





TABLE OF CONTENTS

LIST OF FIGURES 2
ABBREVIATIONS AND ACRONYMS 5
1. INTRODUCTION: SETTING THE STAGE 6
1.1 Competitiveness Strategy Objectives 6
1.2 Framework—Competitiveness Principles 6
2. THE ENERGY CLUSTER 8
2.1 Cluster Building Blocks and Structure 8
2.2 Trends Shaping the Energy Industry 10
2.3 Energy Cluster Analysis 15
2.4 Energy Cluster Conclusions: An Emerging Stage Cluster 27
3. THE PETROCHEMICAL AND UPSTREAM CLUSTER 29
3.1 Cluster Building Blocks and Structure 30
3.2 Trends Shaping the Overall Cluster 31
3.3 Downstream Industry Trends 32
3.4 Upstream Industry Trends 37
3.5 Summary of Trends 42
3.6 Upstream and Petrochemical Cluster Analysis 42
3.7 Petrochemical Cluster Conclusions: An Expanding Stage Cluster 56
4., TEXAS ECONOMIC FOUNDATIONS: BUILDING BLOCKS FOR COMPETITIVENESS 58
4.1 Workforce: Building the Texas Skills Pipeline 58
4.2 Resources: Critical Feedstock to Energy and Petrochemical Producers 76
4.3 Infrastructure: Building Blocks for Energy and Petrochemicals 82
4.4 Innovation—Capturing Ideas in the Economy 90
4.5 Governance—Creating a Competitive Business Environment 107
5. ACHIEVING COMPETITIVENESS STRATEGY: OBJECTIVES AND PRIORITIES 113
5.1 Strategic Objectives 113
5.2 Strategic Priorities 114

6. ACKNOWLEDGEMENTS 118




«-~

LIST OF FIGURES
Figure 1 The Energy Cluster Value Chain .........eeeeiiii ottt ettt e e e e arae e e e e e e e e eanaraeeeeaeeeean 9
Figure 2 Comparison of Primary Energy Demand in 2005 and 2030........ccecvveeeeirerieeerieeeeeeesieeeseeesneeens 10
Figure 3  Comparison of Proposed Federal Carbon Legislation..........ccueeeviiiiiciiiiiiiiie e, 12
Figure 4  Electricity Production Capacity Additions in 2007 by Generation TYPe ....ccceeveecvrveeeeeeeeeeceiveeeen, 13
Figure 5 Number and Type of Electric Plants under Construction by State .......ccccceeeeeeciiieeieeceeeccieee, 13
Figure 6  Electric Transmission Miles DY STate......ceeiii oot e e 14
Figure 7  Energy Subcluster Segments and Their Value-Chain Elements .........cccocveeeeiiiiecciiiieeeee e, 15
Figure 8 Texas Compared with the Nationwide Energy Cluster Profile........ccccovveeeeiiiieccciie e, 16
Figure 9 Indicative Growth-Share MatriX DIagram .......cccuvveeiieeieieeiiieeeee et e e e e e ecrre e e e e e e e e e eaaaaeeeeas 16
Figure 10 Growth-Share Matrix of Energy Cluster Benchmark States........ccccvveeeeiciieeeeccieee e, 17
Figure 11 Energy Cluster COMPELITIVENESS .......uuuiiiiieeieieeciiteeee e e e eeectee e e e e e eetrae e e e e e e e e eeaaaraeeeeeeeeeenssseeeeens 17
Figure 12 Comparison of the Number of Energy Enterprise Establishments by State.........cccccceeeeviveeeennnen. 18
Figure 13 Number of Energy Establishments by State and Segment ...........ooovociiivieee e, 18
Figure 14 Energy SUDCIUSTEr POItfOliO.....ciiiiiiiii ettt e e e erttre e e e str e e e e eabaee e e ntraeeesnnrens 19
Figure 15 Energy SUubCIUSter COmMPETItIVENESS .. .uvviiiie ittt e e e e e e e e e e e e aaaeeeeeas 20
Figure 16 Energy Cluster SEEmMeNt POrtfOlio.......ciiiiii ittt 21
Figure 17 Specialized ENErgY SEEMENTS ....cciii ittt e ettt e e e e e e e e e ttrr e e e e e e e e e s aaaaaeeeeeeeeeennnnraeeeeas 22
Figure 18 Energy Segments with Increasing CompetitiVENESS ......ueveiiiiiieeeiieeeee et 22
Figure 19 Energy Cluster Value Chain COMPELItIVENESS ......uvveieeiiieeciiieeeee ettt e e e aaaaae s 23
Figure 20 Energy Cluster Value Chain Subcluster DEPth .......cccueiviiiiiiiieceeeee et 24
Figure 21 Firm Dynamism-Percentage of Established Energy Firms Compared

With Percentage of NEW FirMIS ....oo ittt ettt e et e e sneeeeaes 25
Figure 22 Firm Dynamism-Percentage of Firms Moving Into and Out of Texas......ccccccceeeevvrieeeeeeeeeeccnnnneeen. 26
Figure 23 Spectrum of ClUSLEr AULONOMY .....coiiiiiiiieecie ettt e et e e st e e ste e e sate e sae e s sateeenaeeenneeenns 26
Figure 24 Firm Autonomy-Percentage of Headquarters, Branches, and Standalone Firms...........cccccuuue..... 27
Figure 25 Petrochemical and Upstream Cluster Value Chain .........ccoceeriiiiiriienienieeeeec e 30
Figure 26 Global Oil Supply and Demand, 2006—2030 .........ueeeeeeeeiiiiiiiieeeeeeeeeecirrreeeeeeeeeeerrrrreeeeeeeeennsrseeees 32
Figure 27 Global Ethylene Production Trend, 2000—2011.........ccccceeriieerieeeiieeeeeeeieeereeeeeeeeereesseeeesneeeens 33
Figure 28 Global and U.S. Refinery Capacity Growth, 2007—2014 .........cooeeeeiieiiiiiiieeee e e e e e eeenrreeeeas 33
Figure 29 U.S. Ethanol and Biodiesel Production Trends, 2002—2007........cccccceeerererreeerrieerneeesieesseeesseeenns 34
Figure 30 Comparison of Texas to Benchmark States on Capacity,

Employees and Investment, 2003—2006...........ccceeeruerriieeriiererieeenteeeieeesseeesseeesseessseesssseesnseeenns 35
Figure 31 Refinery and Ethylene Capacity OULIOOK ..........cuuviiiiiiiieeceeeee e e e 36
Figure 32 Production Changes in Key Oil and Gas Producing Countries Between 2001 and 2006 ............... 38
Figure 33 U.S. Natural Gas Production by State, 2008—2020 .........cccccuvrereeeeeeeeiiiireeee e eeecrree e e e e e e eeeanrreeeeas 40
Figure 34 Natural Gas Production in Texas and Selected Countries, 2008—2020..........cccceceerverrcreerreeesseeenns 40
Figure 35 Projected U.S. Qil Production by State, 2008—2020 ..........cccuveeeeeeeeeeiiiieeeee e e e e e e e eeearree e 41
Figure 36 Projected Oil Production in Texas and Selected Countries, 2008—2020.........cccceeeuvrrrrerrrveesneennns 41
Figure 37 Petrochemical and Upstream CluSter SEEMENTS ......cceieeeiiiiiiieeie e e e arree s 42
Figure 38 Petrochemical ClUStEr Profil@......c.ceieeiiiiee et enee e 44
Figure 39 Growth-Share Matrix of Petrochemical Cluster Benchmark Locations..........ccccvvvveeeeieeeicnnnnnenen. 44
Figure 40 Petrochemical Cluster COMPELILIVENESS ...ccecueieeiieeeiee ettt et saaeeeeee e 45
Figure 41 Petrochemical ENterpris€ COUNT ........uuiviiiiiiiiieiiieeeee et e e e et e e e e e e e e e aaara e e e e e e e e eennnaaaeeeas 45

ICF International ~ July 2008



Figure 42
Figure 43
Figure 44
Figure 45
Figure 46
Figure 47
Figure 48
Figure 49
Figure 50

Figure 51
Figure 52
Figure 53
Figure 54
Figure 55
Figure 56
Figure 57
Figure 58
Figure 59
Figure 60
Figure 61
Figure 62
Figure 63
Figure 64
Figure 65
Figure 66
Figure 67
Figure 68
Figure 69
Figure 70
Figure 71
Figure 72
Figure 73
Figure 74
Figure 75
Figure 76
Figure 77
Figure 78
Figure 79
Figure 80
Figure 81
Figure 82
Figure 83
Figure 84
Figure 85
Figure 86

Number of Petrochemical Establishments by SUbCIUStEr.......ccovvviivieiiieeeee e, 46

Petrochemical SubClUSter POrtfolio .......cciviuiiiiiiiiie e eaae e 47
Petrochemical Cluster COMPEtITIVENESS .......viiiiiiiiiiiiiiee et e e s s abeee s 48
Oil & Natural Gas Subcluster Segment POrtfolio ..........eeeeeeieeciiiiiiee e 49
Specialized Petrochemical SEEMENTS ....ccovuiiiiiiiiee e s e e s sabae e s 50
Petrochemical Segments with Increasing Competitiveness .........cccuvveeeeeeeeeeciiiieeeee e 51
Petrochemical Value Chain COMPEtitiVENESS .....ccceiiieeciiiiiieee et e rree e e 52
Petrochemical Cluster Employment Changes by SEgment.........cccccvveeeeiiieicciiiieeeee e 53
Firm Dynamism-Percentage of Established Energy Firms Compared

With Percentage Of NEW FIrMS ....uueeiii ittt e e e e e e e e e e e e aaraeeeaeeeeeennnens 54
Firm Dynamism-Percentage of Firms Moving In vs. Percentage of Firms Moving Out................. 55
Firm Autonomy-Percentage of Headquarters, Branches, and Standalone Firms...........ccccceeee...... 56
Size and Distribution of Jobs in the ENergy CIUSLEr .......cevvii i 59
Size and Distribution of Jobs in the Petrochemical CIUStEr ........ccuvvveviiieieiiiiee e, 60
Projection of Workforce Demand in the ENergy CIUSTEN ......veeeeiivieeeeiiieee e eiveee e 61
Projection of Workforce Demand in the Petrochemical ClUSter .........coeeeeeveiiivieiieeiieeccireeeee e, 62
Core ENErgy-RElGted KSAS.....co.eeie ettt ettt e et e st e e st e e ate e ene e e snteeeneeeenseeas 63
Core Petrochemical-Related KSAS......cciiiiieiiiiiiic sttt e e e sre e e s svbe e e s sabaeessnans 64
Petrochemical-Related KSA SUBDJECE ArEas......cocuiiiiieieiiee ettt e eeee e eeee e 64
Workforce Demand-Supply Misalignment in the Energy CIUSter.........oooccvveeieeieiccciiiieeeee e, 66
Demand-Supply Gap in Nuclear OCCUPAtIONS ......coovieeeiieeriee ettt e e e s 67
Demand-Supply Gap in Renewable Energy OCCUPatioNS........ccoeecciiiiiieeeeeeeccreeeee e eeerreee e 67
Demand-Supply Gap in Petrochemical OCCUPAtioNS ......eevvieieiieeeieeceeeree e 68
ERCOT Installed Generation Capacity MiX, 2008 ..........cccveeeeeeeeiiiiiiiieeeee e eeecirreeeee e e e eenarreeeeeeeeens 76
United States Wind Resource Map, 2008 .........cc.eeeiieerriieenieeenieeeneeeeieeesreesnneeesseeesseessssessnseeenns 77
Solar Photovoltaic (PV) Resource Potential, 2007 .........ccoovvveeieiiieeeeeiiieeeeeireeeeeereeeeeetreeeeenreeees 78
Dry Natural Gas Proved ReSErveS, 2006 ..........ccccveerueerieeerieresieeeseeesieeesseesssseessseessssessssesssseessns 79
Crude Oil Proved Reserves by Area, 2006.........ccooccuriieieeeeeeeeiiireeeeeeeeeeecireeeeeeeeeeseiassseseeeeseensnnens 79
Interstate Miles and CONAITION ......oiiiiiiiii i et re e e e e ara e e e earaeee s 83
Railroad Miles and Commodity Tons Originated ..........cccuvveeieiiiiiciiiiieeee e e 83
World’s Top Ports by Cargo VOIUME .......eieeiiiceeeeeeeeeee ettt e e e e 84
ApProved LNG TerMINQAIS ...ttt e et e e e e e e e e ebra e e e e e e e e e naasaeeeeeeeeeennens 85
Number of Petroleum REFINEIIES .....ccviei it re e et e e e arae e s 85
NUMbBEr Of MajOr PIPEIINES ..ottt e et e e e e e e e e tba e e e e e e e e e naaraaeeeaeeeean 86
Map Of Main U.S. POWET GridS......ciiiiiieiiieeiieeeieeerieeeiteesteeeseteestaeeste e e sseesnseesnseeesnseesnsseesseeens 87
Texas Engineers and Scientists, 2003.........ccccuviiiiieeiieeiiiieee e e e e e e e e e e errrre e e e e e e e e naraaeeeeeeeens 91
FEderal R&D FUNING ...oooiiiieieecie ettt e et e e see e s eee e st e s snteesnteesnseeesnseesnseesnneeenns 92
Department of ENergy R&D FUNAING........cooouiiiiiiiee ettt e e e e e e naraa e e e e e e 93
Scientific Publications-Oil and Gas Extraction, Chemical ENgineering.......c.ccccceveveevceverveeeceeennne 94
Scientific Publications-Renewable Energy, Wind ENErgy.......cccoovereeieeeicciiiiieeeee et 94
Scientific Publications-Solar Energy, Biomass ENEIZY.......ccccvvceeriieeniieeerieeerieeeeeeeieeeseeeeeeee e 94
INAUSEFIAl R&D SPENTING ..vvveeieeieeeeeeeee ettt e e e e e e brr e e e e e e e e eaaaraeeeeeeeeeenssaraeeeaeeeann 96
Industrial R&D Expenditures, Millions of Dollars, 2003 (selected categories) ........cccceevveeeecnnnennn. 97
Energy- and Petrochemical-Related Patents .........cooooeiuiiiiieiee et 98
Analysis of Patents by Field and State ......cccveeeieeieeeeeee e s 98
Licenses Per Patent, 2006 ......cccouuuuuiiiiiiiiiiiiiiiie ettt e e e e e e s e e s e e e e e aa e e s e e e e aaae b e e e eeeaeaaaes 99

ICF International 08-058 ~ July 2008

«-



«-

Figure 87
Figure 88
Figure 89
Figure 90
Figure 91
Figure 92
Figure 93
Figure 94
Figure 95
Figure 96
Figure 97
Figure 98

