppliers and customers and their
customes, accelerates knowledge sharing and innovation, and thereby establishes
asynergisticompetitive advantage that is hard for other regionbrieak Ideally,
clusters should be built around tradeable sectpnseaning, those with goods or
services that can be sold outside of the region (e.g., a technology) rather than
those that are purely internal (e.g., a restaurant). Tradeable sdwwesa grater
impact on growth because they grow the state pie, putiwgnuesn from
national and global markets

Yy ltshouldbesustainableL y t Syyaef gryAl Qa OFasSsz GKAa Y
enoughgasdemandgrowthto make gagroduction economica] otherwise, it will
be impossible to make use of the resourttealso means that any new sectors
built as part of the strategy shoube attractive in the long ternfnot accordions
that expand in the near terrut quickly retrac), in areas where Pennsylvania can
become a leading competitor

lFor more information on clusters, see for exampl e, Mich
of C o mp eHarvatdiBusinesReview, Nov-Dec 1998; and http://www.isc.hbs.edu/competitiveness-
economic-development/frameworks-and-key-concepts/pages/clusters.aspx (as of April 2017)



http://www.isc.hbs.edu/competitiveness-economic-development/frameworks-and-key-concepts/pages/clusters.aspx
http://www.isc.hbs.edu/competitiveness-economic-development/frameworks-and-key-concepts/pages/clusters.aspx

OVERVIEW OF THE GPRINITY AND POTENTMPACT

With theseprinciplesin mind,a detailed, secteby-sector microeconomic analysiss
conductedi 2 dzy RS N& ( | ysRill ran§e/of ap@iinides sha de@rmine
which to prioritize.

Theanalysigjave shape tanintegratedapproach tcenergydriveneconamic
development in Pennsylvanidhe approactb y i Af & GKNBS GaRSOSt 2 LIV
working together:

1. Increased gafired power andeating Ensure all Pennsylvania consumers feel the
benefits of lowcost gagor heating and efficient power generaticgnabled by
intrastate pipelines an@n part)distributedpowergeneration

2. New clsters in sectors of the futuréctively build clusts in three areag
Petrochemicals, Advanced Materials, and Exigen Automated Manufacturing
Fff 2F 6KAOK KIFINYySaa tSyyaeftadlryilQa 02YL)
and industrial advantages of the state, and have the potential forllamgeerm
growth;

3. Gas &ports Ensure Pennsylvania always has enough outlets for its gas to keep
production viable Importantly, exports will send a powerful signal that Pennsylvania
competes on a global stage and is a lucrative destination for investayatsl

Thesedevelopmentstrategies must work together for enerdyivengrowth to spark
and endure. Fitsgasfired power and heatingnakes sure that improved quality of life
is widespread rather than concentrated, which is good in itselfstal® important to
ensure statewide benefits. Second, new clusteerve as the engine of growthhird,
gas exports make sithat thed ¥ d#& that growth engine is affordabendavailable
for use. If any one of these strategies is left out, theasddiumbles in the long term.

Other regions will become increasingly well
positioned to compete with Pennsylvania for
investments and contracts. The earlier
Pennsylvania can lock in opportunities, the better.

Exhibit2 summarizeshe vison of whatPennsylvania should create with its wesldss
energy resource by 2025



EXHIBIZ

Overview of the opportunity i HarnessingPennsyl vaceostads | ¢
energy to promote economic growth and competitiveness

End-state objective by 2025

1 Build ~6,000 MW of new natural gas power in Pennsylvania
1 Convert ~500,000 homes heating from fuel oil to natural gas
1 Install ~2,200 MW of distributed combined heat and power

c Pennsylvania power
and heating

1 Build a world-class petrochemical hub with 3-5 ethane crackers, 3-5
PDH plants, 2-3 ammonia plants and inorganic chemical plants

1 Expand into high-value specialty plastics manufacturing

Petro-
chemicals

1 Be the leading materials supplier for US northeast infrastructure

v growth (2-3% annual growth), harnessing historical strength in steel,

Pelnn- . Ad\t/an_cled or— 7= aluminum, cement, and glass

z?/u\;?;': MAICHES i 1 Establish the commercial hub of advanced materials technology (e.g.,
fiberglass, advanced cement) drawing on R&D leadership

1 Achieve national Top 3 position in data-hungry advanced
manufacturing focusing on Pennsylvania leadership in robotics, artificial
intelligence, and additive manufacturing

1 Develop data center network (6-8 major centers) harnessing low-cost
power, preparing for worldwide rollout of data-hungry Internet of Things

Data-driven
automated
manu-
facturing

1 Expedite key pipelines (including Transco, Texas Eastern, Columbia Gulf,
PennEast/UGI) to increase gas exports by 3.6 Tcf by 2025, ensuring
stable gas production needed for Pennsylvania long-term
competitiveness and investor confidence

e Gas exports

EachofthesR S@St 2 LIYSy i aGNI 0S3AASEA L£lgsOagyh 2y t
resource whether for lav-cost gas and NGL feedstdBlennsylvanipower and heating;
Petrochemicals), lowost gadired electricity Pennsylvanipower and heating;

Advanced Materials and Dafaiven Automated Manufacturing)r access to broader

gas demand in order to make ganomical to producéGas &ports). These

strategiesare explained in detail later in the analysis.

Pursuing this approach would create substantial, enduring benefits for all
PennsylvanianBy 2025, Pennsylvarcaulduplift its economic performance above the
Wil 1S yzelbyOiArA2yQ S99

i $60 billion, ~8% growth in annual state Goverabout10 years, from ~$720
billion in 2025under a businesasusual scenarido ~$780 billion by pursuing
targeted growth actions (increase from 1.6% to 2.3% in average annual growth
rate);

i >100000 more jobs, a ~2% increaseverabout10 years, from ~6.2 million
jobs in 2025under a businesasusual scenariao ~6.3 million jobs by
pursuing targeted growth actions (increase from 0.65% to 0.85% in average
annual growth rate)

(0p))



i >4.5 trillioncubic feet (Tcf) increase in gas demand, a ~90% inareasabout
10 years, from ~5 Tcf in 20@der a businesasusual scenarjao ~9.5 Tcf
by pursuing targeted growth actigns

i Significant increase in state revenagmssibly $23 billion suppored by large
expansion in state GDP and corporate activity

Moreover, it would position Pennsylvania to be an innovation and talent leader
cutting-edge sectors of the future.

Exhibit3 summarizes the potential economic benefil$iese estimates account for not
only the direct impacts (e.g., revenues and jobs created by new sectors) but also the
secondary and tertiary impacts (e.g., knookeffects from businesses and services that
emerge to support the new sectors).

EXHIBIB

Potential impact of energy-driven economic
growth in Pennsylvania B Energy-driven

economic growth
Pennsylvania growth from 2015 to 2025
State GDP, $ hillion Jobs, thousands Demand for PA gas, Tcf

2015 value // 626 // 5,800 // 4.8
Natural growth i 1 ‘
(no action taken) | 98 ‘ 345 |
Current trajectory, ‘ ‘ ‘
2025 value 724 6,145 5.0
) E:;tr;slvanla power and |0.9_1.2 |4—6 I 03
Petro- | i |
o Jus Josos
Penn- ! ! !
. J Advanced
i | s o
Data-Driven ‘ | ‘
Automated Mfg. I 12-14 . 35-45 | 0.1
o . .-
//// 43-62 786 . 95-122 6.267 . 4.5-4.7 07

Percent increase over current +6-9% +1-20% +90-95%
trajectory 2025 value®

0.2

1 2015-2025 CAGR increase due to economic development: GDP = ~0.9%, jobs = ~0.2%, gas demand = ~6.7%
SOURCE: EIA; BEA (Moodyo6s Analytics); team analysis




Eachdevelopment strategprovidesa different type of economic benefit:

Yy Increased gefired power and heating ensura8 Pennsylvanians bendfibm low
cost energy.lt has moderate effects on GDP and jqlosore importantly, it
improves household income for a wide range of residents (e.g., households in rural
NW and NEPennsylvaniareas that switch from fuel oil to gas will experience
$1,5001,800/season savings ametr bills)

Yy The clusters drive GDP and jobs grovRetrochemicalss thesingle largest
contributor to GDP growth (~$240 billior), with significant job growth (~11,0Q0
16,000. TheAdvanced Materials and Dabaiven Automated Manufacturing
clustersare large job engings-80000¢ 100,000together), and position
Pennsylvania as andustry 4.0 manufacturing leademproviding the robotics
equipment and software that will define the next wave of manufacturing facilities
in the US and globajlgs wdlas the artificial intelligence, advanced analytics, and
GoAd RFEOGFE O2YLMziAy3d GKIG oAttt 6S NBI dzA N
throughout manufacturingwhich is moving toward widespread sensor
deploymentto allowreakttime monitoring and contradf equipment)

y Gas aportsarecrucialto increase gas demamshough tomake gas production
viable. This, in turn, enables the clusters to exist and provide GDP and jobs growth
within Pennsylvania

Clearly, Bithree of these development strategiesist worktogether to forge the

future. Based orstudies(Allegheny Conference on Community Developntéat)

show GDP growth increases tax receipts at just over five percent of that growth,
NBEZSydzSa (2 tSyyaet dlyAil QoilliodddedandiNE a0 yR
analysis

ANALYSISF THE OPPORTUNITY

To identify the rightlevelopmentstrategies, we looked at every possible way that

t Syyaet gl yAil Qrondized Wahen assesdetl WhetbeBit made sense to
pursuethem based on the economic developmgmliarsoutlined above In addition,

we considered global and regional economic landscapes and business cycles that
determine timing for new investments

Increased gafired power and heating

Across the United Statesajor changes in the energy mix for electric pogeeration
andusage are well underwayincludingfuel-switchingin central generating plants and
growthind 6 SKAY R (KS YSi wiNEsolar,dshikued degetatio &4 A | S
includingfuel cells ad combined heat and powe€HP, and battery storage for

residential and commercial & industrial users.