New Petrochemical Enterprises by State, 2001—2004........ccccceeiriiieeiiniieee e eireeessireee s seeees 100
New Energy Enterprises by State, 2001—2004 ..........cooeeiiiiireeeeeeeeeeciireeee e e e e eeecrreeree e e e e eenarraeeeas 101
Petrochemical Enterprise Sizes by State, 2006........cccoeeicriiiieieee e 101
Energy Enterprise Counts by State, 2006............eeeeieeeeieiiiiiiieieee e e et e e e e e e eecrre e e e e e e e e e aaaraeeeas 102
Venture Capital Investment in the Texas Energy and Industrial Sectors........ccccceeeeeicciiieeennennnn. 103
VC Investment in Texas by Sector, QL 2008 .........ccoeccurriiiieeeeeeeiireeee e e eeeeciree e e e e e e e eeeaarrereeeeeeens 103
BUSINESS CRUIN, 2005 ...uueeiiiiiiiieiteeeee ettt e e e e e ettt e s e e e e eeesabasseeeeeeeasaaassssseeseessasssnsssessrerssnes 104
Corporate TaXeS, 2007 ...oeiiiieee i eeeeeeiee ettt re e e e e e e e ettt e e e e e e s e e eab e e eeeeseaatra e e eeaaerretraaaaaaaes 108
State and Local Tax BUIEN, 2007 ......ueeiieiiiieiiiieee e eeeeeeetieee e eeee e et s s e eeeeeesaaassssesseeesssnannnsseeenes 109
Oil and Gas Production TaX RAteS .......ccccciieeiiiiieiiciiee e s e srtre e ssnrre e e s eaae e e s snraeee s 109
U.S. TOrt LIability INAEX ..cuuevieieeieeeeeeee ettt e e e e e e e e e e e e e e raa e e e e e e e e e nnnnaneeeas 111
Cluster Employment, Revenue, and Economic MUltipliers........eeeeeeieeciiieeeeec e 114

ICF International ~ July 2008



ABBREVIATIONS AND ACRONYMS

AAGR
NGL
Bcf
NOX
CIP
NREL

CREZ
NSF
CTE
OECD

DOE
O*NET
EISA
OPEC

EOR
PRB
EPA
PUC
EPRI
PV
ERCOT
QCEW
ETF
R&D
EU
REPs
FERC

RFS
GCC
SERC

average annual growth rate

natural gas liquids

billion cubic feet

nitrogen oxides

Classification of Instructional Programs
National Renewable Energy
Laboratory

Competitive Renewable Energy Zones
National Science Foundation

Career and Technical Education
Organization for Economic
Cooperation and Devt.

Department of Energy

Occupational Information Network
Energy Independence and Security Act
Organization of the Petroleum
Exporting Countries

enhanced oil recovery

Powder River Basin

Environmental Protection Agency
Public Utility Commission

Electric Power Research Institute
photovoltaic

Electric Reliability Council of Texas
Quarterly Employment and Wages
Emerging Technology Fund

research and development
European Union

retail electric providers

Federal Energy Regulatory
Commission

Renewable Fuel Standard
Governor’s Competitiveness Council
Southeastern Electric Reliability
Council

ICF International 08-058 ~ July 2008

HERC
SPP
[EA
STEM

10U
TCEQ

KSA

Tcf

LNG
TDUs
LQ

TEA
MMBPD
TETC

MBTU
THECB

MTBE
THSP
NAEP

TIF
NAICS

UAE
NDPC/N

VvC
NETS
WECC

Higher Education Regional Council
Southwest Power Pool

International Energy Agency

science, technology, engineering, and
math

independently operated utilities
Texas Commission on Environmental
Quality

knowledge, skills, and abilities
trillion cubic feet

liquefied natural gas

transmission and distribution utilities
Location quotient

Texas Education Agency

million barrels per day

Texas Engineering and Technical
Consortium

million British thermal units

Texas Higher Education Coordinating
Board

methyl tertiary butyl ether

Texas High School Project

National Assessment of Educational
Progress

Teacher Incentive Fund

North American Industry Classification
System

United Arab Emirates

National Dropout Prevention
Center/Network

venture capital

National Enterprise Time Series
Western Electricity Coordinating
Council

«e



/ >
@

«-

SECTION ONE: INTRODUCTION: SETTING THE STAGE

1.1 COMPETITIVENESS STRATEGY OBJECTIVES

Texas has a great story to tell. The state leads the nation in hosting headquarters for Fortune 500
companies, and recently Chief Executive magazine placed Texas at the top of its list of best places to do
business in the United States based on business opportunities and a favorable tax structure. The Texas
labor force is growing at double the rate of the nation as a whole, and the state’s workforce is skilled and
talented. Governor Perry wants to maintain the strong position Texas holds in the global economy. To
address that challenge, Governor Perry appointed 29 public and private sector leaders to the Governor’s
Competitiveness Council (GCC) to identify issues affecting Texas competitiveness in six industry clusters
and make recommendations to enhance the state’s competitive edge.

This report for the Governor’s Competitiveness Council focuses on issues in the Energy and
Petrochemical Clusters and makes recommendations for maintaining competitiveness in those clusters.

The Energy and Petrochemical Clusters have an enormous presence in the Texas economic portfolio, and
their performance is key to the Texas economy. These clusters have strategic advantages that other
North American areas do not have and that are difficult for competitors to replicate. The wealth of
natural resources, strong physical infrastructure, vibrant workforce, and stable government make Texas
hard to beat. But these advantages are not permanent, and the state cannot take them for granted. As
the economy becomes more global, Texas needs to re-evaluate itself in comparison to other economies.

The Council sought the assistance of ICF International to assess strengths and vulnerabilities in the
Energy and Petrochemical Clusters and make recommendations for actions that the State of Texas and
state agencies can take to enhance the state’s competitiveness and eliminate or minimize barriers or
weaknesses. The recommendations in this report address the challenges facing the Energy and
Petrochemical Clusters by identifying near-term and long-term steps necessary to ensure continued
success.

1.2 FRAMEWORK-COMPETITIVENESS PRINCIPLES

There are four key competitiveness principles that are central to evaluating cluster strengths and which
provide the basis for recommendations to improve cluster positions:

1. CONDUCT BOTTOM-UP, MARKET-DRIVEN ANALYSIS. Recommendations for developing economic
competitiveness should start with an analysis of what goes on at the regional level, where most
economic relationships are based. Focusing on issues affecting various regional economies in Texas
can then help determine a state-wide policy.

2. FOCUS ON CLUSTERS AS ECONOMIC ENGINES, Clusters are the drivers of the economy for three reasons.
First, they are responsible for producing and shipping goods and services out of economic regions
and bringing new revenue into the state economy. Second, the producers tend to group together to
share or exploit resources and, thus, attract suppliers that understand producer-specific needs,
creating a value chain of activity with cluster-related economic concentration. Third, as a value-
chain of activities takes shape, it creates economic ripple effects that help to increase and sustain
other clusters in the economy. A portfolio of successful clusters contributes substantially to creating
a diverse, adaptive, and prosperous state economy.
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3. INVEST IN ECONOMIC ADVANTAGE, Clusters will form and thrive where they find strong and distinctive
economic advantages. The oil and gas industries originally grew in Texas because of the economic
advantages of proximity to abundant natural resources. These advantages were amplified over the
decades because of development of the supporting infrastructure, skills base, and financial
expertise. Different clusters build on different economic advantage platforms. Biotechnology, for
example, tends to form and prosper when economic advantages relate to life sciences knowledge,
rather than access to raw materials such as oil and gas reserves. Overall, states that invest in and
build the economic advantages needed by their core clusters tend to perform better than those
that do not.

4. COLLABORATION |S NECESSARY TO COMPETE. High-performance states help generate marketplace
collaboration, and collaboration is what markets are all about—buyers and sellers finding value and
making deals.

In determining methods for improving the competitiveness of the Energy and Petrochemical clusters, ICF
considered the principles above as well as input from industry and supply chain stakeholders.
Additionally, we analyzed industry trends and cluster dynamics, assessed key economic advantages, and
benchmarked Texas against domestic and international competitors. This report includes several
sections:

% ENERGY CLUSTER: Structure, Global Trends, and Cluster Competitiveness Analysis. This
assessment examines the characteristics of the national Energy Cluster and compares the
Texas Energy Cluster to it. The analysis also examines the range of forces shaping industry
competitiveness and how the cluster is performing relative to competitors in overall size and
growth rate, specialization, diversity, value-chain depth, autonomy, and dynamism. The
assessment concludes with an appraisal of the cluster’s stage of life cycle and position.

% PETROCHEMICAL CLUSTER: Structure, Global Trends, and Cluster Competitiveness Analysis. This
assessment carries out the same analysis for the Petrochemical Cluster in both its upstream
and downstream components.

% ECONOMIC FOUNDATIONS IN TEXAS: Building Blocks for Competitiveness. This part of the report
focuses on identifying competitiveness challenges that can hinder cluster success in five
economic foundation areas: workforce, resources, infrastructure, innovation, and governance.
To identify challenges in each foundation area, we prepared a competitiveness framework
and benchmark assessment of assets in the Texas market compared with other domestic and
international competitors. Based on the challenges we identified, we propose
recommendations to address the challenges.

* COMPETITIVENESS STRATEGY |[MPLEMENTATION: Strategic Directions and Priorities for Clusters. The
report concludes with a summary of key strategic objectives and priorities the state should
pursue in order to deepen and broaden the economic strength of both clusters.
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SECTION TWO: THE ENERGY CLUSTER

2.1 CLUSTER BUILDING BLOCKS AND STRUCTURE

The Energy Cluster includes numerous segments of the electric power industry that contribute to the
delivery of electricity to end-use customers. These segments produce, transmit and distribute electricity,
and ultimately sell it to the customer. The cluster is a very robust economic engine for the state as a
result of the increase in generation resources, the growth of the Texas transmission and distribution
infrastructure, and the varied retail customer products in the market.

The electric power industry in Texas comprises municipally owned utilities, electric cooperatives,
transmission and distribution utilities, retail electric providers, power marketers, independent power
producers (IPPs), wind generators, aggregators, and all of their suppliers. Texas companies generate
electricity using diverse generating technologies and fuels.

The main electric power grid in Texas is the Electric Reliability Council of Texas (ERCOT), a 38,000-mile
network of long-distance, high-voltage transmission lines and substations that carry bulk electricity to
markets across the state. This complex and growing grid delivers approximately 85 percent of the overall
power usage in Texas, serving up to 20 million Texans through distribution utilities, cooperatives, and
municipally owned utilities. Each year electric utilities spend millions of dollars maintaining both the
transmission and distribution system by replacing aged equipment and adding new equipment and new
lines.

Electric power producers in Texas use wind, natural gas, coal, water, lignite, and uranium as the primary
fuels to produce electricity. Generation facilities are located throughout the state, with most wind
facilities in West Texas.

Since opening the wholesale generation market to competition in 1995, Texas has experienced dramatic
growth in the sector, first in combined cycle electric generating plants and, most recently, in wind
facilities. This growth has made the generation sector a major economic engine in the state:

% Generation Development
29,000 megawatts of new generation added since 1996

2,800 megawatts retired; 8,700 megawatts mothballed (1,100 megawatts returned to service)

o
g
% 4,571 megawatts of new generation committed (signed interconnection agreements completed)
¥ Transmission Investment

o

5,200 circuit miles of transmission built since 1999
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The Energy Cluster and its value chain have five distinct economic layers. as shown in Figure 1.The top
layer is the retail electric provider (REP) level. The companies in this category, which has grown
dramatically since the market opened in 2001, sell electricity to end-user customers.

FIGURE 1: THE ENERGY CLUSTER VALUE CHAIN

Retail Electricity Providers

Transmission & Distribution Utilities

Electrical Electrical Electrical Electrical Emerging
Power Plants: Power Plants: Power Plants: Power Plants: Power
Coal-fired Gas-fired Nuclear Wind Technologies

5 ialty Engi i g
Project Spem?ntsypegtgicl)r:]eenng Suppliers
Management frass, Instrumentation
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Contracting Financial Consulting R&D
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Feedstock Compogents s
q Emissions Controls :
%i:lﬁiﬁris BEELES Turbines Services Companies Equipment
R al

Institutions Compliance Technology Piping Suppliers
Investment Banks Processes
Private Equity Catalyst

Eoundations

Source: ICF International

The power producer level includes generation companies that use traditional resources such as natural
gas, coal, uranium, or wind. In addition, some companies are exploring promising new technologies such
as electricity storage and tidal energy. The producer level generates its economic value through the sale
of electricity to REPs and the operation and maintenance of existing generation plants, and the purchase
of resources needed to build new facilities.

The supplier level includes all support service companies that provide equipment, technical engineering,
maintenance services, parts, and equipment to the producer level. Plants under construction need legal
and permitting support, transportation, engineering, and construction. Existing plants need fuel
suppliers, financial institutions, equipment suppliers, and other services to operate and maintain their
facilities.

Economic value in this cluster derives from the sale of the final product, and also from capturing a larger
percentage of the total value-added product. As a leader in the development of new generating plants,
Texas has captured much economic value in the cluster; however, many of the equipment suppliers are
in other states or overseas. In addition, the numerous generation plants in the state provide important
economic certainty to the regional suppliers of goods and services. Further, the depth of the supply
chain and diversity of REPs makes the Texas Energy Cluster a robust economic engine that can adjust to
competition through a variety of channels.
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2.2 TRENDS SHAPING THE ENERGY INDUSTRY

This section identifies factors shaping the competitive environment for the Texas Energy Cluster. The
section begins with an overview of global and U.S. energy market trends. Within this global and national
context, we examine energy market trends in Texas and discuss electricity demand and supply structure
as well as the current challenges the state faces in technology and fuel portfolio decision-making. We
also give an overview of the wind power market—the fastest growing source of generation—and the
implications of this trend for the Texas Energy Cluster.

Global Energy Market Trends

Three key factors are shaping today’s global energy markets:

% RESOURCE GLOBALIZATION: Consumption of natural resources, especially fossil fuels, has outpaced
domestic supply in many regions, which has led to a more global supply and pricing structure,
especially for natural gas and coal, two primary generation fuels.

% DEMOGRAPHIC CHANGES: Population growth and rapid urbanization in the developing world have
fueled a 5.2 percent increase in energy consumption, while consumption has risen only 1.4
percent in the developed world. Such dramatic growth in consumption is driving fuel price
volatility,! changing transportation patterns, and driving the next generation of technology
choices. The International Energy Agency (IEA) forecasts that global primary energy demand will
increase by 55 percent by 2030.

¥ ENVIRONMENTAL CONCERNS: Potential carbon regulation is creating uncertainty in the global power
generation markets. While potential regulation has halted construction of coal plants in some
areas of the world, it has not done so in Texas. Many countries, such as China, where a new coal
plant is completed every week, continue building coal-fired plants.

FIGURE 2: COMPARISON OF PRIMARY ENERGY DEMAND IN 2005 AND 2030

20,000
18,000
16,000
14,000
12,000
10,000 ~
8,000
6,000
4,000 A
2,000 -

Mtoe

2005 2030

Source: 2007 IEA World Energy Outlook

1 20th World Energy Council, Rome, 2007.

2 The U.S. average annual growth rate for the Energy Cluster is 0 percent.
3 D&B NETS is a survey-based dataset; thus, these figures represent a sample of the total population and should be considered representative of
magnitude and trends and not a complete census.
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In addition to the impacts that global trends have on domestic energy markets, numerous U.S. trends
affect Texas:

*

ELECTRICITY DEMAND CONTINUES TO GROW: Demand for electricity has grown dramatically across
the United States over the last decade, and future demand is expected to increase despite an
economic downturn.

DIMINISHING EXCESS CAPACITY: The surplus of natural gas reserves experienced in 2001 and 2002
is quickly being absorbed by markets across the United States as uneconomic coal-fired units
and older gas-fired units are retired and as electricity demand increases. This ultimately puts
more pressure on natural gas prices and links retail energy prices with global gas indices.

CARBON LEGISLATION: Potential regulation is driving resource decisions and creating uncertainty
in regional U.S. energy markets. If Congress enacts carbon legislation, the most economical
sources of generation will become more expensive. Texas will need to find the least-cost
alternative to comply, and, because Texas is a net producer of energy, this has negative
implications for Texas generators, the Texas business community, and Texas consumers.

NUCLEAR RESURGENCE: As carbon regulations appear more likely, nuclear power becomes an
increasingly more attractive option because it emits no carbon and most plants operate for 50
years.

COAL PLANTS: While the United States and Texas have massive coal reserves, development of
coal-fired plants has slowed as a result of concerns related to potential carbon legislation.

RENEWABLES: The growth in renewable generation is at unprecedented levels. High natural gas
prices have provided incentives for wind, solar, and other renewables to participate in the
market.

DEMAND SIDE MANAGEMENT: New demand side resources, such as distributed generation, are
also making their way into the resource mix.

In the U.S. Congress, a number of carbon bills have been proposed. Figure 3 summarizes the key points
of some proposals. Each piece of legislation could negatively affect Texas energy production, which, in
turn, would push electric prices upward for Texans and have an impact on domestic and global supply.
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FIGURE 3: COMPARISON OF PROPOSED FEDERAL CARBON LEGISLATION

S. 1766: The Low
Carbon Economy Act
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S. 2191: America's
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2007

S. 280: The Climate
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Innovation Act of 2007

$.485: Global Warming
Reduction Act of 2007

H.R. 1590: The Safe
Climate Act of 2007
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of emissions
- 20% to generators,
0/ y
Initially 49% freely decreasing to 0% by TBD by administrator TBD by President TBD by President
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possible international with foreign credits and Banking, early reduction
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Source: ICF International

Due to its large population, temperate climate, and energy-intensive economy, Texas produces and
consumes more electricity than any other state. ERCOT forecasts a growth in electricity demand by 2027
of 2 percent per year, which will require a 50 percent larger system. Historical demand growth is closer
to 3 percent, which suggests the possibility of an even greater need for capacity additions.

Since 1995, Texas has led the nation in the competitiveness of its wholesale generation market. Texas
leads the country in wind-powered generation capacity; West Texas alone has more than 2,000 wind
turbines. The state surpassed California as the country’s largest wind energy producer in 2006. In 2007,
Texas added 1.6 gigawatts (GW) of new wind capacity, more than any other state. As of March 2008,
Texas had installed capacity of 5,300 megawatts (MW) of wind; by the end of 2008, Texas is projected to
add an additional 4,700 MW of installed capacity for a total of 9,000 MW.
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FIGURE 4: ELECTRICITY PRODUCTION CAPACITY ADDITIONS IN 2007 BY GENERATION TYPE
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Texas is also a major nuclear power-generating state. Two nuclear plants, Comanche Peak and South
Texas Project, typically account for 10 percent of the state’s electricity production. The resurgence of

interest in nuclear power is evidenced by recent license applications pending before the Nuclear
Regulatory Commission.

Figure 5 shows that Texas has more electricity generation capacity planned and under construction than

competitor states. Many larger base-loaded coal plants are currently under construction, and plans for
four new nuclear plants have been announced.

FIGURE 5: NUMBER AND TYPE OF ELECTRIC PLANTS UNDER CONSTRUCTION BY STATE

Source: ICF International
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In addition, Texas has been a leader in the development of new transmission networks to reach distant
resources and eliminate congestion throughout the state, outpacing competitor states in miles of
transmission lines built over the last 5 years. To prepare for wind development, Texas began the process
in 2006 of identifying and creating Competitive Renewable Energy Zones (CREZ). These are areas where
renewable resource availability is significant and to which transmission infrastructure needs to be built
in advance of installed generation, with costs recovered through transmission tariffs. ERCOT’s CREZ
study identified five possible build scenarios with costs ranging from $3 to S6 billion. Texas’s CREZ
project was the first in the nation to identify needed transmission for resources, primarily wind, which
have not yet been built.

FIGURE 6: ELECTRIC TRANSMISSION MIILES BY STATE

Source: ICF International

Today Texas is a leader in the energy sector, but many challenges lie ahead. Global demand will continue
to increase for energy and power generation equipment. Price volatility will increase pressure to switch
to other fuels. Potential carbon legislation and regulations will create significant uncertainties and costs
in Texas energy markets.

The Texas generation market is in a favorable position to respond to these challenges. The competitive
electric structure in Texas will allow the market to respond quickly and efficiently to lowest-cost
solutions and new challenges. Clear and stable rules will continue to encourage new technologies and
entrants to the competitive markets, while local facility siting regulations reduce the time and cost for
the creating new facilities. Each of these factors will help ensure that Texas has opportunities to move
and stay ahead of its competitor states.
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2.3 ENERGY CLUSTER ANALYSIS

Seven subclusters were identified in the Texas Energy Cluster, spread across the three value-chain levels
of Producer (selling products or services to an end market), Supplier (providing inputs to a producer),
and Economic Foundation (providing resources, such as workforce or infrastructure, to suppliers and
producers). The core Energy Cluster segments—Mining, Transmission and Distribution, and Renewable
Energy—each have segments that are both producer-related and suppliers. Figure 7 shows the seven
subclusters included in the Energy Cluster, their value-chain position, and their related segments and
NAICS codes. Note that the natural gas industry is covered as part of the Petrochemical and Upstream
Cluster analysis described in Chapter 3.

FIGURE 7: ENERGY SUBCLUSTER SEGMENTS AND THEIR VVALUE-CHAIN ELEMENTS

Subcluster

Electric Power
Generation

Input
Manufacturing
Mining
Power
Transmission and

Distribution

Regulation and

Value-Chain Industry Segment NAICS Code—Industry Segment Definition
Element
221112—Fossil Fuel Electric Power Generation
Producer

221113- Nuclear Electric Power Generation
332410-Power Boiler and Heat Exchanger Manufacturing; 333911-
Pump and Pumping Equipment Manufacturing; 333912—-Air and Gas

Supplier . . .
Compressor Manufacturing; 423810—Construction and Mining
(except Oil Well) Machinery and Equipment Merchant Wholesalers
212111-Bituminous Coal and Lignite Surface Mining;
Producer

212112-Bituminous Coal Underground Mining
Supplier 333131-Mining Machinery and Equipment Manufacturing
221121-Electric Bulk Power Transmission and Control;
221122-Electric Power Distribution
Supplier 333613—-Mechanical Power Transmission Equipment Manufacturing
924110-Administration of Air and Water Resource and Solid Waste
Management Programs;

Producer

. . Foundation . L . — .
Administration 926130-Regulation and Administration of Communications, Electric,
Gas, and Other Utilities
Producer 221111-Hydroelectric Power Generation; 221119—-Other Electric
Renewable Energy Power Generation
Supplier 333611-Turbine and Turbine Generator Set Units Manufacturing
482111-Line-Haul Railroads; 482112-Short Line Railroads; 483111—
Deep Sea Freight Transportation; 483113—Coastal and Great Lakes
Transportation & Foundation Freight Transportation; 483211—-Inland Water Freight Transportation;
Logistics 484110—General Freight Trucking, Local; 484121—-General Freight
Trucking, Long-Distance, Truckload; 484122—General Freight
Trucking, Long-Distance, Less Than Truckload
Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000-2006
15
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2.3.1 Cluster Size and Growth

In 2006, the Texas Energy Cluster employed 140,658 employees. Figure 8 shows that the Texas Energy
Cluster lost 3,029 employees between 2000 and 2006; however, because of the large size of the cluster,
this relatively minimal decline amounted to a zero growth rate. The cluster had a location quotient of
1.01 in 2000 and 0.98 in 2006, indicating that the Texas Energy Cluster is roughly as specialized in energy
as the U.S. average. Further analysis shows a high degree of diversity in subcluster specialization.

We applied shift-share analysis to examine the employment shift dynamics in the Texas Energy Cluster.
The analysis breaks down the elements of employment change to determine if the dynamics are a result
of nationwide industry trends (national growth share), industry-specific trends (industrial mix share), or
local dynamics (local share). Figure 8 indicates that the decline in the Texas Energy Cluster results from
industrywide decline. In fact, the local share component actually added jobs. This means that Texas has a
more vital Energy Cluster than the industry nationwide.

FIGURE 8: TEXAS COMPARED WITH THE NATIONWIDE ENERGY CLUSTER PROFILE

Avg.
Texas Texas Change in Annual Nat. Indust. Local Location = Location = Change
Employment Employment = Employment = Growth Growth Mix Share Quotient = Quotient inLQ
(2006) (2000) (number) Rate Share Share (2006) (2000) (%)
(%)
140,658 143,687 -3,029 0 4,375 -7,959 555 0.98 1.01 -3

«=

Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000-2006

Figure 9 illustrates the growth-share of a cluster’s economic stages—Seed, Emerging, Expanding, or
Transforming—by comparing the concentration with the growth rate. Clusters and subclusters in the
Expanding stage are considered the most competitive because they have both above-average
specialization (concentration) and employment growth. All clusters to the right of the x-axis show growth
and all clusters above the y-axis are specialized. The size of the graphic bubble represents current
employment size, another important indicator of subcluster importance.

FIGURE 9: INDICATIVE GROWTH-SHARE IMIATRIX DIAGRAM
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As the benchmark comparison of growth to concentration in Figure 10 illustrates, the Texas Energy
Cluster is the largest of all competitor states and less specialized than Louisiana, but it is equally or more
concentrated than other peer states and average in growth and decline. While the Louisiana Energy
Cluster is growing substantially faster than that of Texas, most of this growth is occurring in the
Transportation & Logistics subcluster, rather than in energy generation itself.

Specialization (LQ)

FIGURE 10: GROWTH-SHARE MATRIX OF ENERGY CLUSTER BENCHMARK STATES
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Note: LQ = Location Quotient ; AAGR = Average Annual Growth Rate.

Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000—2006

FIGURE 11: ENERGY CLUSTER COMPETITIVENESS

Average Annual Growth Rate” (%)  Location Quotient (2006) Employment (2006)
Texas 0 0.98 140,658
California 0 0.88 126,976
Pennsylvania -3 0.97 79,082
Louisiana 5 1.10 28,949
lllinois -2 1.00 84,471
New York -1 0.61 74,772
Colorado 0 0.49 16,018

Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000-2006

The cluster’s structure can be evaluated based on firm-level statistics. Longitudinal firm-level data are
collected in a dataset known as D&B NETS. The NETS dataset (National Enterprise Time Series data) is
based on the Dunn & Bradstreet survey data. While Figure 11, on the previous page, shows that Texas has
more employment in the Energy Cluster than all benchmark states, Figure 12 shows that California has

2 The U.S. average annual growth rate for the Energy Cluster is 0 percent.
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the greatest number of enterprises. The Energy Cluster in Texas has fewer, but larger, companies than

the Energy Cluster in California.

FIGURE 12: COMPARISON OF THE NUMBER OF ENERGY ENTERPRISE ESTABLISHMENTS BY STATE

State Energy Establishments 2006° Energy Establishments 2000
CA 2,257 2,619
co 394 449
IL 1047 1,341
LA 293 371
PA 659 824
TX 1,656 2,053
NY 847 1,064

Source: D&B NETS Dataset 1998—2006
FIGURE 13: NUMBER OF ENERGY ESTABLISHMENTS BY STATE AND SEGMENT

2500
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1500 OElectric Power Generation

B Input Manufacturing
OMining
O Power Transmission and Distribution

Number of Establishments

M Regulation and Administration
O Renewable Energy Generation

1000 B Transportation & Logistics

500
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Source: D&B NETS Dataset, 1998-2006

In sum, our analysis of the structure of the Texas Energy Cluster indicates that overall the state is doing
well competitively. Its minimal employment decline is due to nationwide industry trends, and it remains
the largest cluster compared with peer states with average concentration. Firm-level analysis indicates
that Texas has fewer firms than California, but its companies are larger and, of the core producer/supplier
subclusters, they are more likely to be engaged in Transmission and Distribution.

3

D&B NETS is a survey-based dataset; thus, these figures represent a sample of the total population and should be considered representative of
magnitude and trends and not a complete census.
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2.3.2 Diversity: How Broad Is the Texas Energy Cluster?

Cluster diversity is an important element of competitiveness. Strength across a cluster’s subclusters and
diversity in life-cycle stages is indicative of a balanced, competitive cluster. As the growth-share matrix in
Figure 14 shows, the Texas Energy Cluster has significant heterogeneity. While no subclusters are in the
upper right “winner’s box” quadrant, which is indicative of an expanding position, considerable growth
appears in several emerging subclusters, namely Transmission and Distribution, Electric Generation, and
Regulation and Administration. The Transportation & Logistics and Renewable Energy subclusters both
show decline, but high concentration/specialization. These subclusters are considered to be in
transformation; they are going through change driven by external forces. The Mining subcluster is small
and has both declining employment and below-average specialization, which are indicative of a declining
stage development.