By capitalizing on these trendsS y' y & & f @resgukcecahZreadeledonomic

benefits for Pennsylvamain the near term, without any change to the underlying
economy or growth in new industrial sectors, through a combination of fuel switching
for distributed powemgenerationand heating.

Fuel switching refers to shifting how power and heating are produdistorically,
baseloaddispatchable central generation has been dominated by three fuel sources:
nuclear, coal and gdsed power plants. In PIM (the regional wholesale electric

transmission operator), the dispatch curve for these technologies basselear

dispatched first (despite high fixed costs, the marginal fuel cost is near zero), followed

by coal and then gasonly as the need arises. For the first time, gas prices have driven
gasfired power ahead of coal on the dispatch curve and haes ¢dwered overall

wholesale power pricesmeaning thatga¥ A NS R LI2 gSNJ gAftt 0SS aAy
often than its coafired counterparts.

As a result, shifting from cefed to gasfired powerplants allows potentially lower

cost electricity fran highly efficient combined cycle gas turbines (CG@Gd the

construction andaetrofitting of coakired plants provides a significant economic

opportunity. Already, since 2010, the share of Faa NBR LJX I yia Ay t Syya
generation mix has almosodbled from 156to 28%.

At the same time, on the retail side, the opportunity for systematically lower electric
prices provides further incentives for residential customers to switch from fuel oil to
electric power for heating.

Finally, economidsdriviy 3 | R2LJAA2Y 2F ySg> RAAGNAOGzI SR
technologieghat enableresidential and commercial & industrial custontergenerate

on-premise power. While a subset of the population is adopting these technologies for
non-economic reasons (e.g.,addh 2 y I £ NBaAf ASyoOe Ay GKS O &
considerations), a convergence in the levelized cost of electricity between central grid
supplied power and these new technologies will occur throughout the US in the coming
yearscg A (i K & 3 NAwRen tidesblfeahrblégies éhd central powempure

economic termsslated to occur in the early part of the next decade.

As this occurs, utilities will face increased affordability pressure from customers and
regulators, thereby potentially driving dowetail power prices. In additiospme

GoSKAYR (KS YS{iSNE GSOKyt@geremtd Garemiser f £ RA NB C
power,includng combined heat and powand natural ga$ired fuel cells

Exhibit4 provides a closer look at the potential econoimipact on GDP and jobs.

10



EXHIBIF

Pennsylvania power and heating i important because it distributes
the benefit of low-cost gas across all Pennsylvanians

2015-25increase
Sources of gas

demand in PA GDP?! Jobs, # Gas demand
power and heating $ Billions Permanent?! Construction?2  Bcf Source of benefits to Pennsylvania
- - - 47% of production will be coming from gas,
Co_al togas Limited Limited Limited 150 cheaper to produce than coal
in power
~500K households in rural NW and NE
Fuel oil to gas . 3,500- Pennsylvania projected to switch from fuel
in heating 0.6-0.8 Limited 4,500 90 oil to gas will experience $1,500-
1,800/season savings
Distributed gas ‘ ‘ ‘ Reduce power and heating costs in some
i - - sectors (e.g., glass) due to avoidance of
in power and 0.3 200-300 500 10 ‘ (e.g., glass) due t :
Heating 0.4 1,500 grid-connected electricity costs (driven
(e.g., CHP3) | | ‘ ‘ by PIM)
4,000-
o = I e . 6'000 . 250

The primary benefit of expanded gas-fired power and heating is lower energy

bills hitting the household income of a broad base of Pennsylvanians

1 Assumes that coal to gas and fuel oil to gas GDP is offset by loss from existing fuel sources
2 Values are based on temporary construction

3 Other distributed gas include micro-grids, fuel cells

SOURCE: Expert interviews; team analysis

The main benefits of increased gaed power and heating artgvofold. Firstijt

improves household income for a wide swathe of Pennsylvanknsmst 60% of the
opportunity to switch todw-cost gas is focused on residential consumers. Seitend,
benefits can be felt near term, rather than waiting for new sectors to be attracted or
new inkerstate pipelines to be built. In additionpibvides a significant amount of
construction jobsas in many cases existing pipeline infrastructure must be extended to
new geographic aread central generating facilities will need to be constructed or
retrofitted. The caveat thesejobsare limited to the time it takes to construct the new
infrastructure

New clusters in sectors of the future

t Sy yaet Geosf aner@yaesdurdegcan be the engine of new growth sectors for
the state. The most powerful way to build that engine is to createpetitive
tradeable clusters, with two characisgtics.
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First,the clustersshould beanchored to energyntensive sectors which lowcost
energyc whether as electricity, heat, or feedstagkgenerates aneasurable and
meaningfulcompetitive advantage for companies in the sec®econdthe clusters
should use energintensive sectors apringboards to highialuesectors, which
harness other unique strengths of Pennsylvania and will position Pennsylvania for
sustained growth and competitiveness in the global economy of the future

We followed exactly this twofold logic to identify promising sectors and piece them
together into coherent clusters, as describe&xhibit 5

EXHIBI®

e Pennsylvania clusters i Catalyze sustained growth through
clusters anchored to energy-intensive sectors that are
springboards to high-value growth

() High-value

_ _ growth sectors
() Energy-intensive

anchor sectors
| Prioritize potential
growth sectors

Anchor clusters that build on

on sectors that energy-intensive
are energy anchor sectors
intensive, »

attractive, and Harness unique
viable in Pennsylvania
Pennsylvania strengths that create

sustained growth
over coming decades

To prioritize energyntensive anchor sectors, we used afiligprocesqExhibit6). We
started by looking at all 159 sectors of the US economy, as diéfynthe US

Department of Labor (se&ppendix Bor data on the subset surveyed by the US.EIA
From that list, we focused on the 20 most endrggnsive sectordyased ordata on
feedstock intensity, power intensigmndheating intensity.We then conducted a close
microeconomic analysis of those 20 sectors to determine which of them had the most
promise for Pennsylvania, based on the answer to two questions:

Yy Ingeneral, vill the sector have attractive economics for tiext 1020 year®

Yy CouldPennsylvania offer unique competitive advantages to win in the sector
(either domestically or global®)

12



EXHIBI®

Out of 159 sectors that comprise the U.S. economy, we

identified the 20 most energy-intensive sectors for

closer evaluation
"7 Discussion
"7 follows

T
AT TN
T T

ERTRRRRRAANANY

LU AN

Prioritized
sectors
(11 sectors)

All sectors in
U.S. economy
(159 sectors)

Energy
intensive
(20 sectors)

S]]

| [l
YO

| i

F T

f

Is the sector energy
intensive?

Does it make sense to grow it
in Pennsylvania?

1 Feedstock intensity 1 Market attractiveness

~ ~

I Power and heating I Pennsylvania competitiveness
intensity 000 mmmmmmmmmmmmm oo oo !

Close secteby-sector analysis suggests that 11 out of 20 enargnsive sectors merit
significant consideratiofor PennsylvanieExhibit7). There are clear patterns for what
distinguishes these sectors from the rest. They reflect some combin&adarge and
growing marketeither domestically or globally)igh margin potentiabrsome other
advantagehat would allow Pennsylvania to lead the market despite generally difficult
competition or tight marging typically, a regionalized structurdhere Pennsylvania is
located near keyegional markets and has existing commercial ties to those markets.

13



EXHIBIT

9 Promising sectors 1 out of 20 energy-intensive sectors, 11 stood

Qout for market attractiveness and Pennsylvania competitiveness

Global growth?®

Anchor sector

Ethane cracker/
PE units

PDH plants/
PP units

Ammonia
plants

CAGR 2015-25

21

>
IS

6.0

Post-2025
trends

Attractive
market

Large global market ($360B)
Large global market ($160B);
growth in Asia

Glass

Plastics (commodity
and specialty)

Fabricated materials
(e.g., machine shops)

Power /

heating

Aluminum

Inorganic chemicals -

Steel

0.4

pata centers _

inten-
sive Cement? - 26

$ 33 3 3 3 =50

4

Large future demand for data
access and manipulation

Diversified mkt; commodity and

tech products

Specialty products offer high
margins (~50%)

Large U.S. mkt ($140B); high
margin for specialty products

High
Moderate
I Limited/none

Can Pennsylvania be
competitive?