FIGURE 14: ENERGY SUBCLUSTER PORTFOLIO
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Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000-2006

An analysis of subcluster strength reveals that Texas has considerable employment and specialization in
the Renewable Energy subcluster (which includes hydroelectric generation, other electric generation, and
supplier segments such as turbine and turbine generator set units manufacturing for wind power) and the
Transportation & Logistics subcluster. As discussed earlier (see footnote on page 10), it is important to
note that employment in Texas utilities that are also engaged in Hydroelectric Power Generation are
included in the Renewable Energy sub-cluster. The Transmission and Distribution and Electric Power
Generation subclusters both show significant increases in competitiveness, as indicated by their
increasing location quotients.
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FIGURE 15: ENERGY SUBCLUSTER COMPETITIVENESS

Avg.
Texas Texas Change in Annual Location Location = Change
Energy Subcluster Employment | Employment = Employment = Growth Quotient = Quotient inLQ
(2006) (2000) X Rate (2006) (2000) (%)
(%)
Mining 2,764 3,121 -357 -2 0.42 0.51 -19
Renewable Energy 21,280 29,529 -8,249 -5 3.32 3.48 -5
Electric Power Generation 4,276 3,014 1,262 6 0.27 0.19 42
Power Trans & Distrib. 10,657 6,789 3,868 8 0.66 0.43 52
Input Manufacturing 11,820 11,610 210 0 0.99 0.99 0
Transportation & Logistics 83,444 84,257 -813 0 1.08 1.12 -3
Regulation and 6,417 5,367 1,050 3 0.65 0.58 12
Administration
TOTAL 140,658 143,687 -3,029 0% 0.98 1.01 -3%

Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000—-2006

The relative competitiveness of the industry segments in the Texas Energy Cluster indicates even greater
economic diversity. The growth-share matrix in Figure 16 illustrates the competitiveness for producer and
supplier industry segments in Texas. The large size and specialization explain the competitive position of
the Texas Renewable Energy subcluster; however, decreasing employment in Hydroelectric Generation
affects the overall healthy Renewable Energy subcluster.” The positive growth of all the electric power-
related segments is noteworthy. In general, the input manufacturing segments are relatively stable, but
mining segments are in decline. Recent Growth Trends in the Texas Wind Industry

The Texas wind industry has developed significantly in recent years, with much of this growth occurring
since 1999, when Texas adopted its Renewable Portfolio Standard. Texas now leads the nation in wind-
powered generation capacity, with installed capacity of 5.31 GW as of March 2008. Wind was the
number one source of new capacity added in Texas in 2006 and 2007, exceeding all other new power
plant additions combined.> In 2007 alone, Texas added 1.6 GW of new wind capacity. Currently more
than 4 GW of new projects are under construction.

While this boom in wind development has led to significant increases in the number of firms and
employees in Texas, some of this growth is not reflected in the benchmark analysis in this chapter due to
a lack of availability of 2007 employment data for benchmark states. An analysis of recently released
Texas employment data for 2007° show that, between 2000 and 2007, the number of firms involved in
wind and alternative generation industries’ in Texas increased by 44 percent and employment in these
industries increased a dramatic 132 percent.

N O b

See footnote on page 10 for Hydroelectric Power Generation segment definition.

Electric Reliability Council of Texas, “Report on Existing and Potential Electric System Constraints and Needs,” December 2007.

Quarterly Employment and Wages (QCEW), Texas Labor Market Information, 2007.

There is no singe NAICS code that corresponds to the wind industry. For this analysis, the codes 333611 (Turbine and Turbine Generator Set Units
Manufacturing) and 221119 (Other Electric Power Generation) were used to provide an estimate of wind industry growth.
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FIGURE 16: ENERGY CLUSTER SEGMENT PORTFOLIO
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Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000—2006

Figures 17 and 18 further examine some key cluster segment-level dynamics. Figure 17 lists the Energy
Cluster segments with above-average (1.00) specialization (LQ). Renewable energy generation tops the list
and is the only producer segment. Not only does it have a very high LQ (4.99), it has experienced an
increase in specialization of 6 percent since 2006.

Figure 18 presents the Energy Cluster segments that increased in competitiveness since 2006. Electric
transmission, distribution, and generation-related segments, as well as renewable energy (including both
input manufacturing for wind turbines and hydroelectric), showed the strongest growth in competitiveness
of the producer/supplier value-chain elements.
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FIGURE 17: SPECIALIZED ENERGY SEGMENTS

Location = Change
Employment = AAG . )
Subcluster Industry Segment Quotient  inLQ
(2006) (%)
(2006) (%)
Renewable Energy Gen. Hydroelectric Power Generation® 20,562 -5 499 6
Transport. & Logistics Short Line Railroads 21 N/A 2.70 N/A
Transport. & Logistics Deep Sea Freight Transportation 1,936 -2 2.23 4
Input Manufacturing Power Boiler and Heat Exchanger Manufacturing 2,298 -2 1.45 -10
Input Manufacturing Air and Gas Compressor Manufacturing 2,336 N/A 1.43 N/A
Power Transm. & Distb. Mechanical Power Transmission Equip. Manuf. 1,709 -2 1.43 5
Transport.& Logistics Inland Water Freight Transportation 1,936 -1 1.36 -21
Transport. & Logistics = General Freight Trucking, Long-Distance, Truckload 49,241 0 1.24 -3
Transport.& Logistics Line-Haul Railroads 30 N/A 1.13 N/A
Input Manufacturing Construction & Mining (except Oil Well) 7,186 0 1.08 -8

Machinery & Equipment Merchant Wholesalers

Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000-2006

FIGURE 18: ENERGY SEGMENTS WITH [NCREASING COMPETITIVENESS

Texas AAGR Location = Change
Subcluster Industry Segment Employment %) Quotient inLQ
(2006) (2006) (%)
Power Transm. & Distb. Electric Bulk Power Transmission and Control 1,160 14 0.46 132
Power Transm. & Distb. Electric Power Distribution 7,788 10 0.62 67
Regulation & Regulation & Administration of Communications, 501 9 0.25 55
Administration Electric, Gas, and Other Utilities
Electric Power Gen. Fossil Fuel Electric Power Generation 4,276 6 0.38 52
Transport. & Logistics General Freight Trucking, Local 13,990 2 0.81 12
Regulation and Administration of Air & Water Resource & Solid 5,916 3 0.75 9
Administration Waste Management Programs
Renewable Energy Gen. Turbine & Turbine Generator Set Units Manuf. 718 1 0.49 7
Renewable Energy Gen. Hydroelectric Power Generation 20,562 -5 4.99 6
Power Transm. & Distb. Mechanical Power Transmission Equip. Manuf. 1,709 -2 1.43 5
Transport. & Logistics Deep Sea Freight Transportation 1,936 -2 2.23 4

Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000-2006

8 According to U.S. Department of Labor, Bureau of Labor Statistics, (BLS), employment in Texas for Hydro Electric Power Generation (NAICS 221111) in
2006 was 20,562 (and 28,825 in 2000) - 15,378 comes from private sector employment and 5,184 from local government employment. According to
the BLS definition, this industry comprises establishments primarily engaged in operating hydroelectric power generation facilities. These facilities use
water power to drive a turbine and produce electric energy. The electric energy produced in these establishment is provided to electric power

transmission systems or to electric power distribution systems. The data published with NAICS code 221112 is comprised of these parts of the

following SIC industries: (4911) Electric services - hydroelectric power generation, (4931) Electric and other services combined - hydroelectric power
generation, and (4939) - Combination utilities nec - hydroelectric power generation.

«
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Overall, Texas has a very broad and diverse portfolio of subclusters in the energy industry. Despite its
declining employment, the renewable energy and hydroelectric power generation segment is not only
extremely concentrated in Texas (indicating the state’s existing competitiveness), but its specialization has
increased by 6 percent since 2000.° The transmission and distribution segments also have seen
considerable growth in specialization, a further indication of the strong and increasing competitiveness in
Texas in critical segments of the Energy Cluster.

2.3.3 Depth: How Deep Is the Texas Energy Cluster?

Cluster depth is another critical element of competitiveness because it shows the degree to which a
cluster supports itself with in-state inputs and how it contributes to the surrounding economy. Strength
along the cluster’s value-chain is indicative of a cluster that can capture economic value by providing its
own producers, suppliers, and foundation support. Value-chain depth changes over time: growth of
outsourcing occur when advantages do not meet the market test. The lack of local input advantages leads
to the hollowing out of clusters. Clusters can still remain competitive and economically important if they
specialize in the higher value-added portion of the cluster.

Texas has strong industry representation along the entire energy value chain, including Producers (energy
power generation subcluster, and the segments of mining, transmission and distribution, and renewable
energy), Suppliers (input manufacturing and the segments of mining, transmission and distribution, and
renewable energy), and Foundations (the subclusters of Regulation and Administration and
Transportation & Logistics). As Figure 19 shows, Texas has a strong employment base and increasing
competitiveness along each of the value-chain elements.

FIGURE 19: ENERGY CLUSTER VALUE CHAIN COMPETITIVENESS

Employment Employment AAGR

Value-Chain Element (2006) (2000) (%) LQ 2006 LQ 2000
Producer 35,954 39,065 -1 0.91 0.82
Supplier 14,843 14,998 0 0.94 0.88

Foundation 89,861 89,624 0 1.21 0.90

Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000-2006

A disaggregated analysis of the value-chain conducted at the subcluster level allows for a more granular
understanding of the Texas competitiveness level. All subclusters, with the exception of Mining, show
increasing location quotient competitiveness. The shift-share analysis indicates that, despite negative
average annual growth rate in some subclusters, the net decline is attributable not to the
competitiveness factors in Texas, but rather to overall national industry trends. The exceptions are the
Mining and Input Manufacturing subclusters.

9 See footnote on page 10 for Hydroelectric Power Generation segment definition.
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FIGURE 20: ENERGY CLUSTER VALUE CHAIN SUBCLUSTER DEPTH

Avg.
. Ann. Nat. Indust. Location Location = Change
Value Chain Employment ] Local . . .
Position Subcluster (2006) Growth = Growth Mix Share Quotient = Quotient inLQ
Rate Share Share (2006) (2000) (%)
(%)
Foundation | Transportation & 83,444 -1 2,565 -3,487 58 1.39 1.01 37
Logistics
Foundation Regulation and 6,417 6 163 22 865 0.50 0.43 18
Administration
Producer Mining 2,168 -1 72 338 -596 0.40 0.53 -24
Producer Renewable 20,562 -3 878 -11,09 1,944 2.50 2.34 6
Energy 5
Generation
Producer Electric Power 4,276 3 92 -400 1,570 0.19 0.12 52
Generation
Producer Power 8,948 12 148 =22 3,960 0.54 0.29 89
Transmission &
Distribution
Supplier Mining 596 -4 23 -195 1 0.71 0.74 -3
Supplier Renewable 718 1 21 -67 70 0.49 0.46 7
Energy
Generation
Supplier Power 1,709 -2 59 -419 142 1.43 1.36 5
Transmission &
Distribution
Supplier Input 11,820 -25 353 -346 | -2,13 0.99 0.90 11
Manufacturing 3

Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000—-2006

In sum, Texas is well able to support the full value chain of its energy economy, a critical factor in
maintaining competitiveness in the face of increasing globalization.

2.3.4 Dynamism: How Entrepreneurial is the Texas Energy Cluster?

Cluster dynamism is a measurement of the level of entrepreneurship compared with stable
establishments in a given cluster or subcluster. This analysis uses the D&B NETS firm-level data to assess
age structure and geographic movement patterns of individual firms. Clusters with a significant
percentage of firms younger than 5 years old were considered entrepreneurial (dynamic) compared with
clusters that have a significant percentage of stable firms 10 years or older. In addition, the relocation
patterns of existing firms provide further insight into trends in employment shifts.

«:
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As Figure 21 shows, of the firms that are currently active in the Texas
Energy Cluster, more than two-thirds were established before 1995. A strong indicator of the
longstanding competitiveness in the Texas Energy Cluster, all of the individual energy subclusters—
Mining, Renewable Energy Generation, and Transmission and Distribution in particular—have a high
percentage of firms that were established before 1995. In addition, Texas’s competitive environment is
highly supportive of the generation of new firms; 11 percent of all firms in the Energy Cluster in Texas
have been established since 2000.

FIGURE 21: FIRM DYNAMISM—PERCENTAGE OF ESTABLISHED ENERGY FIRMS COMPARED WITH PERCENTAGE OF NEW FIRMS
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Source: D&B NETS Dataset, 1998-2006

The strong competitiveness in the Texas Energy Cluster is also apparent from
the number of firms that have relocated to Texas from other states. Of all firms that are currently active in
the Energy Cluster, nearly 5 percent have relocated to Texas from other U.S. states. While most of these
firms belong to the Transportation & Logistics subcluster, firms in Input Manufacturing also have relocated
to Texas. While this gain in the number of firms has been somewhat offset by the loss of firms moving out
of Texas to other states, more than half of move-out firms belong to the Transportation & Logistics
subcluster as well. Overall, Texas is gaining cluster firms, with more than twice the number moving into the
state than leaving.
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FIGURE 22: FIRM DYNAMISM—PERCENTAGE OF FIRMS IMOVING [NTO AND QUT OF TEXAS
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2.3.5 Autonomy: How Independent is the Texas Energy Cluster?

The autonomy of state’s cluster is defined by the relative proportion of headquarter firms to branch
locations (See Figure 23). A key element of autonomy is a cluster firm’s ability to make key decisions
locally. Economies generally benefit from having the headquarters of a firm; however, not every locality
can attract firm headquarters because headquarters typically locate in close proximity to suppliers or
producers, raw materials, or a premier business district in a global city.

FIGURE 23: SPECTRUM OF CLUSTER AUTONOMY

Headquarters ——| Stand Alone |—— Branch

As Figure 24 shows, Texas has a high percentage of standalone firms in the
Energy Cluster, indicative of a high level of firm autonomy. Seventy-nine percent of all firms in the cluster
are standalone firms, whereas 18 percent of the firms are branch locations and 2 percent are
headquarters. However, 50 percent of all firms in Electric Power Generation and 74 percent of all firms in
Regulation and Administration are headquarters. This significant percentage clearly indicates the state’s
importance nationally as well as globally in these subclusters.
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FIGURE 24: FIRM AUTONOMY—PERCENTAGE OF HEADQUARTERS, BRANCHES, AND STANDALONE FIRMS
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In sum, only 18 percent of all Energy Cluster firms in Texas are branch locations, indicating a highly
autonomous cluster with extensive local control. Moreover, key core subclusters, such as Electric Power
Generation and Transmission and Distribution, have a small, but significant, headquarters presence.

2.4 ENERGY CLUSTER CONCLUSIONS: AN EMERGING STAGE CLUSTER

The Texas Energy Cluster is strong competitively. Its minimal employment decline is due to nationwide
industry trends in one segment, and it remains the largest cluster compared with benchmark states having
average concentration. Texas has a very broad and diverse portfolio of subclusters, and it can well support
the full value chain of its energy economy. The cluster also exhibits a high degree of stability, which has
created a competitive base that supports entrepreneurship and attracts firm relocations from competitor
states to Texas.

A life-cycle analysis of the Energy Cluster segments shows that this cluster is in a rapidly changing stage of
development. Four segments are clearly in the Emerging stage (i.e. fast growth, lower concentration) and
three segments are at the threshold of the Emerging and Expanding stages. The mature Hydroelectric
Power segment is experiencing declining growth relative to the other segments, despite its large size. Key
segments, such as Electric Bulk Power, Electric Distribution, and Fossil Fuel Electric Power Generation are
growing faster than average. Turbine Set and Turbine Manufacturing, Construction Equipment, and Air and
Gas Compressor Manufacturing are just at or above the average growth rate.

ICF International 08-058 ~ July 2008

«=



/ >
@

«z

When industries are in the Emerging stage of their life cycle, their competitiveness needs are characterized
by specific economic realities. Satisfying these realities in a timely way will have significant impact on
continued cluster success:

*

\WORKFORCE—IMIEET EXPANDING SKILL NEEDS: Emerging stage clusters have rapidly growing skill needs in
specialized occupations that may not be available. The cluster response is to draw labor from other
clusters (bidding up wages and exacerbating shortages), use out-of-state recruitment (expensive), or
assist the workforce system to increase output (takes time). State policies for emerging stage
clusters usually focus on linking employers and community colleges to provide “just-in-time” training
on key knowledge and skills and add instructional capacity in needed new trades or professional
areas.

RESOURCES—FEEDSTOCK FOR ENERGY: Traditional energy generation industries have located near
markets and use natural gas, lignite, coal, and uranium to produce electricity. The volatility in the
cost of natural gas as well as the impact of potential federal carbon policies are issues that
policymakers and industry must work together to address. Many new and emerging energy
generation technologies are located in more remote areas of the state where the wind and sun are
abundant. New transmission networks will allow these resources to be distributed broadly across
Texas.

INFRASTRUCTURE—ANTICIPATE GROWTH: Emerging stage clusters grow where there is either existing
infrastructure or growing demand. For example, in the case of wind energy generation, industry has
grown where wind is strong (West Texas), but now crucial transmission capacity lags behind output
potential. State policies have moved more quickly in Texas than in other states to build
infrastructure enabling continued expansion. This decisive action has drawn wind investment to
Texas.

INNOVATION—AGGREGATE DEMAND: Emerging stage clusters tend to implement recent technologies,
but have lower retained earnings for investment in R&D on their own behalf. They tend to be more
dependent on suppliers that understand their specific needs and can provide for their technical
demands. State policies for Emerging stage clusters can help identify and link technical suppliers to
the value-chain to accelerate adoption of market-ready solutions. The state can also aggregate
market demand among companies to create economies of scale for R&D initiatives, with the state
matching some portion of the costs through in-kind support from universities or technology centers.
Further, R&D partnerships may be developed (as with Texas’ Emerging Technology Fund) to focus on
parts of the emerging value chain where more value might be captured in the Texas economy
through commercialization of innovation.

GOVERNANCE—APPROVAL MANAGEMENT: Emerging stage clusters are more vulnerable to uncertainties
related to permit approval and governmental review processes because they are newer and have
more time pressure from markets and investors. For this reason, the state should review siting and
permit-processing systems to ensure that they are ready to move ahead in a timely manner when
projects arise.

Next, Chapter 3 provides a detailed analysis of the Petrochemical and Upstream Cluster. Following that,
Chapter 4 gives a detailed assessment of the Texas economic foundations and their capacity to meet the
needs of the Energy Cluster.
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SECTION THREE: THE PETROCHEMICAL AND UPSTREAM CLUSTER

The Petrochemical and Upstream Cluster encompasses upstream oil and gas production, refining, and the
petrochemical and biofuel industries. These industries have established Texas as the global oil and gas hub.
With the discovery of Spindletop in the early 1900s, petroleum began to displace agriculture as the
principal engine driving the Texas economy.

The Upstream sector is responsible for exploring for oil and gas, identifying viable resources as reserves,
and extracting crude oil and natural gas to provide a reliable supply of raw materials to the Downstream oil
and gas sector. The Downstream sector includes the oil refineries, gas-processing plants, and long-distance
refined product and gas pipelines that take the end product to large storage terminals near major demand
centers for further distribution to consumers. The petrochemical industry uses natural gas and natural gas
liguids (NGL) produced by the gas processing plants and refineries as their primary feedstock to produce
petrochemicals.

The Petrochemical and Upstream Cluster is a long economic value-chain, supported by an extensive
industry supply-chain that provides equipment, services, and research and development capacity.

The breadth and depth of the Texas Petrochemical Cluster value chain have been a key driver of its growth
and competitiveness. Petrochemical companies located adjacent to refineries or gas-processing plants
receive raw materials from local sources, the proximity of which allows efficiency and business synergies.
Pipelines have been developed to move products between facilities, but more importantly to provide
access to all markets in the United States. Texas service providers can reach multiple clients in their home
regions, across the state, and beyond. The scale of the industry and number of producer companies and
associated service providers supports a competitive and robust marketplace.

The development of this cluster over the years has been a remarkable entrepreneurial effort by industry
and the state, which has recognized the value of the oil and petrochemical industries to Texans and the
economy. The state has worked to create a competitive business environment for the industry, including
streamlining permitting processes for investment and maintaining a favorable state tax environment for the
industry and citizens.

The Petrochemical and Upstream Cluster is at a critical stage in Texas and globally. Global prices for fossil
fuels are at an all-time high, and countries in the Middle East and China are investing to meet demands that
are growing rapidly in those areas. Countries in the Middle East have access to very low-cost raw materials
and their expansion plans are likely to pose a growing competitive challenge to Texas. Potential federal
legislation to manage carbon may have a profound impact on this cluster, while at the same time opening
new opportunities to produce energy from biofuels. The well-developed Texas infrastructure of pipelines,
waterways, railways, and highways has become congested in many areas and these limitations are
impacting business costs and the supply-chain advantage. Texas’ petrochemical workforce is being
stretched by growing demand for professionals and skilled craftsmen, just as many experienced workers
enter retirement.
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At the same time, as the trends described above are impacting the refining and petrochemical companies,
upstream companies are facing declining oil and gas production in the United States as the existing fields
mature. Massive investments in Alberta tar sands, Rocky Mountain gas, and West African and Brazilian oil
fields are shifting the development focus away from Texas.

This set of global trends may threaten the strong, globally-competitive position that Texas has maintained
for some time. Some of these threats are external to the state and their causes may be difficult to tackle;
other trends may be addressed by the state and the industry. None of these issues have an easy answer,
and collaboration between the state, industry, and other stakeholders will be a necessary element to allow
Texas to maintain its competitiveness in the global petrochemical and upstream economy.

High petroleum prices have provided a stronger incentive for development of alternative energy sources,
such as biofuels, which are still in their early stages of commercial development. Biofuels continue to rely
on incentives to be price-competitive with fossil fuels. As fuel prices continue to escalate, biofuels may
become more attractive. Activities in this segment have focused extensively on obtaining capital and
making R&D investment to identify processes and technology breakthroughs to lower costs.

3.1 CLUSTER BUILDING BLOCKS AND STRUCTURE

The Petrochemical and Upstream Cluster includes industries that produce and use petroleum or bio-based
feedstocks to manufacture goods ranging from transportation fuels to consumer chemicals and derivative
products. The overall cluster consists of a multilayered set of economic relationships, as depicted in Figure
25.

FIGURE 25: PETROCHEMICAL AND UPSTREAM CLUSTER VALUE CHAIN
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The Petrochemical and Upstream Cluster and its value chain have three distinct economic layers. The top
layer is the Producer level: the companies and business segments that sell products into the market and
purchase raw materials and supplier services to manage their business. The Producer level generates its
economic impact through designing products, purchasing supplies, and producing and distributing
products, directly or through intermediaries. The product of Upstream oil and gas producers also provides
raw material inputs to refining and petrochemical producers in the cluster. The middle layer, or Supplier
level, includes the support service companies that provide equipment, technical engineering, and
maintenance services, parts, and equipment to the Producer layer.

Globally, economic competitiveness in this cluster is determined by the producers’ access to the raw
materials inputs and services necessary for operations. Economic value rises from more than the final sale
of goods, but it is compounded by the capturing of a larger percentage of the total value added. Therefore,
states and regions with a deeper value chain reap a higher economic harvest in terms of multipliers. The
Texas Petrochemical and Upstream Cluster consists of powerfully integrated economic engines, not simply
production platforms.

The economic input Foundation layer is critical to the success of this cluster. These foundations include
workforce, infrastructure, governance, and innovation, which are covered in detail in Chapter 4. The Texas
Petrochemical and Upstream Cluster has unique depth and breadth, supported by a strong foundation of
world-class oil and gas producers, refining and petrochemical facilities, and developing biofuel plants.

3.2 TRENDS SHAPING THE OQVERALL CLUSTER

The primary forces shaping the future of the Petrochemical and Upstream Cluster are global economic
growth and availability of and access to natural resources. As economic development continues to surge in
emerging economies and non-OECD' countries, demand will grow significantly for energy generation and
transportation fuels, and the chemicals needed for consumer goods.**

This increased demand for fuel translates into higher demand for oil products. Figure 26 shows the
expected trend of global growth in oil supply and demand. This trend will create significant changes to the
core industries in Texas.

Overall oil demand is expected to increase from 84.7 MMBPD™ in 2006 to 116.7 MMBPD in 2030. Almost
65 percent of this increase is in the Middle East and Asia, driven primarily by demand growth in China and
India. At the same time, the supply of oil from the same region will also increase substantially, primarily
from the Middle East. The shift in oil demand and supply away from the historic demand centers of North
America and Europe will create a significant change in global oil balances. The Middle East as an economic
region has a strong competitive edge over Texas-based production in supplying new global growth markets
due to low-cost supply and proximity to growth markets, although Texas firms may individually be active in
those overseas markets.

10 Organization for Economic Co-operation and Development.
11 See Error! Reference source not found., which shows a forecast of 55 percent growth in energy demand by 2030 (International Energy Agency).
12 Million barrels per day.
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FIGURE 26: GLOBAL OIL SUPPLY AND DEMAND, 2006—2030
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3.3 DOWNSTREAM INDUSTRY TRENDS

The shift in demand is already occurring. The increased demand for transportation fuels and
petrochemicals has already triggered projects to increase manufacturing capacity in emerging markets.

Demand for petrochemicals is steadily increasing, albeit at a low rate of 1 to 2 percent annually, in
mature economies such as the United States and the European Union (EU); however, the real growth in
demand is occurring in those countries classified as newly emerging markets, namely China, India,
Vietnam, Russia, Brazil, and the Middle East. Figure 27 on the next page shows recent production
expansion for ethylene, a key petrochemical building block for many consumer goods.

Figure 27 shows that ethylene capacity is forecast to grow globally from 122 million metric tonnes per
year in 2006 to 157 million tonnes in 2011. Of this increase, 30 million tonnes are planned and under
construction in Asia and the Middle East.® The capacity growth in these regions is driven by high
demand, but also by the significant competitive advantages previously identified. The region has very
low feedstock costs, including stranded gas,** low labor costs, and relatively less intensive environmental
regulations and monitoring requirements. The growth in capacity in the Middle East and Asia contrasts
highly with the essentially flat ethylene growth in Europe and the United States. Downturn cycles in the

13
14

Oil and Gas Journal, July 17, 2007, from a report by CMAI Associates.
Stranded gas is gas that is produced with oil production, but without access to markets; it is typically flared (burned). New projects can capitalize on
this “free” gas.
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petrochemical industry will be less of a problem for the emerging capacity growth markets because they
are expected to be the global low-cost producers. This poses a competitive risk to Texas. The Oil and Gas
Journal’s 2007 Ethylene Report13 predicts that North America will be importing ethylene by 2011.

FIGURE 27: GLOBAL ETHYLENE PRODUCTION TREND, 2000-2011
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Source: “Global ethylene capacity increases slightly in 2006”, David Nakamura, OGJ, Volume 105 Issue 27

The trends in refining capacity are very similar to petrochemical capacity growth. Figure 28 shows the
trend in refining capacity from 2007 to 2014, based on forecasts from the Oil and Gas Journal and ICF’s
refinery capacity investment tracking database.

This table indicates that U.S. refinery capacity growth will increase by about 10 percent from 2007 to
2014. Texas has several projects contributing to this increase, including expansions at Motiva and Valero
in Port Arthur. Global capacity growth (excluding the United States) will increase by over 20 percent in
the same timeframe, with the Middle East, India, and China being the major locations of new capacity.
Refining capacity growth, as with petrochemicals, enjoys similar benefits on feedstock, labor, demand,
and environmental issues in these regions. Several of the projects in the Middle East and India are
specifically targeted to export markets as well as local demand.

FIGURE 28: GLOBAL AND U.S. REFINERY CAPACITY GROWTH, 2007-2014

Total Refinery Capacity as of Jan 1 (Million barrels/day)

Region 2007 2008 2009 2010 2011 2012 2013 2014

Total U.S. 17.4 17.5 17.6 17.8 18.2 18.7 18.8 19.1

Total World excluding U.S. 67.9 68.8 71.3 73.5 75.5 77.7 81.4 82.3
Total World 85.2 86.3 88.9 91.2 93.7 96.4 100.2 101.4

Source: Oil & Gas Journal, ICF analysis of capacity expansions
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Production levels of biofuels in the United States have increased substantially in recent years due to the
Renewable Fuel Standard (RFS) enacted in 2005 and increased in December 2007 as part of the Energy
Independence and Security Act (EISA). Biofuel production for transportation fuels has centered on
ethanol and biodiesel in the United States and many other countries. The growth in biofuels has been
driven by a number of factors: (1) the federal RFS; (2) tax credits for blending ethanol ($0.51/gallon) and
biodiesel (51.00/gallon); (3) an import tariff of $0.54/gallon on ethanol from Brazil and other markets,
and (4) lower market prices for ethanol versus gasoline.

These actions have caused U.S. biofuel companies to increase capacity and production of ethanol and
biodiesel rapidly (see Figure 29).

FIGURE 29: U.S. ETHANOL AND BIODIESEL PRODUCTION TRENDS, 2002—2007
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The full impact of the RFS in 2022 would be biofuel production levels of 36 billion gallons, or about five
times the 2007 production volumes. These volumes will require substantial additional research,
development, and commercialization of second- and third-generation biofuels technologies.

Downstream Comparison with Benchmark States and Countries

This section benchmarks Texas against several other states and countries with significant petrochemical
and refining assets to identify relative trends and determine if Texas is sustaining its leadership.

We compared Texas with five other states, chosen based on a combination of refining capacity,
petrochemical capacity, and overall impact on the industry. Benchmark states compared were Louisiana,
California, lllinois, Pennsylvania, and Oklahoma.
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Figure 30 shows the trend in both refining and petrochemical capacity (as measured by ethylene
production) from 2003 to 2006 in Texas and the comparison states."

FIGURE 30: COMPARISON OF TEXAS TO BENCHMARK STATES ON CAPACITY, EMPLOYEES AND [NVESTMENT, 2003—-06

Petroleum Refining
2006 Change vs. 2003
Capital Capital
Expenditure* Employees Expenditure
2008 State Refinery Capacity, TBD Employees™ ($1,000) % %
Texas 4,709 20,712 3,214,997 1% 63%
68% of Louisiana 2,986 8,853 1,413,865 -2% 24%
us California 2,032 12,621 1,227,232 12% 18%
Total lllinois 908 4,695 553,405 -11% -7%
Pennsylvania 77 6,761 422,140 9% 61%
Oklahoma 493 2,858 361,751 -2% 97%
Petrochemical Production
2006 Change vs. 2003
Capital Capital
2007 State Ethylene Capacity, Expenditure** Employees Expenditure
tonnes/year Employees** ($1,000) % %
Texas 20,381,000 39,180 2,653,905 -15% 62%
96% of Louisiana 6,492,245 16,044 1,111,853 -13% 68%
uUs lllinois 550,000 9,857 355,414 -2% 55%
Total Pennsylvania 225,000 8,299 332,415 -9% 149%
California 0 7,408 133,632 -3% -16%
Oklahoma 0 0 0 0% 0%
*NAICS Codes 3241
**NAICS Codes 3251, 3252

Sources: Refinery Capacity-ICF Analysis, Ethylene Capacity-OGJ International Survey of Ethylene from Steam Crackers—2007

The data indicate that Texas has by far the largest refining and petrochemical capacity among the
comparison states. Louisiana is second in both categories, as both Louisiana and Texas are the core
states for the refining and petrochemical industries.