70% of PE mfg. w/in 300 mi; large

low cost ethane

Large, low-cost propane supply

Gas cost advantage critical post-
2025 in $65/bbl oil

20-30% electricity cost; sites
close to major urban centers

30% electricity cost; close to MW
auto and NE const. mkts.

Access to abundant Pennsylvania
feedstock supply

Prox. to NW auto and NE const.
demand centers

30% electricity cost; existing

industry with 45% NE supply

Inorganic chemicals are input for
other Pennsylvania sectors

30-40% electricity costs; prox. to
MW auto demand

Pennsylvania 2nd supplier in US
with large existing support hub

1 Product highly exportable, therefore, using global demand growth most applicable to evaluate market attractiveness; each CAGR refers to the end product

from the plant (e.g., 4.4% CAGR for polyethylene, 6.0% CAGR for polypropylene; 2.9% global CAGR for butadiene)

SOURCE: Expert interviews; Team analysis

2 Includes gypsum and lime

Sector 1Ethane cracker / polyethylene unitsK N2 dz3 K |
ethane can be used adeedstock to produce ethylene, which can then be turned into
polyethylene pellets for use in a variety of derivative chemical applicafidrese form

the basis for products that are important to our everyday lgvies example, packaging,

OKSYAO! f

hospital eqyyment, autos, pharmaceuticals, clothing, appliances, and.sdlwdobal

polyethylenemarket is large (~$300 billion todayjll grow ~45% per year for the next

10 years, and is expected to continue growing after that.

Pennsylvania is Wepositioned to compete. First,is proximate to key demand
markets: 70% of US downstream polyethylene manufacturing is ®@fimiles of

Pittsburgh. Second, Pennsylvanith have asurplusof ethane even after accounting for

a ONJI (

expectedexpansion othe Appalachido-Texas (ATEX) pipeline, which can be absorbed

by additional crackers in Pennsylvaighibit8).

[
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EXHIBIB

9 Marcellus and Utica shale are projected to produce surplus ethane,
Q which could be absorbed by additional cracking capacity

Depending on pipeline capacity expansions, there may be an excess of
105-245 kb/d of excess ethane production in 2018

kb/d
518
125 If additional export capacity on
"""" Pl— 50 ATEX is not added, there will be
"""" 78 a projected surplus of 245 kb/d
| 140
| IR
30
et A
2018 ATEX Mariner Mariner Shell ATEX Rejected Projected
projected existing East 1 West export  cracker additional ethane surplus ethane
production!  export Export capability to export production
capacity capacity Ontario capability
to gulf to Marcus to Gulf
Hook
facility?

1 Assume no increase in ethane production post 2018

2 Total export capacity on Mariner East 1 is expected to be70kbd, of which only 20kbd is projected to be ethane, the remaining
includes other NGLs including propane

SOURCE: Platts

Third, though ethylene / polyethylene can be produced using naphtha, a crude oll
product whoseprices move with oil prices, the cost advantage of the ethane route over

the naphtha route to ethylene production is large and resilient, even if oil prices stay low
(Exhibit 9.
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EXHIBI®

9 U.S. ethane-based ethylene retained its cost advantage over naphtha-
based ethylene despite decreases in oil price between 2013 and 2016

. North America FSU . Middle East . Korea / Taiwan / Japan
South America [l Europe SE Asia B china
Global ethylene cost curve example (plant gate)?
Cash cost @ 2013 ($109/bbl)3 Cash cost @ 2015 ($54/bbl)3 Cash cost @ 2016 ($30/bbl)3
$/ton $/ton $/ton
2,500 - $26.78 Ethane price 2,500 - $18.83 Ethane price 2,500 [ $15.50 Ethane price
$3.73 Henry Hub $2.90 Henry Hub $2.28 Henry Hub
2,000 |- Natural Gas 2,000 Natural Gas 2,000 |- Natural Gas
1,500 - - 1,500 - 1,500
Margin difference? between
1,000 1,000 |- Margin difference® 1,000
Margin difference3 between
U.S. vs China
500 -
0

0 50 100 150

Effective capacity!
MTA
Even if gas prices increases beyond $4/mmbtu, we still expect U.S. producers to retain

cost advantage at a low crude oil price market

1 Effective capacity assumes 93% of nameplate capacity 2 Based on weighted average cost

3 Plant gate costs; based on prices in US, WE, NEA, SEA, and ME netbacks (S. America costs based primarily on WE prices); eachcr ac ker 6 s
cost based on estimated feed mix, scale, byproduct recovery (e.g., extract vs sell CC4s), and estimated yield efficiency

3 Brent crude price

SOURCE: ICIS Italia, ICIS, CMAI, McKinsey cost curve models

Sector 2PDH plants / polypropylerunits Propane eéhydrogenation (PDH) uses

propane as a feedstock for-gurpose production of propylene, which is usually

procured as a byproduct of naphtha or propane cracking. The global propylene market

is large ($160 billion today), largely centegegd ! a A | @ t Svblyndepldwd I Y A | Q3
cost propane (~$3/mmbtu), making up ~25% of projected 2025 NGL production in the
region, would allow PDH plants to compigtehe global propylene markdespite

higher capexhanin the US Gulf Coai&triven bygreenfield investments ane25%

higher construction labor costs) ahijhertransportation costs versus producers in

Asia. But there is a wrinklegpylene margins have shrunk due to esapply. In turn,

PDH margins have compressed. There is an optiavever: polypropyleneg a

derivative of propylene has healthy margins and will likely remain robust. Integrated
PDH/polypropylene plants could give Pennsylvania an atgaotive to monetize its

propane.t Syyaeft gl yAl Qa LINE LIlowedough3okeep therégipn O2 & (i
competitive in polypropylene despite ov&urpply of propylene elsewhere.

Polypropylene production, in turn, can be the basis for a wide variety of plastics and

other products.
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Sector 3Ammonia plantsNatural gas (ethang can be used as a feedstock to produce
ammonia. The global ammonia market is large (~$200 billion), as is the US market. For

the next several years, the ammonia market will be-supplied. Moreover, Europa

oil-linked ammonia produceese no longer he marginal supplisig supply growth is

largely coming from lowgost sourcesge.g., Trinidad & Tobago, Middle Easignificantly

squeezing the margins available to US producet$% That said, the market is worth
considering for Pennsylvania. Af2&25, growth in global ammonia demand could

YI1S tSyyaetgdlyAl |YY2YAl LI} lc@niefectWwBidhE O2 Y 7T
would be reinforced if oil prés rise and sustain above ~$65 parrel Because

natural gas feedstock used to make ammasianked to oil prices outside the US, rising

oil prices push the foreign marginal producers of ammonia higher on the global cost

curve, giving Pennsylvaniaado® &G y I GdzNF f I+ & FSSRad201 | F
proximity to large Midwestern agricule markets that use fertilizer created from

ammonia offers a location advantage as well

Sector 4Datacenters5 G OSYGSNER gAff 0SO2YS AYyONBSI| a’
2F ¢KAy3Iaé ONBFGSa |y SELRYSYGALl fmuéhy Ay RI
of it in real time. The market will grow rapidhp (&6 per year through 2025)ith

certain segments likeesvice providers / hyperscalers (which saaleup flexibly with

data demangiseeing outsized growth (~9% per year through 2020 globally)

t Sy y ae pakhtiglto préviile bw-costretail and oftgrid electricitycanbe a

competitive differentiator, given that electricity constitutes3@o of total data center

costs. Thisenergyresource advantageould combingg A 1 K t Syyaet g yAl Qa
strength in the software services data centers need (e.g., advanced analytics, data
processingartificialintelligence)}o become a magnet for data center attractidkey

technology companies have already establishpeaence in the statde.g., SAP,

Google, Uber), which provides a starting point.

Sector 5GlassThe glass market is growing nationally and globally, propelled by the
construction, automotive, and electronics industries. This growth links teséeded
economic trends, whether the rise of consuming classes in emerging markets or the
need for new infastructure buildout in the OECBurther, the glass market has

variety ofsegmentsranging from commaodity flat glassrtmre advanced fiber and
specialty glasswith double or even triple the profitabilitgne can be a springboard to
the other. Penr@ @ f @ y A | Q@ provid#fol-Sogtietailleléctricitycan offeran
advantageas electricity accounts for ~30% of total glass production costs.
Alternatively, Pennsylvania glass manufacturing plants could make use of CHP given
their heat requirementsin addition Pennsylvania has a regional advantage. The glass
marketis highly localized due to product fragility athe difficulties of transpdation.
Pennsylvania is proximate to key glass markets: automotive in thied8st

construction in the US northeast.