The level of investment in refineries and petrochemical plants in 2006 shows substantial increases in
investment over 2003 levels for most states, with Texas having over double the investment of competing
states.

Analysis of employment figures in the refining and petrochemical sectors shows that, in all cases except
Texas and Pennsylvania in refining, the number of employees declined from 2003 to 2006. This occurred
despite the increase in investment level. In general, the decline in employees is believed to be driven
primarily by additional automation of refineries and continued focus on cost management in both
sectors, particularly petrochemicals. In both refining and petrochemicals, Texas has significantly more
people employed than the competitor states.

15 Capacity data are based on Oil and Gas Journal reported capacities. Data on employees and capital investments are based on NAICS code data for
both years.
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Texas, like many other states, has lagged behind the Midwest in development of ethanol production. In
2007 and 2008, Texas achieved some growth in ethanol production, with about 350 million gallons of
corn-based capacity now in place or under construction (about 5 percent of U.S. ethanol capacity). Texas
has significant potential to develop ethanol and biodiesel from second- and third-generation feedstocks
such as switchgrass, jatropha, and micro-algae, which may not have a significant impact on food prices.

Texas was compared to five countries: Canada, China, India, Australia, and the United Arab Emirates
(UAE). These countries provide a mix of nations with strong access to oil and petrochemical resources
(Canada, UAE), high refining capacity and planned growth (China and India), and a technically strong but
mature market (Australia).

Figure 31 shows the current capacity in the comparison countries for refining and petrochemicals
(ethylene) and the planned investments in capacity that have been announced.

FIGURE 31: REFINERY AND ETHYLENE CAPACITY QUTLOOK

Total Refinery Capacity as of January 1 (Mb/d)
State/Country 2007 2008 2009 2010 2011 2012 2013 2014

Texas 4.7 4.7 4.7 4.7 4.7 5.0 5.0 5.0
Canada 2.0 2.0 2.0 2.0 2.0 2.0 2.6 2.9
China 7.5 7.8 8.5 8.7 9.1 9.1 9.3 9.3
India 2.3 2.3 3.0 3.2 3.6 3.9 4.0 4.0
UAE 0.8 0.8 0.8 0.8 0.8 0.8 1.3 14
Australia 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7

Ethylene Capacity as of Jan 1 (thousand tonnes per day)
State/Country 2007 2008 2009 2010 2011 2012 2013 2014

Texas 55.8 55.8 55.8 55.8 55.8 55.8 55.8 55.8
Canada 15.2 15.2 15.2 15.2 15.2 15.2 15.2 15.2
China 19.1 19.1 25.1 27.1 30.7 36.2 36.2 40.0
India 6.9 6.9 6.9 9.1 12.1 12.7 12.7 12.7
UAE 1.6 1.6 1.6 1.6 5.8 5.8 5.8 5.8
Australia 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

Sources: Refinery Capacity- ICF analysis; “Global ethylene capacity increases slightly in 2006,” David Nakamura, OGJ, Volume 105 Issue 27
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The refining capacity outlook indicates Texas is likely to grow less than 10 percent in refinery capacity
through 2014, with the bulk of this increase due to Shell/Motiva’s major expansion in Port Arthur. The
Motiva project will result in the largest refinery in the United States. Other expansions (e.g.
ConocoPhillips in Borger) will also occur in Texas over this period. In contrast, the group of competing
countries shows an increase in capacity of over 37 percent in the same timeframe, with all of the
countries except Australia showing much greater capacity growth than Texas.

In petrochemicals, the current ethylene forecast for Texas is flat, as it is in Canada and Australia. China,
UAE, and India are developing projects to increase ethylene production capacity by over 100 percent by
2014. Other Middle East countries (e.g., Iran, Saudi Arabia) are also planning massive growth in ethylene
and other basic petrochemical products. These countries have significant cost advantages in feedstocks
versus Texas- and U.S.-based petrochemical companies. This advantage is due to the availability of
stranded natural gas and natural gas feedstocks, which are not currently creating value if they are being
flared as byproducts in the oil production process.

3.4 UPSTREAM INDUSTRY TRENDS

Petrochemical trends indicate demand for oil and gas is widely spread around the world because it is
dependent on population centers and level of industrialization. The Upstream sector, on the other hand, is
concentrated in certain locations because it is highly dependent on natural resources for its growth. This
section discusses the overall trends in oil and natural gas production.

A few countries have the major share of global production and exports of oil, primarily Organization of
the Petroleum Exporting Countries (OPEC)-based countries. In recent years, the increase in oil and gas
production has occurred primarily outside of North America and Europe. Figure 32 summarizes oil and
gas production changes in the major countries of the world over the 5-year period from 2001 to 2006.
Russia and countries in the Caspian region led the way in oil production increases, followed by the
increases in Africa and the Middle East. Asia and Latin America have seen flat oil production but
significant increases in gas production. Europe has experienced a significant decline in oil production and
almost no change in gas production over this period. The United States and U.K. are the only countries
where both oil and gas production declined.

Most of Canada’s growth in oil production has come from oil sands. Production from this source has
offset declines from mature conventional fields. Canada’s gas production has been declining significantly
as the existing fields mature, and new regions with high gas potential, such as the Mackenzie Delta, have
not yet been tapped.
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FIGURE 32: PRODUCTION CHANGES IN KEY OIL AND GAS PRODUCING COUNTRIES BETWEEN 2001 AND 2006
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Source: Energy Information Administration

The Upstream sector in Texas is facing continued declines in oil and gas production from conventional
sources. Gulf Coast sources of natural gas will continue to mature and decline, making unconventional
shale production the main source of future growth in natural gas production in Texas. Two of the largest
growth areas are the Barnett shale basin in North Texas and the Bossier tight sands in East Texas.
Unconventional gas resources will be the major sources of growth in the future, but the technology
required to develop these resources is challenging. Each shale basin is unique in terms of depth,
thickness, organic content, maturity, natural faulting and fracturing, and other characteristics. The
combination of these factors determines what technology can be used to develop it. Research in this
area is critical to the growth of shale gas production.

Due to increased demand and maturing supply, Texas will no longer be a net exporter of fossil fuels. As a
result of this source adjustment, the flow dynamics of Texas pipelines will continue to change. Whereas
gas traditionally flowed from Gulf Coast production areas north and farther into the state, these flows
are beginning to reverse. For example, pipelines connecting the Houston and Dallas/Ft. Worth areas now
flow south as increased production in the Dallas/Ft. Worth area is required to meet increasing demand
in Houston, where production is declining.
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Liguefied natural gas (LNG) is also becoming a new source of supply for Texas, with Freeport LNG coming
online and receiving its first shipment this year and Golden Pass LNG slated to come online in 2009.
Because other international markets, namely Japan and Europe, are willing to pay prices near that of oil
for LNG, it is expected that imports of LNG into Texas will need to be at competitive world prices to
attract supply.

Because most conventional oil fields in Texas are mature, almost all incremental oil production in the
state will come from EOR techniques. The main technique involves injecting carbon dioxide (CO2) into a
reservoir, where it expands and forces more oil to the wellbore and reduces the viscosity of the oil,
thereby improving the flow rate. While this process cannot be used to create new wells, it does have the
ability to extend the life of current wells. Estimates indicate that “incremental recovery from CO2-
floodable reservoirs in the Permian Basin [is between] 500 [and] 1 billion barrels.”*® The natural decline
in oil production has been mitigated by increasing use of EOR techniques for secondary and tertiary
recovery.

Texas has been a leader in oil and gas production within the U.S., accounting for 21.3 percent and 28.4
percent of the country’s oil*” and gas'® production in 2006. In fact, the state has higher production than
most countries of the world. While oil and gas production in the U.S. declined by 12.1 percent and 5.5
percent between 2001 and 2006, oil production in Texas declined by only 6.4 percent and gas
production increased by 4.4 percent. Due to continued increases in shale gas production, Texas’ share of
national gas production increased to 30.2 percent in 2007. However, Texas oil production continued to
decline.” This section will provide a competitive comparison between Texas and other natural gas- and
oil-producing states and countries.

TEXAS AND OTHER [MIAJOR NATURAL GAS-PRODUCING STATES. Texas produces the largest amount of natural gas
among states in the United States. The second- and third-highest producing states are Louisiana and
Colorado, which both produce less than one-fourth of Texas’ volume of natural gas. Recent gas
production forecasts for Texas and other key states are shown in Figure 33. Spurred by significant
growth in the East and North Texas shale areas, growth is expected to be near 700 billion cubic feet (Bcf)
per year by 2020. This amount is over twice the projected growth in Colorado. While Louisiana
production grows through 2012, it is expected to decline thereafter, due to the continuing maturity of
conventional resources in the state coupled with slow growth of production in the offshore waters.

16
17

18

19

“C0O2 EOR Technology: Technologies for Tomorrow’s E&P Paradigms,” U.S. Department of Energy National Energy Technology Laboratory, Mar 2006.
Energy Information Administration, “Crude Oil Production by State, Petroleum Navigator,” <http://tonto.eia.doe.gov/dnav/pet/pet_
crd_crpdn_adc_mbblpd_a.htm>, 22 April 2008. Texas production average 1,088 mmbpd out of national average of 5,102 mmbpd.

Energy Information Administration, “State Energy Profiles, Texas,” <http://tonto.eia.doe.gov/state/state_energy_profiles.cfm?sid=TX>, 15 May
2008.

2007 averages based on monthly oil and gas state production data available from the EIA website.
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FIGURE 33: U.S. NATURAL GAS PRODUCTION BY STATE, 2008—2020

7000
6000 -

A

(=3

(=3

o
!

w b
o O
oS O
o o
! !

Bcf per year

N

(=4

(=3

o
!

Texas Louisiana California lllinois Pennsylvania Colorado
@ 2008 W 2012 02016 W 2020

Source: ICF International 2008 March Base Case

TEXAS AND OTHER MAJOR NATURAL GAS-PRODUCING COUNTRIES. Currently, natural gas production in Texas is
outpaced only by Canada’s and is nearly triple that of Australia/New Zealand, India, China, and the UAE
among the benchmark countries. By 2020, Texas is projected to overtake Canada in production resulting
from a declining trend in Canadian production and increasing Texas shale gas supply.

Australia/New Zealand and China are projected to have the most significant growth by 2020 (Figure 34).
China’s gas most likely will be used internally, like that of Texas, to help feed the growing Chinese
economy. The majority of Australia/New Zealand production will be exported as LNG since the two
countries surplus capacity will be near 4 trillion cubic feet (Tcf) in 2020.%°

FIGURE 34: NATURAL GAS PRODUCTION IN TEXAS AND SELECTED COUNTRIES, 2008—2020
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Sources: ICF International 2008 March Base Case; Country interpolations of the EIA’s International Energy Outlook 2007; interpolations of IEA’s World
Energy Outlook 2005 (UAE)

20 Based upon ICF International March 2008 Base Case assumptions.
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TEXAS AND OTHER [MIAJOR QIL-PRODUCING STATES. Texas is currently the leading oil producing state in the
United States and is expected to remain at the top. Figure 35 shows the production trend in Texas
compared with other states. For 2008, Texas is forecast to produce close to 400 million barrels of oil,
roughly 1.5 times as much as California. Aside from minimal increases in production in California and
Illinois, all other major oil-producing states are projected either to decrease in production or remain flat.

FIGURE 35: PROJECTED U.S. OIL PRODUCTION BY STATE, 2008—2020
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TEXAS AND OTHER MAJOR OIL-PRODUCING COUNTRIES. In 2008, Canada, China, and the UAE are all expected to
produce nearly three times as much oil as Texas. The production differential between these countries and
Texas is only expected to grow as production of oil in Texas declines and production in Canada and the UAE
increases. Despite the relative maturity of Canadian conventional oil fields, overall production in the
country is expected to increase due to development of oil sands and bitumen fields (Figure 36).

FIGURE 36: PROJECTED QOIL PRODUCTION IN TEXAS AND SELECTED COUNTRIES, 2008—2020
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3.5 SUMMARY OF TRENDS

REFINING AND PETROCHEMICAL, Texas remains the most significant refiner and chemical producer in the United
States, and major refining expansions in the Port Arthur region will cause Texas to grow refinery capacity
more than any other U.S. state in the next few years. However, international competitors, particularly in
the Middle East and Asia, are rapidly deploying new refining and petrochemical capacity to meet demand
growth. The threat of this new production from relatively low-cost suppliers will make it more difficult for
Texas’ products, particularly chemical products, to compete in the global marketplace. Texas and U.S. firms
may be exposed to low-cost imports from these markets, which could depress margins and profits.
Enactment of federal carbon legislation, and even the uncertainty created by the threat of such legislation,
has a grossly disparate effect on Texas because of its leading role in the refining and petrochemical
industries.

BIOFUELS. Global production of biofuels is expanding rapidly, but there are increasing concerns related to
the impact on food prices from corn-based ethanol and other grain sources. On April 25, 2008, Governor
Perry sent a letter to the U.S. Environmental Protection Agency (EPA) requesting a waiver for a portion of
the Renewable Fuel Standard, based upon data demonstrating that implementation of the mandate is
having a negative impact on Texas’ economy. The Governor noted that the RFS, though a well-intentioned
policy, has the unintended consequences of harming Texas agriculture and contributing to higher food
prices. There is extensive research underway for second- and third-generation biofuels, which may provide
economic development opportunities for Texas.

GAS AND OIL PRODUCTION, Other regions of the world with more natural resource reserves than Texas, in
particular Canada, Russia, and the Middle East, will be at the forefront of new oil and gas production. As
such, Texas must continue to develop new shale gas production and technology for both shale gas
development and EOR, and to build on its leadership in petrochemical expertise.

3.6 UPSTREAM AND PETROCHEMICAL CLUSTER ANALYSIS

Analysis of the Texas Petrochemical and Upstream Cluster identified eight subclusters across the three
value-chain categories of Producer, Supplier, and Foundation. Figure 37 lists these subclusters, their related
segments and NAICS codes, and their value-chain position.

FIGURE 37: PETROCHEMICAL AND UPSTREAM CLUSTER SEGMENTS

Subcluster Value-Chain Industry Segment NAICS Code—Industry Segment Definition

Element
325110-Petrochemical Manufacturing; 325120—-Industrial Gas Manufacturing;
325131-Inorganic Dye and Pigment Manufacturing; 325132-Synthetic Organic
Dye and Pigment Manufacturing; 325181—Alkalis and Chlorine Manufacturing;

Producer 325182-Carbon Black Manufacturing; 325188-All Other Basic Inorganic

Chemical Manufacturing; 325191-Gum and Wood Chemical Manufacturing;
325192—-Cyclic Crude and Intermediate Manufacturing; 325199-All Other Basic
Organic Chemical Manufacturing

Basic Product
Manufacturing
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Value-Chain Industry Segment NAICS Code—Industry Segment Definition

Element

Subcluster

325314—Fertilizer (Mixing Only) Manufacturing; 325320-Pesticide and Other
Agricultural Chemical Manufacturing; 325510—Paint and Coating Manufacturing;
325520-Adhesive Manufacturing; 325991-Custom Compounding of Purchased
Resins; 325992—Photographic Film, Paper, Plate, and Chemical Manufacturing;
325998-All Other Miscellaneous Chemical Product and Preparation
Manufacturing; 326111-Plastics Bag and Pouch Manufacturing; 326112—Plastics

Consumer
Product
Manufacturing

Producer

Input

Suppli
Manufacturing uppier

Producer

Intermediate
Product

Supplier
Manufacturing PP

Foundation

Oil & Natural
Gas

Supplier

Petroleum
Refining

Regulation and

Administration

Transportation
& Logistics

Producer

Producer

Foundation

Foundation

Packaging Film and Sheet (including Laminated) Manufacturing; 326113—
Unlaminated Plastics Film and Sheet (except Packaging) Manufacturing;
326121-Unlaminated Plastics Profile Shape Manufacturing; 326122—Plastics
Pipe and Pipe Fitting Manufacturing; 326130—-Laminated Plastics Plate, Sheet
(except Packaging), and Shape Manufacturing; 326140—Polystyrene Foam
Product Manufacturing; 326150-Urethane and Other Foam Product (except
Polystyrene) Manufacturing; 326160—Plastics Bottle Manufacturing; 326191—
Plastics Plumbing Fixture Manufacturing; 326192—-Resilient Floor Covering
Manufacturing; 326199—-All Other Plastics Product Manufacturing
332410-Power Boiler and Heat Exchanger Manufacturing; 333911-Pump and
Pumping Equipment Manufacturing; 333912-Air and Gas Compressor
Manufacturing
325211-Plastics Material and Resin Manufacturing
325193-Ethyl Alcohol Manufacturing; 325212-Synthetic Rubber Manufacturing;
325221—Cellulosic Organic Fiber Manufacturing; 325222—Noncellulosic Organic
Fiber Manufacturing; 325311-Nitrogenous Fertilizer Manufacturing; 325312
Phosphatic Fertilizer Manufacturing
486110—Pipeline Transportation of Crude Oil; 486210—Pipeline Transportation
of Natural Gas
211111-Crude Petroleum and Natural Gas Extraction; 211112—Natural Gas
Liquid Extraction; 213111-Drilling Oil and Gas Wells; 221210-Natural Gas
Distribution
213112-Support Activities for Oil and Gas Operations; 237120-0il and Gas
Pipeline and Related Structures Construction; 333132-0il and Gas Field
Machinery and Equipment Manufacturing
48691—Pipeline Transportation of Refined Petroleum Products; 324110—
Petroleum Refineries; 324191—Petroleum Lubricating Oil and Grease
Manufacturing; 324199-All Other Petroleum and Coal Products Manufacturing
924110-Administration of Air and Water Resource and Solid Waste
Management Programs; 926130—Regulation and Administration of
Communications, Electric, Gas, and Other Utilities
482111-Line-Haul Railroads; 482112-Short Line Railroads; 483111-Deep Sea
Freight Transportation; 483113—Coastal and Great Lakes Freight Transportation;
483211-Inland Water Freight Transportation; 484110-General Freight Trucking,
Local; 484121-General Freight Trucking, Long-Distance, Truckload; 484122—-
General Freight Trucking, Long-Distance, Less Than Truckload

Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000—2006
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3.6.1 Cluster Size and Growth

In 2006, employment in the Texas Petrochemical Cluster was 462,677 employees. As can be seen in
Figure 38, the Texas Petrochemical Cluster grew by 2 percent annually between 2000 and 2006. In 2006,
the cluster had a location quotient of 2.03, indicating that the Texas cluster is more than twice as
specialized as the U.S. average. This is no surprise, considering the unique history in Texas. The location
qguotient increased 4 percent between 2000 and 2006. Shift-share analysis indicates that a significant
portion of the increased competitiveness for Texas is due to local share (i.e. state-specific cluster job
growth, as opposed to nationwide growth), accounting for the equivalent of 60,161 jobs. This means that
Texas provides distinctive advantage to this cluster.

FIGURE 38: PETROCHEMICAL CLUSTER PROFILE

Avg.

Texas Texas . Ann. Nat. Indust. Location Location Change

Change in ] Local . . .
Employment = Employment Growth = Growth Mix Quotient = Quotient in LQ
Employment Share

(2006) (2000) Rate Share Share (2006) (2000) (%)
(%)

462,677 421,040 41,637 2 12,819 -31,343 60,161 2.03 1.83 11

Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000—-2006

As the growth-share matrix in Figure 39 illustrates, the Texas Petrochemical Cluster is the largest of all
competitor states. It is more specialized and growing faster than all peer states, other than Oklahoma.

FIGURE 39: GROWTH-SHARE MATRIX OF PETROCHEMICAL CLUSTER BENCHMARK LOCATIONS
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Figure 40 provides a data-table for the trends shown in Figure 39.

FIGURE 40: PETROCHEMICAL CLUSTER COMPETITIVENESS

Average Annual Growth Rate (%) Location Quotient (2006) Employment (2006)
Texas 2 2.03 462,677
California -4 0.59 211,355
Pennsylvania -3 0.94 121,228
Louisiana -5 2.73 113,689
Illinois -2 0.99 132,610
Oklahoma 5 2.29 79,297

Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000-2006

The last element of cluster structure analysis relates to establishment versus employment trends. Again,
this analysis uses the firm-level survey data from the D&B NETS dataset. Figure 41 indicates that, with 5,045
petrochemical establishments—almost 1,400 more than California—Texas has the largest number of
petrochemical establishments compared with its competitor states.

FIGURE 41: PETROCHEMICAL ENTERPRISE COUNT

State Petrochemical Establishments 2006 Petrochemical Establishments 2000
CA 3,669 3,174
IL 1,556 1,370
LA 802 737
OK 995 922
PA 1,082 981
TX 5,045 4,535

Source: D&B NETS Dataset 1998-2006

21 D&B NETS is a survey-based dataset, and thus, these figures represent a sample of the total population and should be considered representative of
magnitude and trends, rather than as a complete census.
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As Figure 42 indicates, 3,051, or 60 percent, of the petrochemical establishments in Texas belong to the Oil
and Natural Gas subcluster. Texas’s dominance in this subcluster is unsurpassed; Oklahoma is a distant
second with 485 establishments. As with the Energy Cluster, transportation & logistics firms constitute a
significant proportion of the Petrochemical Cluster across all states.

FIGURE 42: NUMBER OF PETROCHEMICAL ESTABLISHMENTS BY SUBCLUSTER
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Not only is Texas highly specialized in the Petrochemical Cluster, but its competitiveness has grown 11
percent since 2000. Average employment has increased 2 percent annually, and the cluster continues to
outpace all peer states other than the much smaller Oklahoma cluster. Firm-level analysis further
supports Texas’s competitiveness, with roughly 1,400 more firms than the next competitor state. The
state also has more firms than other peer states in most key core segments, with an overwhelming
majority in terms of oil and natural gas firms.
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3.6.2 Diversity: How Broad Is the Texas Petrochemical Cluster?

As the growth-share matrix in Figure 43 presents, the Texas Petrochemical Cluster has a great deal of
diversity, with subclusters in each of the four quadrants of the chart. Four of Texas’s subclusters fall into
the upper-right “winner’s box,” indicative of the expanding stage: Oil and Natural Gas, Petroleum
Refining, Transportation and Logistics, and Intermediate Product Manufacturing. Oil and Natural Gas is
the largest subcluster, further indicating its strong position in Texas. The Transportation and Logistics
subcluster is also in a strong position with above-average specialization, considerable size, and stable
employment. Emerging subclusters include Input Manufacturing and Regulation and Administration, both
with slightly lower than average specialization and relatively low employment, but steady average annual
growth. The Basic Product Manufacturing subcluster is in transition: the subcluster is almost three times
as concentrated in Texas as the rest of the country, with moderate employment but a significant average
annual decline. The Consumer Product Manufacturing subcluster also has moderate employment but,
with slightly below average specialization and slight negative growth, is less competitive than its other
product manufacturing counterparts.

FIGURE 43: PETROCHEMICAL SUBCLUSTER PORTFOLIO
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o
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Q
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Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000-2006
Further analysis of subcluster strength reveals that all of the Petrochemical production and supplier
subclusters experienced increasing competitiveness between 2000 and 2006. Moreover, according to the
shift-share analysis, all subclusters have a positive local share, indicating that even subclusters that had
negative average annual growth rate did not lose employment due to Texas-specific competitiveness.
Rather, it appears that all declines are due to the overall national industry losing competitiveness.
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FIGURE 44: PETROCHEMICAL CLUSTER COMPETITIVENESS

Avg. Ann.

. Texas Texas Nat. Indust. Location Location = Change
Meaning of Growth . Local . . .
NAICS code Employment = Employment Rate? Growth Mix Share Quotient = Quotient inLQ

(2006) (2000) %) Share Share (2006) (2000) (%)
Petroleum 21,306 21,400 0 652 -2,723 1,977 3.21 3.02 6
Refining
Basic Product 30,768 37,602 -3 1,145 -10,16 2,190 2.96 2.85 4
Manufacturing 8
Oil and Natural 249,987 197,514 4 6,013 30,394 16,06 5.02 4.87 3
Gas 6
Intermediate 9,715 9,219 1 281 -2,202 2,418 1.06 0.82 28
Product
Manufacturing
Consumer 56,406 61,324 -1 1,867 -11,10 4,316 0.94 0.90 4
Product 1
Manufacturing
Input 4,634 4,357 1 133 -497 641 0.87 0.78 12
Manufacturing
Transportation 83,444 84,257 0 2,565 -3,653 275 1.08 1.12 -3
and Logistics
Regulation and 6,417 5,367 3 163 14 872 0.65 0.58 12

Administration

Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000-2006

Finally, an analysis of the competitiveness of each industry segment in the Texas Petrochemical Cluster
indicates even greater diversity. The growth-share matrix in Figure 45 on the next page illustrates the

diversity and competitiveness of the Texas Petrochemical subclusters.

The most competitive Texas subcluster is Oil and Natural Gas. All of the segments other than natural gas
distribution have above-average specialization. Moreover, there is great strength across a diversity of
segments, including extraction, infrastructure manufacturing, and support activities.

Broad trends indicate that all segments in the Petroleum Refining subcluster have above-average annual
growth; all but one segment in the Basic Product Manufacturing subcluster have above-average
specialization; and a great diversity of segments in all stages exists in the Consumer Product

Manufacturing subcluster.

22 The U.S. average annual growth rate for the Petrochemical Cluster is -1 percent.
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FIGURE 45: OIL & NATURAL GAS SUBCLUSTER SEGMENT PORTFOLIO
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Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000-2006

Figures 46 and 47 delve into some of the key segment-level dynamics and illustrate strength across a
diversity of segments. Figure 46 presents the petrochemical segments with specialization (LQ) above the
cluster average. Natural Gas Liquid Extraction is not only 10 times more specialized in Texas, but it has
shown significant growth in competitiveness since 2000. Other key industries include Oil and Gas Field
Machinery Manufacturing, Petrochemical Manufacturing, Crude Petroleum and Natural Gas Extraction,
Oil and Gas Drilling, Crude Qil Pipeline Transportation, Support Activities for Oil and Gas Operations, and
Carbon Black Manufacturing, all of which are more than five times more specialized in Texas than in the
rest of the United States.

Figure 47 presents the petrochemical segments that increased in competitiveness during the period
2000-2006. It is noteworthy, and perhaps cause for some concern, that the segment with the highest
growth in specialization and most significant employment gain is a support segment related to regulation.
This should be a wake-up call to policymakers. Moreover, other fast-growing segments include those not
directly related to the energy economy, with the exception of Industrial Gas Manufacturing. This is a
sharp contrast to the information in Figure 46, in which the top competitive segments were in Oil and
Gas.
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FIGURE 46: SPECIALIZED PETROCHEMICAL SEGMENTS

Change in
Subcluster Industry Segment Employment | AAGR La LQ
(2006) (%) (2006)
(%)
Oil and Natural Gas Natural Gas Liquid Extraction 3,537 2 10.22 21
Oil and Natural Gas Oil and Gas Field Machinery and Equipment 33,724 8.68 -1
Manufacturing
Basic Product Petrochemical Manufacturing 15,923 -3 7.55 7
Manufacturing
Oil and Natural Gas Crude Petroleum and Natural Gas Extraction 67,128 2 6.95 -4
Oil and Natural Gas Drilling Qil and Gas Wells 37,049 7 6.26 -6
Oil and Natural Gas Pipeline Transportation of Crude Qil 3,281 0 6.14 5
Oil and Natural Gas Support Activities for Oil and Gas Operations 66,894 8 5.27 -3
Basic Product Carbon Black Manufacturing 727 -3 5.14 -3
Manufacturing
Oil and Natural Gas Pipeline Transportation of Natural Gas 8,858 -6 4.32 -17
Petroleum Refining Petroleum Refineries 20,349 -1 3.97 1
Oil and Natural Gas Qil and Gas Pipeline and Related Structures 22,404 8 3.62 31
Construction
Transportation & Short Line Railroads 21 N/A 2.70 N/A
Logistics
Basic Product All Other Basic Organic Chemical 6,257 -9 2.58 -31
Manufacturing Manufacturing
Basic Product Industrial Gas Manufacturing 3,237 1 2.45 45
Manufacturing
Consumer Product Plastics Pipe and Pipe Fitting Manufacturing 5,887 6 2.36 40
Manufacturing
Transportation and Deep Sea Freight Transportation 1,936 -2 2.23 4
Logistics
Basic Product Cyclic Crude and Intermediate Manufacturing 170 0 2.03 0

Manufacturing

Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000-2006

Overall, Texas has a broad base of competitive subclusters in the Petrochemical Cluster. Many of the key
subclusters are in the upper-right “winner’s box” quadrant of the growth-share matrix, with key segments
in Oil and Natural Gas more than 10 times more specialized in Texas than the national average. The
growth in LQ of core segments is further indication of Texas’s strong and increasing competitiveness in
critical segments of the Petrochemical Cluster.
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FIGURE 47: PETROCHEMICAL SEGMENTS WITH [NCREASING COMPETITIVENESS