Sector 6Plastics (commodity and spec@lThe US market for specialty plastics and
resins is fairly large ($B billion),andit boasts large margins (~20%).
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Moreover,growth in specialty plastics is projected to outpace GDP growth as demand
for these products grows in Asianarkets Asiamust inport many specialty plastickie

to lagging technologthat constraingheir ability to manufactureloser tohome
Pennsylvania has multiple advantages to help it compéts, Pennsylvania has ample
feedstock supply of polyethylene and polypropylene locally, particularly aft&htie
ethylene /polyethylene capacity comeslme. This means low feedstock transport
costs. Secondlennsylvanialready has a plastics industry: it is the 5th largest state
producerof plastican the US, reflecting 5% of the total US plastics market and 40% of
the northeast plastics market. Tdhjif low-cost electricitycan be provided, it would
advantage energintensive plastics manufacturing processes

Sector 7Fabricated materials (e.g., machine shogabricated materials comprise a

$140 billion market in the US, with high marginssfoecialty segment€Both general

and precision fabrication of metals and plastics are expected to grow through 2025

(2.5% and 8% per year, respectivePennsylvania fabricated materials sector would

benefit moderately from loveost electricity, buthiat advantage combines witther
Pennsylvania strengthBor one, the&da SO0 2 NJ FAGa 6Sff gAGK tSyya
LI I OS F2NJ aidSSt> YSiOlFItg2N]lZ FYyR WodzZAf RAY3
already the 8 largest state supplier of falbated materials, with 5% of US output and

30% of northeast outputlt will be hard for Pennsylvania to compete on the global

market, but the statenjoys a location advantagethe domestic US markedituated

neartwo demand zones: manufacturing in thiédwest(including autorotive) and

construction in the artheast

Sector 8Cement The cement market is highly regionalized due to transportation costs
¢ therefore,the US markeis what matters to Pennsylvania. In the near tdhere is
sufficientcement supply to meet US demanBy 2025, howevedemand growth will
require new plants to come online. Pennsylvania is advantggtiee potential fofow-

cost power (electricitysi~30% of total operating cost) amglits existing basef cement
manufacturing(Pennsylvania is the 4th largest state supplier of cement, with 5% of US
output and 45% of northeast output). Further, the regionalized market insulates
northeast producers frofow-cost countrycompetition.

Sector 9: Inorganic chemicalhe in@ganic chemicals market is moderately attractive

for Pennsylvanijebut small (~$3B US market). Caustic soda and chlorine comprise ~70%
of the inorganic market, while the rest is spread between highly diversified acids and
other products. US inorganiceshicals growth is projected to be ~2% through 2025.
Inorganic chemicals used in consumer and industrial products (e.g., cleaning products,
solvents, etc.) could supply manufacturing in the northeast.

Sector 10Aluminum The aluminum market is modeedy &tractive for Pennsylvania
Chinese demangrowth has declined precipitously (from 17% to 86 yearoverthe

last 6 years), though the decline could be offset by demand growth in India, Southeast
Asia, and Africa in the coming years.
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Moreover, the longerm cost curve is flattening due émcelerated usef recycled
aluminum, putting pressure on margins. That said, Pennsylvaniasstuagt#d to be a
competitor, at least in the US marketlectricity comprises 300%% of total opetang

cost; Pennsylvania is already the 5th largest aluminum producing state, with an existing
metal craft industry; and it is close to thedwestauto manufacturing hub, whichtise
largest driver of US aluminum demaig well as to Northeast urban aseehich may

see considerable growth @onstruction (the next largest driver of aluminum demand)

Sector 11Steel The steel market story is a mixed bag. Like aluminum, Chinese demand
growthhas declined (from 18% to G%r yearover the last 8 years)hough new

demand could come from India, Southeast Asia, and Africa. Like aluminum, the supply
cost curve will flatten due to the rise of lawstdirect reduced iron / electric arc

furnace DRI/EAFMini-mill capacity As it flattens, marginal producergor example,

USmills with high labor costs versus competing parts of the wonlil face tighter and
tighter margins. That saiBennsylvania has obvious advantagdselpits steel
manufacturingsurvive the comgtition ¢ not only its potentially loveost energy, but

alsoits long experience isteel Pennsylvanigemains the #2 producing state in
Americaand boasts a highly capable talent pool.

The remaining 9 energgtensive sectors were darioritized due tceither difficult
markets, limited sources of Pennsylvania advantage, or BxHhib(t10).
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EXHIBITO

QChaIIenging sectors i 9 of 20 sectors were de-prioritized due to ‘
Q challenging markets or Pennsylvania competitive disadvantages e

I Limited/none

Global growth? Post 2025 Attractive Can Pennsylvania
Sector CAGR 2015-25 trends market be competitive?

Low cost gas but high

‘ High growth mostly in
transport cost to China

Methanol plants China; proj. US oversupply

Low demand growth;
plentiful naphtha-based
suppl

Hard to compet
naphtha-based butadiene

BDH plants

Pennsylvania 4th largest
supplier, but mkt small
~$270M

Pennsylvania 2nd largest
supplier; but end markets
dispersed

Brick and
structural clay

Small U.S. mkt (~$4B) with
commoditized products

Potential demand growth

Nonferros metals from emerging countries

Long-term demand decline
due to synthetic materials

Production may shift over
time to raw resource centers

Wood products

Power /

heating
inten-
sive

Digital displacing paper Production may shift over
Paper publications (~31% to-date) [l time to raw resource centers
Long-term demand drop
from fuel emissions and
efficiency std.

Close to major NE markets
for refined products

Petroleum and
coal products

Pennsylvania less comp. due
to labor cost and dispersed
pop.

Tight margins as developing
countries produce more

Food processing
and production

$ @€ «¢ « § 3 3}

- Sl sraius. mia-ssey Bo0T L on
Textile mills -1.7 production shift to LCC U >

global mkt

1 Product highly exportable, therefore, using global demand growth most applicable to evaluate market attractiveness; each CAGR refers to the
end product from the plant (e.g., 4.4% CAGR for polyethylene, 6.0% CAGR for polypropylene; 2.9% global CAGR for butadiene)

SOURCE: Expert interviews; Team analysis

Thismicro-economic analysis providaslear view of energytensive anchosectorsto
prioritize.

The next step in thiagic of cluster development is to identify the otfEannsylvania
strengths that, ied to energyintensiveanchor sectorgprovide a pringboard to high
value growtt® @I X 945 I NP grawk i sedt@d thatare not commoditized
that hinge ontechnological sophisticatidhat is hard toreplicate andthat ride major
economic trends in the 24century economyround computingndphysical materials
innovation

t Syyaet glryAlQa Ayy20FaA2y |
of the most exciting growtareas in the US and
global economy of the #Tentury




The first place to loolor strengthss where Pennsylvania has intellectual and

innovation leadership in technologies or practices that connect with major trends in the
economy. Exhibitl1indicates several areas of leadershipiniversities across the

state. Pennsylvania has some of the &mademigesearch programs in the country in
robotics, artificial intelligence, and materials science and nanotechnabgh align to
highvalue gowth sectors Moreover,as shown ifExhibit 12Pennsylvanig ranked

among the top producers aicademic and corporaggatents in theUS forpractical
applications of this research, across computing and electronics products, chemicals,
machinery, faricated metals, and plasticahich align to the energntensive anchor
sectors

EXHIBIT1

QTO build clusters around energy-intensive anchors, Pennsylvania can
@draw on its research leadership in high-value sectors of the future (1/2)

Leading academic programs in key disciplines i artificial intelligence, robotics,
electronics, materials, nanotechnology, additive manufacturing

T CMU School of Computer Science ranked #1 in U.S. i research in computing, Al

Carnegie : . . . .
Mellon machine translation, human computer interaction, and robotics
University T #2 U.S. programs in Al

1 Scott Institute for Energy Innovation develops smart grids, new materials for energy
and shale gas, etc.

%%‘*Penn T Dept. of Material Science and Engineering ranked top 5in U.S.

. T Center for Advanced Materials & Nanotechnology research in metals processing,
BLEHIGH  glass synthesis/processing for biomedical and optical computing applications, materials
for additive mfg.

T #1 in US in materials research
'3 PennState . .
I #8 in US computer science research

1 Top US research program in chemistry, nanoscience and technology i
developing anti-icing coating, semiconductors, etc.

1 Including corporate and academic R&D patent activity
SOURCE: US Patent and Trademark Office; press search
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EXHIBIT2

@To build clusters around energy-intensive anchors, Pennsylvania can
@draw on its research leadership in high-value sectors of the future (2/2)

Leading intellectual property development in key sectors

Share of total Pennsylvania patents?, 2008-12 PA Ranking
Computer and Electronic Products _ 32.8% 14
chemicals [ NG >0 4
Machinery | 10.9% 8
Electrical equn;ere]r&t,(:%;r)ﬁglgr?gﬁtss, D o 5% 4
Miscellaneous Manufacturing _8.8% 11
Fabricated Metal Products _5.4% 8
Plastics and Rubber Products - 3.9% 6
Transportation Equipment 2.6%
Nonmetallic Mineral Products 1.9%

Textiles, Apparel and Leather = 1.1%
Primary Metal = 0.6%
Furniture and Related Products = 0.6%
Paper, Printing and support activities = 0.4%
Wood Products = 0.4%
Food 0.2%

Beverage and Tobacco Products 0.1%

1 Including corporate and academic R&D patent activity
SOURCE: US Patent and Trademark Office; press search

All of these areas of intellectual leadership can be a springboard to build on

t Sy y aeé indistiallbas@ror examplePennsylvania hasstablishedsectors in
metals, cement, and plastics product manufacturiitg ability to innovate in materials
could be the basis for growing irttee nextgenerationversion of these materialdts
experencein manufacturing metals products could feetbiburgeoning robotic
machiningsectors.

Moreovert Sy yaet g yAl Qa Ayy 2th someofthefn®st RS NB K A LJ
excitinggrowth areas in the US and global economy of thiec2htury. For example,

the robotics market is expected to grow 13% per \Exhibitl3), and robots are

starting to be integrated into every part of the economy, from automotivedd fo

production and processing.
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EXHIBIT3

9 Historical and expected growth in the robotics market

@ = Operational Stock

Annual sales

Historical and expected growth
Global annual sale and operational stock (installed base)

1,000s Units
450 2,600
400 | Growth has already taken off from 2,400
2013 to 2015 and is expected to keep 2,200
350 - growing, the global robotic systems 3 2000
market was estimated at $35B in 2015 1800
300 - !
1,600
250 + 1,400
200 + 1,200
1,000
150 - 800
100 - 600
50 400
I 200
0 0
N~ [ce) [«2] o - N ™ < o © ~ [ce) [*2] o — N ™ < Lo} © N~ [ee] ()]
[2] [e2] (o] o o o o o o o o o o — - — — - — - — — —
(o] )] )] o o o o o o o o o o o o o o o o o o o o
— — - N N N N N o N N N N o N N N N N N N N N
Actual Estimates/
forecasts

SOURCE: IFR World Robotics 2016, McKinsey analysis

Similarly, artificiahtelligence is attracting huge investment growixljibit #), as it is
being applied across a wide range of sectors to improveldetad decision making
(e.g., predictive maintenance supported bgahnine learning algorithms) and
productivity (e.g.robotic process automation). In turn, iiMoe one of the main drivers
of data and server growth over the next 5 years.
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EXHIBIT4

gArtificiaI intelligence R&D and funding continue to grow

B

Al-related patent publications
Number of patents

Fund raising of Al-focused companies?
USD millions

Increasingly active investment and product R&D accelerate

7,520 2177 2,388
6,820
6,390 6,600
5,330 - 415 757
= = I
2011 12 13 14 2015 2011 12 13 14 2015
Al M&A deals? Al equity funding deals3
Number of deals 36 Number of deals 397
st 307
196
14 131
i = 2 N
mmn BN [
2011 12 13 14 2015 2011 12 13 14 2015

the growth of Al market over the past 5 years

1 M&A deals involving companies developing core Al algorithms as well as those applying Al solutions to specific industries like healthcare

and cybersecurity

2 Equity funding dollars of Al-focused companies, including all equity funding rounds and convertible notes3
3 Equity funding deals of Al-focused companies, including all equity funding rounds and convertible notes

SOURCE: CB Insights, Google patent

Additive manufacturingr 3D printingd 4 KA OK St AYA Yl (1Sa&

YI G§SNML §

3D djects precisely to design) will be a small maoket$10 billiorgloballyby 2025
but 3D-printed componentsvill be a ubiquitous feature of the manufacturing economy
¢ supporting $120 to 300 billion in products sold by 2(E&ibit B).
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EXHIBITS5

9 The global additive manufacturing market could reach ~$10 billion by
@ 2020, leading to ~$120-300 billion in economic impact

The primary global market for 3D printing could reach é but the total expected v
~$10B by 2020¢é products and services is significant

Direct 3D printing market Economic impact (value of products and services)
Revenues from materials, equipment, services Value of products sold

Total direct 3D printing market size, 2020 USD billions l Most relevant
~USD 10 billion

120-300 30-80

/

Services

- 30-80 g
produt(:(teigﬁ’ Materials I CAGR
service) (e.g., powder,
LA alloys) 7"725150
20-60
R
10-20
IR 5-10
. |
T 3 F & 835 T 2
' g £ g35 £ ¢
(e 3DEF(>]| l'“pmenft' R % 3 g 288 B8 5
.. rinters, firmware) 2 g P 38 2
O <:( 2 ] % =

SOURCE: Wohlers Associates; IDC, Marketsandmarkets, McKinsey research and expert interviews

Thesepromising growth areasan beadvantaged bjow-cost energy, both directly and

indirectly. Forexamplet Sy y a et gl y A lclieap elediditfifyealixdd,fcourd 2 NJ
givethe stateadirectcompetitive advantage in materials production, whjaombined

with Pennsylvania materials innovatipallows for unpredictable and potentially

transformative business opportunitieEconomicaandreliableelectricity also supports
data-hungry pursuitsike robotics andrtificial intelligencewhich will produce

increasingly voluminous amounts of data that must be managed in reanitngtored

in energydemanding data centersProcessing power requirekectricpower¢ and

reliable, lowcostelectt®© L2 6 SNJ Oy 06S Syl of SR o6& tSyyae
gas.
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Pennsylvania has an opportunity to build
three uniqueslusters that would position
the stateto be a leader in the 21st century
manufacturing economy.

Perhaps morémportant are the indirect but real¢ benefits oflow-cost energy.These

indirect benefits create interdependencies between enanggnsive anchor sectors

and highvalue growth sectorsForexample, fot Sy yaet @ yAl Qa NRo2GAO
intelligence sectors tblossom theywill need sales markets that allow them to test new
products, experiment, angrow to efficient scaleA growing Pennsylvania chemicals

sector wouldbe such amarket,given the significant automation potentialadhemicals
manufacturing Exhibitl6) ¢ and a growig Pennsylvania chemicals seaepends on

low-cost energy to make it a competitor.

EXHIBIT6

QTwo—thirds of activities in the U.S. chemicals sector are open to
@automation, representing almost ~$30B potential (~37% in plastics)

Automation potential of Chemicals subsectors in the U.S.

FTE weighted percent of technically automa- Total savings
tablet activities by Chemicals subsectors potential by industry
Percent | USS$ billions

10

Plastics
A63% of Chemicals

activities are
2 technically
automatable

A$27B total savings

<1 potential across all
subsectors
APlastics
3 manufacturing

represents 37% of
1 the total savings at
53: 1 $10B
1

A
us Chemicals
avg = 44 avg = 63

1 We define automation potential by the work activities that can be automated by adapting currently demonstrated technology
SOURCE: BLS 2014, O*NET, McKinsey GEM automation database; McKinsey analysis
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Afterfollowing this logicwe can piece together coherent, enerdvenecoromic
clusters for Pennsylvani®ennsylvania has an opporturtitybuild three unique
clusters: Petrochemicals, Advanced Materials, and-Diawan Automated
Manufacturing Exhibitl7).

EXHIBIT7

9 Based on the analysis, Pennsylvania should focus on developing three
energy-based clusters that enable leadership in future high-value sectors

o Energy-intensive e High-value growth sectors

anchor sectors |

Potential economic clusters I

Petrochemicals Y Ethane cracking/ 1 Specialty plastics (e.g., foam,

Build chemicals value chain L "
surfactants, drilling additives
through specialty plastics to Polyethylene 9 )

: Y 1 Extruders
serve U.S. manufacturing, I PDH ) - ind lasti
G| AT () SEE plants/Polypropylene I' Auto industry plastic
Midwest agriculture 1 Ammonia plants components
1 Inorganic chemicals

Advanced

L Expand existing 1 Glass 1 Advanced glass (e.g.,
Materials

Pennsylvania infrastructure T Cement electronics and fiber optics)

and production capacity to 1 Steel )) T Advanced construction

capture next wave of T Aluminum material (e.g., lightweight
regional infrastructure concrete, nanofiber)

buildout

Data-Driven v - .
Automated Commercialize P ! Data centersl )) I Robotics

Manufacturing  innovation in analytics, Al 1 Fabricated materials 1 Artificial intelligence
and robotics to supply the (e.g., machine shops) 1 Additive manufacturing (plus

r;@ next generation of the other Clusters as local
Sl_’ manufacturing markets for scale)

1 Enabler for advanced mfg. tech growth (e.g., IOT, Al, additive manufacturing); proximity may matter as
data becomes more closely linked with mfg. operations

Each of these clusteasnchors to attractive, viable energytensive sectors, combines
them with areas where Pennsylvania is an innovator, and results in positioning
Pennsylvania to be a leader in thé'2&ntury manufacturing economy.

ThePetrochemicals clustdinges on thédea that Pennsylvania can harness-€ost

feedstock to compete in several chemicals marketstaits by establishing the
foundationalelementsof largechemicals production chaige.g., polyethylene,

polypropylene, ammonia). Thesemary petrochemicalgrovide a springboartb

manufacturing avide varietyof plasticsand chemicalproductsthat feed into large

consumer sectors: for example, foams that go into mattresses and cushion covers, or
surfactants that go into cleaning ligs and are used for carrepir t Syyaeft @l yAl
competitiveness in these markets would be founded on its upfront feedstock advantage.
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A Pennsylvanigetrochemicallusterwould notaim for equivalencwith the US Gulf
Coasttomplex which is hugdajiverse,well-established, and endowed with lexost
feedstock as wellBut Pennsylvania is wptisitioned for regional market leadership,
taking advantage of its proximity ttee northeast andidwest to supplynanufacturing
markets (specialty plastics),tamotive (automotive plastics), and agricultural markets
(ammonia)

TheAdvanced Materials clustaould position Pennsylvania to béeadingsupplier to

the next wave of infrastructure growth in the US.has been widely notéd ! YSNA Ol Qa
roads, bridges, buildings, and other physical steeld substantial reinvestmengtan

investment gap of $2 trillion over }@ars according to the American Society of Civil

Engineers (ASCBYuch of the new infrastructure will rely dmasicmaterials like glass,

cement, and steel, but much will also begin to use advanced versions of materials that

are cheaper, lighter, more adaptive, and more environmentally friéadjy, carbon

fiber, fiber glass and specialty glagghtweight concreteglinker substitutespanotubes

/ nanofiber, graphene) Pennsylvania can lead both segments.

The cluster would start by supplying traditigrissiamaterials for the initial wave of
construction, which enjoy a competitive advantage fromdoat power dring the

production process. In this first phase, Pennsylvania materials companies would expand
their customer relationshipscross the infrastructure space, and deepen tmsheir

capabilities The relationships and reputation developed in thisquewill create

natural pathways for Pennsylvania to supply higher vadigeed materials productike

advanced glass, fiber optics, and advanced construction matefia¢sedvanced

LINE RdzOG & ¢ 2 dzf R 3 NPresealiiade?sHip in ntatenya@ienced | y A I Q&
which would need to be commercialized.

Like the Petrochemicals cluster, the Advanced Materials cluster will benefit initially from
a regional focus, supplying construction growtkhe densely populated urban
northeast.

TheDataDriven Automated Manufacturing clustgould make Pennsylvania a
O2YYSNODALFE €SIFRSNI AY daY!l {ThischHstehiisto § KAy 3a
O2YYSNOAFTfATS t Syyaeft Coyphtér cience add rébstiesh O £ S|
which ae central to the trend toward automationadgdL Yy G SNy S0 2F ¢KAy3aé
expected to sweep manufacturiggand scale it up to supply the US ayhobal

manufacturing market.

K
:

t Syyaeft Gtost danergyas inip@rtént to create this cluster and make it
compditive, in two ways. Ft, some basic enableos$ the clusterequire a significant
amount of electricity for example, materials fabrication (to create the products that

will go into manufacturing plants) and data centers and processing (to handle the
exponentiation of data involved in artificial intelligence, remote sensing, and automated
response.
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Granted, data centers do not need to be physically proximate to where the data is
producedc but in the early days of standing up the industry, it vilhblpful to anchor
these facilities to Pennsylvania and have them specialize in serving the needs of

t Syyaet gt yal Qa s$eood WA dytaprobeRsing algarithensctaildred for
the type and pace of data access required).

More importantly the other clusterg particularly the Petrochemicals clusteprovide
an initial market for a nascent robotics/Al sectés noted abovehemicals
manufacturing has many operations that will move tovartbmation. The Data
Driven Automated Manufactumgy cluster can supply the emerging Petrochemicals
cluster, which would be a reliabf@mol ofdemand to build a robotics / Al supply chain
aroundc allowing theclusterto scale up faster, reduce costs, and accelerate
commercial innovationln doing so, th clusterwould be positioned to lead nationally,
if not globally.

Creating this cluster will require careful implementation. Timing and the interplay with
other clusters obviously mattsignificantly. Moreoveif automation technologies are
deployed m-state, the priority should be on plants thatouldalreadybe slated to use

such technologiegherever they are builivhich helps ensure Pennsylvania does not
forgo jobs it could have createdstate.

Gas exports

Pennsylvania has a vast amount of gas and NGLs looking for an outlet; htmlayer,

there is littlegasdemandgrowth within the state and limited pipeline capacity to move

the gasoutofta state. Asaa dzf G t Syyaeft gl yAdagablity 32 € dzY Ay 3
must competdor a very finite pool oflemand, which means that gas@d at a steep
discount(Exhibit18).
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EXHIBIT8

©@Pennsyl vani a atsignicart discant® o | d

other markets (averaging $1.25-2.15/mmbtu) given B Loca makets
. . R incl. s
export pipeline constraints | Resona
export markets
[ National
WTD average index price at pricing hubs export markets

$/mmbtu, average Nov. 2015- Oct. 2016

TETCO
M2 Oversupplied Pennsylvania
TETCO gas sells at a steep
M3 discount to other regions
@ N onl o A Local demand is not large
Chicago @ Ci?ygaqtes zsoulgh to absorb the
Citygates 2.1 gD & (Boston) ) L
@_ A Limited export capacity
Transco creates intense
Z6 (NY) competition to get gas
volumes on pipe

@ Dominion
—L South

Transco Z5 (N./S.
Henry Hub carolina)

2317

1TCO, alocal pricing hub trades that higher than other local hubs because it is a bottleneck point largely supplying the Gulf and South
SOURCE: Energy Velocity, from InterContinental Exchange (ICE); Pipeline tariffs and maps

These discounts have forced Pennsylvgagproducers, in many cases, to either

produce at cash coste., little to no return on large capital investmertasjeave

resources shut into thground To make the gas economical to prodonea

sustainable and growing bagid & gas companieseed access to oubf-state markets

¢ which widens the pool of demand that can absorb Pennsylvangugplky. Such

access would alleviate significant investment risk for oil & gas companies to increase gas
production.

Put differently, Pennsylvanians will see the benefits oclost gas at home only if the
statecansupplymore gas to other regionAsExhibit3 showsthe cluster development
strategieshy themselvesadd~1 tcf in gas demand, which will not ragses pices

enough tosustainproductiongrowth ¢ exportto out-of-state markets isrucial. Exports

are unlikely to raise pricesko f S@St GKIFG g2dz R AYLI ANJI t
cost competitiveness or hurt consumers, sitheestatehasat least30 yel NB Q ¢ 2 NI
low-cost gas reserves.

SYyy
K 2
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In principle, Pennsylvania cogjdinaccesgo out-of-state gas markets two ways:

pipelines over land to other US regions or liquefied natural gas (LNG) over water to Asia
or Europe. In practice, only pipelimaake economic sengsgPennsylvania would face
difficulty competing in LNE&xports to foreign markets

Eleverexportpipelineexpansions have been announced. By 2025, these expansions
will allow for 75% growth in gas export capability, as summariZxhibit 19 The

most critical pipelines are Transco, Texas Eastern, Columbia Gulf, and PennEast (UGI)
these supply the North and South regions, which will comprise ~60 gdis export
volumein 2025¢ as well as Rover, which supplies the East Namitr&l area including
Michigan Exhibit20).

EXHIBITY

9 List of major gas pipeline expansions out of Pennsylvania

Planned pipeline export capacity additions23 out of Appalachian basin

Planned
capacity New capacity or Expected
addition expansion on completion
Bcf existing capacity year
Columbia Gulf 548 New 2017
Rex 292 New 2017
Empire 183 New 2017,
Texas Gas 146 New 2017
Transco 621 New 2018
Texas Eastern (Gulf) 256 New 2018
Texas Eastern (South) 219 New 2014
Rover 730 Expansion 2019
Nexus 329 Expansion 2019
Mountain Valley 584 Expansion 2024
Atlantic Coast 438 Expansion 2024
Total planned expansior|s 4,344
2016 existing capacity 3,030
Total capacity after 2020 7,373

1 Capacity projections assume 100% pipeline utilization; actual export likely to range 70-90% depending on the pipeline; new
pipeline capacity discounted to 60-80% of reported capacity given uncertainly in new pipeline builds that are still 2-3 years out

2 Export capacity does not include supply to the northeast and midatlantic markets, these are considered regional markets

3 New pipeline capacity is risked for delays in pipeline completion timeline and capacity (assumed 60-80% of currently reported
pipeline capacity on new pipelines)

SOURCE: EIA, FERC, Platts, Bentek, SNL, company websites, investor presentations, trade press
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EXHIBIZ20

Expected export pipelines will enable 75% growth in

Pennsylvania gas production by 2025, ensuring economic ["! Expansions
viability to bring the resource outofthegr ound ¢é W Existing
North South Midwest Export
N.East/Mid = South East South West South East North West North ~ Gulf Coast Canada
Atlantict Atlantic Atlantic Atlantic Central Central LNG Ontario
Ny i i
A ‘b .' 25.2

Natural gas end
markets demand,
Tcf, 2025 7.1

3.9
85 8.6 1.6 17 1.7 1.0

Total pipeline } 36
capacity out of [

Pennsylvania, e i . ‘ ‘
Tcf, 2025 . R
: - -0.2: R 04 10,425

A~60% of export demand driven by
expansions to North and South regions
Acritical pipelines that drive this expansion

include Transco, Texas Eastern, Columbia
Gulf, PennEast (UGI), Rover

~75% increase in
gas export by 2025

1 Also includes Ohio, but excludes Pennsylvania

2 Netback pricing analysis done for one representative market within the South and Midwest and extrapolated to other markets in that region

3 Algonquin AIM Expansion & Constitution Pipeline included in existing capacity; 0.9 Tcf of expansions out of Pennsylvania on Columbia Gas Transmission,
Dominion Transmission, TETCO, UGI Energy Services, Transcontinental Gas Pipeline ; only announced/approved projected included in expansions
(likely additional expansions to fully supply NE/Mid-Atlantic demand from Appalachian

SOURCE: EIA, FERC, Platts, Bentek, SNL, company websites, investor presentations, trade press

Although capacity expansions have been announced, their implementation is not
inevitable. Interstate pipeline projects am@mmonly beset by delays and sometimes
rollbacks, whether driven by financing gaps, construction challenges, or stakeholder
concerns.

In theory,Pennsylvania LNi& an option. ltvould have theadvantage of loveost
natural gas feed for liquefactiorinpractice, however, Pennsylvamvauld need to
build greenfield (new) liquefaction facilities and pipeline figses from scratchl'o win
Asian LNG markets, Pennsylvania LNG would have to compete with lower cost
competitors: US Gulf Coast LNG (which avevbfield facilities) antiVesternCanadian
and Australian facilities (which areich closeto marke). To win European LNG
markets, Pennsylvania LNG would have to competeMvdtiie East and African LNG,
whicharemuch lower costAlthough nearby Maryland advancing Cove Point LNG,
that facility has the advantage of brownfield economics.
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Pbb{, [ ! bLTHSAND CHALW ENAES

Defining economic development strategies requires careful analysis andbuigivis

only the first g2p. Strategiesnust be put into action. Succédsactionrequires taking

I ROIFyidr3aS 2F tSyyaetglyalQa SEAalGAYy3T &
FOdG +ta oFNNASNE 2NJ RStlea (2 | OKAS@Ay3
resouce.

ltisusefultouséved f SyaSa¢ 2F SO2y2YAO RS@St2LIVSy
starting pointtoday (Exhibit21). Thesdivelenses have proved important across a wide

range of economic development efforts in the US and gloa#dlyelopmenstrategies

succeed whethey are underpinned by initiatives to ensure health acro$walenses.

i NBy
0 K&

EXHIBIZ1

Five lenses to assess economic competitiveness

1 Concentrations of T Talent production,
industries, functions, attraction, retention
firms, and occupations 1 Matching of talent to jobs

@ @ 1 Coverage, cost and

Physicaland effectiveness of core
Virtual Ereeomic Human infrastructure (e.g.,
Infrastructure Sectors Capital transportation, energy,

broadband)

1 Government efficiency

and efficacy, including regional
- cooperation

Innovation and 1 Business and institutional
Entrepreneurship environment

1 Tax value proposition

Enablers

Governance and
Business Climate

1 Innovation performance
I Entrepreneurial ecosystem

SOURCE: McKinsey Economic Development Service Line

Bhibit223 dzY Y NAT S& t Syyaet dryAiAlQa Yz2ald al tASyl
considered througlthese lenses.
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EXHIBIZ2

Pennsylvania's competitive strengths and potential challenges

Competitive strengths Potential challenges
" Warld-clazs energy resource & Saeclors that are both speciallzed and
e * Pennsylvania highly specialzed vs, rest of tradeable are expected to grow less
e the country in several key sectors: metal than national average GDP growth
fabrication, chemical and metal threugh 2025

manufacturing

¢ |arge under-utilized manufacturing and * Engineering talent migrating outside

construction workforce pools (ie., 45 the state (e g., 50-75% CMU and UPann
50k wnemployed each) engineernng graduates leave the state)
* Large engine of STEM talent pool * Labor costs higher than other states
[(~18% of PA graduates are STEM) {e.g., construction labor +25% vs. TX)
* Academic R&D leadership (2.9.. CMU #1 = Lacking incubators and early stage
Innovation . in computer science, UPenn fop Sin capital {e.g., PA ranks 20th in the natior
and entrepre- I: h material science) in VI investments)
neurship \ = Proven ability o grow businesses (g.g,, = Relatively low collaboration between
FA #7 for bugsiness survival after 10 vears) universities and companies
v Strong legacy infrastructure, including = [nsufficient gas LDC infrastructure
Physical and f":T',‘:- rail, poris and highways coverage to reach small businesses
virtual infra- } v =240 existing brownfield sites, of which and residential demand (e.g., PA North-
structure M ~20 able to host larger ethane crackers ar East region lacking coverage to
ather petrochemical facilities industrial brownfield sites)
= Existing state support for the = P& power costs higher than some
GoVernanos  m ™ development of the petrochemical competing states despite low-cost gas
and business [: industry (e.g., existing feedstock = Longer regulatory approval process
climate C incentive for ethane cracking) va, competing stales

= [ncentive programs not well-utilized

Economic sectors

Pennsylvania hosts a diversity of economic seatwany of whictboasthigher
specialization thaim other US stateg whichis a proxy foii KS RS3INBS 2 7F
incumbency and hartb-replicate experience in those sectohough some of

t Sy y ae tragitiofiaksecfillike heavy manufacturingre seeingower growth

than the US averag® even decliningservice sectorg healthcare, financial services,
and educatiorg are large, growing, and starting to fill the gephibit23).
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EXHIBIZ3

% Pennsylvania economic sectors i by type

Pennsylvania GDP growth CAGR, 2015-2025 . Education . Energy . Finance and . Health . Manu- Other O Size represents
Percent and Insurance care facturing 2015 GDP
Social
9.0
8.0 | Merchant wholesalers; durable goods
7.0 I Publishing industries (except internet) \ Ambulatory health care services
Investment funds
6.0 - |
j°) |
50 ) |
Hospitals |
4.0 + \ . “ .
\ Warehousing and storage
us 301 . )
GDP Educational services
Growth >20 T
Rate 1.0 | Real estate .[\lﬁqrsigg and residential care facilities
\\\
or i — Q Primary metal manufacturing
Oil and gas extraction \ AN
-1.0 + - AN
g y | \O@ N
201 Real estate agents and brokers® ~ ! | \ . N .
-2. _Machinery manufacturing Fabricated metal product manufacturing o
3.0+ g Utilities
- o - Chemical manufacturin
40| Credit intermediation and related activities o 9
-5.0 Food manufacturing
T .
-10. L L L L L L L L L L L L L L L L n n n n n n n n
01 0 01 02 03 04 05 06 0.7 08 09 10 11 12 13 14 15 16 1.7 18 19 20 21 22 23 24
Industry specialization as compared to US overall (LQ)
Note: Location Quotient(LQ) i s measured as the ratio of an employmentods share of .01
as a whole.
SOURCE: Moodyodés Analytics, US Bureau of Labor Statistics

Thatsaigh y G 2 R | @adyioft (SYNFaRT G YAl Qa

KAIKSNI INR S

sectors ae non-tradeableg for examplelocal healthcare, loc@rofessional services
and storagdExhibit24). Their potential for value creation is largely limited to what can

be generatecand consumeadvithin the state.
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EXHIBI24

@ Pennsylvania economic sectors i by specialization and tradability

Pennsylvania GDP growth CAGR, 2015-2025 Non-specialized [l Specialized i non tradable  [ll| Specializedi tradable O Size represents 2015 GDP
Percent 17| Specialized sectors
9.0
: Ambulatory health
801 ) care serV|ces
Insurance carriers
7.0 - !
1
6.0 - !
Computer systems design 1
50+ i .
and related services U: fies | Flnanmal brokers Warehousing and storage
tili
4.0 Hospitals o
: ‘ Investment funds
us 3.0 Real estate .
GDP Professmnal services
—»2.0+
Growth ) v  Fabricated metal product manufacturing
Rate 100 Food servicesand
: drinking places | / ~ o Electrical equipment
oL Local government A '(? ; ~. Nursmg Primary metal
/1o a. Chemlcal manufacturing
10 X /1 " manufacturing Plastlcs and rubber
- ! o
a0 Real estate agents - ) IFOOdf t g\ products manufacturing
-2.0 / manufacturing
and brokers Machinery : Petroleum and
-3.0 - manufacturing coal products
1 . manufacturing
-4.0 - I
1
-5.0 + !
1
T L Support act|V|t|es for mlnlng
-10.0 . . . . . . . L . i —
01 0 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 1.7 18 19 20 21 22 23 24
Industry specialization as compared to US overall (LQ)
Note: Location Quotient(LQ) i s measured as the ratio of an employmentés share of .01
as a whole.

SOURCE: Moodyds Analytics, US Bureau of Labor Statistics

2 A0K2dzi FOdA2Yy S t Sy yawhith@anyulinQdue fioMdhRSI| 6t S
whole worldg and thereforet Sy y a & bwdrhllyedoho@will struggle to move at

pace with the nationt Sy y a & f gl y sdctrsiendompgads She indusBial bases
crucial to energyriven clusterg, for exampé, metals, machinery, chemicasd

plastics. The cluster development strategy would help Pennsylvania piogss t

sectorsto be at least on par with US average grqufthot surpass it

Human capital

Pennsylvania has an impressive base of talent. It has a large pool of workers trained and
experienced imndustrialconstruction and operatignvho are available for work in new
sectorsthat can be developenh the state(Exhibit25).
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EXHIBIZ5

Pennsylvania has a significant underutilized manufacturing and
construction labor pool, based on its legacy sectors

Pennsylvania labor pool characteristics

Population, thousands

Sector Total labor pool Unemployment pool Part-time pool
Health services // 1,018 40 223
Retail // 908 42 213
Professional & Business Services / / 844 56 149
Government // 713 4 52
Manufacturing -‘ 611 _ 44 . 32

Leisure & Hospitality / / 590 32 143
Financial Activities 330 13 44

Construction 285 _ 50 . 25

Transportation 268 23 23

Other Services 266 8 90

Education services 247 9 59

Information 90 4 13

Farm 79 1 17

Mining and Logging 34 9 1

Utilities 25 1 1

SOURCE: BLS, US Census

Generating new manufacturing jowuld deepen the stability @mployment for
Pennsylvanians comparison tmther sectors, like health services, professional
services, or retail, which entail a higher proportiopart-time versus fultime work.

Pennsylvania is also an engine of science, technology, engineering, and mathematics
(STEM) talert whether compaed to thetristate area, other energy states, or the
nation as a wholeEkhibit26).
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EXHIBIZ6

@ Pennsylvania is an engine of engineering talent

STEM graduates by state, 2014

% of total degrees

Texas 17.6%
Ohio 16.9%
MA 15.2%
Oklahoma 14.8%

West Virgini 14.0%

[

NY 12.3%

CA 12.1%

US - overall
average

12.6%

SOURCE: IPEDS, NCES

t Syyaet dryal Qa Kdzyly O LA { kdiven@éveldphedtys3 S
threefold FirstPPennsylvania must combat tpepulation outflowghat have

accelerated over the pafite years Exhibit27). Some of the solution will come through
economic growth spurred by the development strategibsit those strategies will take
time to bear fruit. In the interim, Pennsylvania needs to find ways to keep its best talent
at home.
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EXHIBIZ7

Overall, Pennsylvania has experienced significant growth in domestic
migration out of the state over the past 5 years

Pennsylvania total population change (working and non-working)

Thousands B international Migration [l Net Births Domestic Migration

15.73 .
28.28 7.6

10.77

-6.66
-17.50

-30.93 -33.77
-41.61

2011 12 13 14 2015

SOURCE: Moody's Analytics

{ SO2y RZ t Sypylatientodiflowsialespéacially pronounced among STEM
graduates. Pennsylvania produces some of the bestce and engineering talent in
the world, withpracticalrelevance to important growth sectogdut more of them are
leaving the state once they obtain thairdergraduate or graduate degretsn are
staying Exhibit28).
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EXHIBI2Z8

A majority of Pennsylvania engineering graduates appear
to leave the region, finding jobs outside the Mid-Atlantic

Example: Engineering graduates? geographic distribution post-graduation [ [EXAMPLES - NOT EXHAUSTIVE
Percent
100%

International—— = g

Southeast 11

Southwest

_ 13
Midwest

Mid Atlantic

Carnegie Mellon University of
: . University Pennsylvania
Engineering

undergraduate
class size, 2016

1 Including undergraduate and graduate students

SOURCE: Carnegie Mellon University website, University of Pennsylvania website; press search

Third,t Sy y a &sflagoifofceY¥ Q2 Yy SSR G2 32 GKNRdAZAKs &dzLJa | )
traditional industrials experience into the nedneration industrial sectors envisioned

in the cluster development strategyfor example, working a metal shopay requirea

different set of hard and soft skills than working a robotics manufacturing plant.

Innovation & entrepreneurship

Pennsylvania has at ledistee clear strengths to support its innovation and

entrepreneurship Bvironment. First, Pennsylvamanks highly among US states on the
veryfrontend and verpackS Y R 2 F (1 KS d dghdidsihe éndt@end F dzy vy S €
process ofmoving from an idea to a patentable technology or pradess viable

commercial venturgto a growing business at scala particular, Pennsylvania is

distinctivein generating innovative research (front end) and ensuring new companies

can grow and survive (back end), as shoviExhibit29. When it comes to frorend

researchPery a @ £ @I YAl Q& dzy A Gisrbidbticd) drtficial irftefideiRe, 0 KS Y I
and materials science, among other figlas shown ifExhibitl1 earlier)
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EXHIBIZ9

Pennsylvaniabs innovation f unpgelhl
in translating academic R&D leadership into new © on15
businesses and economic growth Midde 15
@ Botom 20
— Innovation 1 ‘Emrepreneurship—‘

Innovation &

entrepre- Idea generation/

P - Start-up and early
neurship R&D Commercialization

Growth company

compan

pipeline S
stage

University R&D o 1 Patents 1 VC funding as 1 Survival rate of

expense per $ approved a % of GDP new

GDP per million establishments
- capita after 10 years
S)qlelr\g?rlr?ance Business R&D as i Startup i PEinvestments @
gn dlstata % of private activity as % of GDP
— industry output

Total R&D

investments as a

% of GDP

SOURCE: US Bureau of Labor Statistics, Kauffman Foundation, National Science Foundation, Private Equity Growth Capital
Council, PWC Moneytree, SBA, SBIR, US Patent and Trademark Office

Second, Pennsylvania has an existing-sfaftindingsector, albeit small relative to

hubs like Silicon Valley or New York. Third, Pennsylvania has a robust financial services
sector that, although it focuses more on commercial banking, could be a springboard to
growth in private equity and venture capital.

Each of these areas of strength is mirrored by a challengExhitit29 also
RSY2yaG NI 0Sa3z ovaboy flirnd facdd aydisdordéct bityiegn fifost-
end researctand backend survival of growth companies: it lags other states in
commercialization, statip activity, ad startup funding. Even the frordend research
faces a gap, in that most of the strength is in academic institutions thtrer
corporate R&D, wibhis one step closer to commercializatidvioreover, ~70% of
Fdzy RAy3 FNRY tSyyaetgdryiAl Qa @SyddzNBE OF LIAGI
financial services, and virtually none to energy or materialsgbargxhibit30). If
Pennsylvania wds to build Automated DatBriven Manufacturingr Advanced
Materials clusterg which entails investing in new businesses in engrtgysive
sectors as well as higlalue sectors that depend on computing and materials
innovationsg more private capitanust be directed into these sectors.
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EXHIBIBO

Over 70% of Pennsylvania VC and angel investment is in healthcare
and financial services, while IT and energy sectors have limited funding

Venture capital and angel investment in top sectors

$B, 2015
B Materials & Resources M Financial Services Information Technology
206 H Energy Healthcare
/
49
/ 5.0 1 Limited IT and
0; 02 0 4.2 energy funding
MO 1 No materials &
3.2 0.8 resources funding
23.0 ’ J
3.2 12
0.1 0.9 0.8
= < O .
16 030" @ o3 |0 %" o
0.8 0.6 T 0.1 04
California  Massachusetts  New York Washington Texas Pennsylvania lllinois

SOURCE: Pitchbook

Pennsylvania has a set of stapt incubators, university programs, and other support

efforts in place to help get the stanp sector off the groundFor impact at scale,

however,andto ensure linkagéo energydriven ecommic developmentew and
creativeapproaches should be attemptédilding on this excellent foundatiosane

examples of new and creatiapproaches tried in other regions incluctempetitions or

GOKI ffSy3asSae G2 admaddivelfinancihg\iedhansahsithidd payfaR 6 f SV
performance; and highly effective pubtidgvate partnerships embodied in new entities

subject to financial and performance pressures.

Physical & Viral Infrastructure

hyS 27F t S ddyantagesahdthalefgs it aims to attract new companies
and plants as part of cluster development, is its constellation of umndestrial
brownfield sites They range from <35 acres to some that&f® acres which could
handlea range of commercial/industrial needs, but are in many cases too small for
world-scale petrochemical facilitiesn fact about20 sites would beble to host larger
ethane crackers or other petrochemical faciliti#dsese sites are distributed around the
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state, which means in principleg that the benefits of industrial growth could be more
directly shared across the state.

The challenges reflect the practicalities of turning these sites into useable locations for
the specificsectorswe want to attract for cluster development. First, many of the sites
have the right acreage, but not the right topography, which preclizdgs facilities (for
example, an ethane cracker) from being built.

Each cluster should be migally
concentratedintegratedto the energyit
needs, witlpipeline and ratonnections
to access critical markets

{SO2yR: (KS ftIFNHBHSal LKeaAOlIf aOfdZ&AGSNE 27
and feedstock comes more from the westlg# stateg and the two regions are not

connected by enough intrastate pipeline capacity to meet future ndedsk(|t31).

This pipeline disconnect between producing and consuming areas within Pennsylvania is
solvableg even greater distances have bdaged in places like Texas and Louisiana,

where the resource is often hundreds of miles away from the petrochemical facilities

that use it.
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EXHIBIB1

Third, although most of the sites have highway access, many of theeasyckail or

L2NI | 00Saas 6KAOK ¢gAff 0SS LI NdivediastersNI & AY
seek to sell Pennsylvania products and technology into national and global markets
(Exhibit32).
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