AAG Change
Subcluster Industry Segment Employment La inLQ
(2006) (2006)
(%) (%)
Regulation and Administration Regulation and Administration of 501 9 0.25 55
Communications, Electric, Gas, and Other
Utilities
Consumer Product Resilient Floor Covering Manufacturing 355 0 0.95 46
Manufacturing
Basic Product Manufacturing Industrial Gas Manufacturing 3,237 1 2.45 45%
Consumer Product Plastics Pipe and Pipe Fitting Manufacturing 5,887 2.36 40
Manufacturing
Oil and Natural Gas Oil and Gas Pipeline and Related Structures 22,404 8 3.62 31
Construction
Basic Product Manufacturing Alkalis and Chlorine Manufacturing 1,063 1 1.89 25
Oil and Natural Gas Natural Gas Liquid Extraction 3,537 10.22 21
Consumer Product Fertilizer (Mixing Only) Manufacturing 919 1.55 17
Manufacturing
Basic Product Manufacturing All Other Basic Inorganic Chemical 2,381 -1 1.00 15
Manufacturing
Consumer Product Pesticide and Other Agricultural Chemical 1,771 -1 1.54 13
Manufacturing Manufacturing
Transportation and Logistics General Freight Trucking, Local 13,990 0.81 12
Consumer Product All Other Miscellaneous Chemical Product and 5,116 1.91 10
Manufacturing Preparation Manufacturing
Regulation and Administration = Administration of Air and Water Resource and 5,916 3 0.75 9
Solid Waste Management Programs
Consumer Product Unlaminated Plastics Film and Sheet (except 4,667 -2 1.27 8
Manufacturing Packaging) Manufacturing
Basic Product Manufacturing Petrochemical Manufacturing 15,923 -3 7.55 7
Consumer Product Unlaminated Plastics Profile Shape 741 -3 0.38 6
Manufacturing Manufacturing
Oil and Natural Gas Pipeline Transportation of Crude Qil 3,281 0 6.14 5
Transportation and Logistics Deep Sea Freight Transportation 1,936 -2% 2.23 4
Consumer Product Polystyrene Foam Product Manufacturing 2,765 2 1.22 4
Manufacturing
Consumer Product Adhesive Manufacturing 1,333 -1 0.79 3
Manufacturing
Petroleum Refining Petroleum Refineries 20,349 -1 3.97
Consumer Product Paint and Coating Manufacturing 4,056 -2 1.23
Manufacturing
Consumer Product Custom Compounding of Purchased Resins 1,645 -3 1.06 1

Manufacturing
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3.6.3 Depth: How Deep is the Texas Petrochemical Cluster?

Cluster depth, a critical element of competitiveness, is measured in terms of both value-chain strength
and cluster embeddedness in the surrounding economy.

Texas has representation across the petrochemical value-chain: export-level producers, intermediary
suppliers, and foundations.

Analysis at the value-chain level indicates that Texas has a robust employment base across all segments.
The foundation segments have experienced slight declines in employment and competitiveness between
2000 and 2006; however, the core production and supplier segments experienced increasing employment
and competitiveness.

FIGURE 48: PETROCHEMICAL VALUE CHAIN COMPETITIVENESS

Avg.
Annual Location @ Location

Employment Employment
ploy ploy Growth = Quotient Quotient

(2006) (2000)

Rate (2006)  (2000)
(%)
Producer 231,114 228736 0 2.18 2.16
Supplier 129,563 86,844 1 3.94 3.14
Foundation 102,000 105460 -1 1.14 1.16

Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000—-2006

A disaggregated analysis of the value chain conducted at the subcluster level allows for a more granular
understanding of the depth of the Texas value chain. Producer employment is dominated by the Oil and
Gas subcluster. The specialization in the value chain is clearly involved in the energy economy, with the
Petroleum Refining and QOil and Gas subclusters showing the strongest LQ. The supplier segments are also
dominated by the energy-related Oil and Gas subcluster. The importance of the Transportation &
Logistics segment to the energy economy is made apparent by the subcluster’s large employment base
and local growth. This sub-cluster is supported in Texas across the value-chain.

In sum, the full value chain of the Texas Petrochemical Cluster elements enables the state to fully support
the spectrum of cluster activity and remain competitive in the age of globalization.
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FIGURE 49: PETROCHEMICAL CLUSTER EMPLOYMENT CHANGES BY SEGMENT

Avg.
. Ann. Nat. Indust. Location = Location | Chang
Value Chain Employment ] Local . . .
Position Cluster (2006) Growth = Growth Mix Share Quotient = Quotient | einlLQ
Rate Share Share (2006) (2000) (%)
(%)
Producer Petroleum 21,306 0 652 -2,723 1,977 3.21 291 10
Refining
Producer Basic Product 30,768 -3 1,145 -1,016 2,190 2.96 2.74 8
Manufacturing 8
Producer Intermediate 7,808 -3 281 -1,701 10 1.77 1.83 -4
Product
Manufacturing
Producer Oil and Natural 114,826 2 3,020 5,642 6,973 4.70 4.41 6
Gas
Producer Consumer 56,406 -1 1,867 -11,10 4,316 0.94 1.02 -8
Product 1
Manufacturing
Supplier Oil and Natural 123,022 7 2,511 -18,80 5,682 5.41 5.20 4
Gas 5 9
Supplier Intermediate 1,907 N/A N/A N/A N/A 0.40 0.00 N/A
Product
Manufacturing
Supplier Input 4,634 1 133 993 1,138 0.87 0.78 12
Manufacturing
Foundation Oil and Natural 12,139 -4 482 3,111 -106 4.69 5.11 -8
Gas 8
Foundation Transportation 83,444 0 2,565 3,653 275 1.08 1.08 0
and Logistics
Foundation Regulation and 6,417 3 163 14 872 0.65 0.56 16

Administration

Source: U.S. Department of Labor, Bureau of Labor Statistics, QCEW Statistics, 2000—-2006

3.6.4 Dynamism: How Entrepreneurial Is the Texas Petrochemical Cluster?

The Texas Petrochemical cluster comprises primarily large, established firms that have been active for
more than 15 years—74 percent of all firms in the cluster were established before 1995. Similar to the
Energy Cluster, this longevity is indicative of Texas’s long standing and continued competitiveness in the
Petrochemical Cluster. A few firms—8 percent in the Input Manufacturing subcluster and 9 percent in the

Intermediate Product Manufacturing subcluster—were established after 2000.
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FIGURE 50: FIRM DYNAMISM —PERCENTAGE OF ESTABLISHED ENERGY FIRMS COMPARED WITH PERCENTAGE OF NEW FIRMS
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Source: D&B NETS Dataset, 1998—-2006

The strong competitiveness of the Texas Petrochemical Cluster is also apparent from the number of firms
that have relocated to Texas from other states. Of all firms that are currently active in the Petrochemical
Cluster, nearly 7 percent relocated to Texas from other states in the United States. The Basic and
Intermediate Product Manufacturing and Petroleum Refining subclusters have benefited the most from
firm relocation—between 11 to 16 percent of all firms in these three subclusters originated in other
states. While some firms, particularly in Input and Consumer Product Manufacturing, have relocated from
Texas to other states, it is quite significant that Texas is gaining cluster firms in the core Petrochemical
subclusters.

Industrywide, the Petrochemical Cluster has a very high degree of stability. In Texas, employment is
concentrated in large, established firms. This stability has created a competitive base that does not
support a high degree of entrepreneurship, but it does encourage in-migration of firms from other U.S.
states.
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FIGURE 51: FIRM DYNAMISM —PERCENTAGE OF FIRMS MOVING [N VS, PERCENTAGE OF FIRMS MOVING QUT
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3.6.5 Autonomy: How Independent Is the Texas Petrochemical Cluster?

Texas has a high percentage of standalone firms in the Petrochemical Cluster, indicative of a high level of
firm autonomy. Two-thirds of all firms in the cluster are standalone firms, 22 percent of the firms are
branch locations, and 11 percent are headquarters. All of the core Petrochemical subclusters have a
significant proportion of headquarters’ firms. Between 10 percent and 18 percent of all firms in Basic,
Intermediate, and Consumer Product Manufacturing, as well as Oil and Natural Gas, Input Manufacturing,
and Petroleum Refining in particular, are headquarters, clearly pointing to the national and global
importance of Texas in the petrochemical industry.
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FIGURE 52: FIRM AUTONOMY—PERCENTAGE OF HEADQUARTERS, BRANCHES, AND STANDALONE FIRMS
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3.7 PETROCHEMICAL CLUSTER CONCLUSIONS: AN EXPANDING STAGE CLUSTER

In sum, not only is Texas highly specialized in the Petrochemical Cluster, but its competitiveness has grown
11 percent since 2000. Average employment has increased 2 percent each year, and the cluster continues
to outpace all peer locations other than the much smaller Oklahoma market. The full value chain of the
Texas Petrochemical Cluster elements enables the state to support the spectrum of cluster activity and
remain competitive in the United States and internationally. The cluster has a very high degree of stability
and employment is concentrated in large, established firms. This stability has created a competitive base
that does not support a high degree of entrepreneurship, but does encourage in-migration of firms from
other U.S. states.

The Upstream and Downstream compositions of the Petrochemical Cluster show a highly successful
agglomeration of individual segments. The majority of this cluster resides in or near the Expanding stage of
the life cycle. Drilling Oil and Gas, Oil and Gas Field Machinery and Equipment, Support Activities to Oil and
Gas Operators, Natural Gas Liquid Extractors, Oil and Gas Pipelines, and Crude Petroleum and Natural Gas
Extractors all are distinctive because they are large employers, growing faster than the average annual
growth rate, and highly specialized in Texas.
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Achieving a portfolio of Expanding stage clusters is, of course, the goal of any state competitiveness
strategy. With Emerging stage clusters, the issues concern the needs of a rapidly growing and changing
industry, while the issues of a well-established Expanding industry are more focused on managing the
challenges of scale, preserving competitive advantages, and reducing marginal costs. With such industries,
the state’s role is often focused on ensuring that existing economic foundations are keeping up with and
continuing to respond to this cluster’s needs. For this reason, concerns focus on the following issues:

#  WORKFORCE—SUSTAINING AND RENEWING SKILLS, The petrochemical industry has a large and diverse
workforce that is nearing retirement age. For a variety of reasons, it is facing challenges in
replenishing its skill base in specific areas. A state role is essential in building the skills pipeline
from K-12 up, including linking youth to career opportunities, fostering and retaining graduate-
level science and engineering skills, and enabling workers to obtain retraining to switch jobs as
demand changes.

% RESOURCES—FEEDSTOCKS. The petrochemical industry specializes in extracting resources and
processing chemicals. It is also concerned with accessing reserves and with the source and cost of
feedstocks to produce chemicals, including biofuels. The state role has historically been
involvement with setting the stage for exploitation of new resources or coordinating and assisting
development of new sources.

F INFRASTRUCTURE—ADAPTING AND UPGRADING CAPACITY. The more mature and large-scale
petrochemical industry faces challenges pertaining to aging public and private infrastructure and
the capacity of railways, ports, terminals, waterways, pipelines, and highways. Infrastructure is
also crucial for new industry developments or expansion. The state’s role in this industry tends to
focus on planning and financing of public infrastructure, and, increasingly, using new concepts to
organize delivery and sharing of energy, water, waste, and intermodal logistics (e.g., special
development districts, brownfield creation, inland ports, and infrastructure corridors).

# INNOVATION—BUILDING FROM DEEP FUNDAMENTALS. The petrochemical industry has financial
resources to serve its innovation needs; however, the challenges the industry faces may require
new research partnerships and increased collaboration with universities to achieve
breakthroughs. These efforts may focus on areas such as development of new fuel sources,
petrochemical feedstocks, and carbon sequestration technologies. The state can act as a neutral
convener of stakeholders to focus a critical mass of attention on shared R&D issues and help
organize new centers of excellence and institutes that can perform the strategic early-stage
research that industry is willing to finance.

% GOVERNANCE—PERMIT EFFICIENCY AND LEVEL PLAYING FIELD. The capital-intensive, large-scale
petrochemical industry is always concerned about the cost of doing business. Because it is
extremely difficult to close or move a facility, concerns often focus on ensuring that new projects
can move through the state approval processes as consistently as possible. Much of the industry
focus is on ensuring that the state tax burden is as even as possible and that the legal
environment minimizes liabilities, particularly where they arise from compliance with federal
mandates.
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SECTION FOUR: TEXAS ECONOMIC FOUNDATIONS

High-performing economies can provide distinctive economic input advantages—referred to here as
“economic foundations”—to their portfolio of industries. The preceding sections have described the
global trends and structure of these two Texas clusters and analyzed their economic competitiveness. In
the following five sections, the key inputs that have the potential to enhance or detract from the
currently strong performance of the Energy and Petrochemical Clusters are examined. For each of these
five foundations—Workforce, Resources, Infrastructure, Innovation, Governance—the analysis reviews
the status and comparative position of Texas today, the impact of each foundation on the clusters’
competitive positions, the challenges that Texas faces in aligning each foundation with the evolving
needs of either or both clusters, and potential actions that Texas can consider to enhance its advantage.

4.1 WORKFORCE: BUILDING THE TEXAS SKILLS PIPELINE
4.1.1 Framework: The Role of Workforce in Competitiveness

The workforce in Texas is produced by the state’s skills pipeline, which prepares, advances, and renews
skills. The pipeline consists of different systems of basic education (K-12), community and technical
colleges, universities and private training providers, and, of course, corporations themselves. When the
skills pipeline works well, a flow of high school graduates enters occupational training and colleges and
thus, producing graduates with specific skills needed by key industries. Over time, employees upgrade
their skills through continuing education and retraining. Building a next-generation skills pipeline is a core
competitiveness need for all high-performing economies—not just for the Energy and Petrochemical
Clusters, but for all clusters. To understand where Texas stands with these two particular clusters, this
analysis examines the Texas workforce demand, assesses how well the state’s skills pipeline is
performing, identifies challenges it faces, and suggests potential actions to enhance this critical element
of competitiveness.

Understanding workforce demand and supply is the cornerstone of assessing how well the skills pipeline
works. This section analyzes demand and supply of Texas’ workforce for the Energy and Petrochemical
clusters for the ten-year period starting in 2007. To determine workforce demand, critical occupations in
the Energy and Petrochemical Clusters and their related knowledge, skills, and abilities (KSAs) were first
analyzed. Industry projections were then used to estimate job growth through 2017. The skills pipeline
framework—preparation, advancement, and renewal—was used to guide analysis of the workforce
supply. To do this, Texas was benchmarked against the U.S. technical workforce pipeline and training
programs for industries with the greatest projected job growth. In addition, an economic impact model
was used to forecast the technical workforce pipeline through 2017. Finally, a workforce gap analysis was
carried out by comparing demand and supply growth rates through 2017. This analysis set the stage for
identifying challenges to the Texas skills pipeline from preparation (K-12) through advancement
(community and technical colleges and university training) and renewal (retraining and employment
options).
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4.1.2 The Texas Energy and Petrochemical Workforce Today

The Energy Cluster can be broken down into four industry groups based on their products or services.
These four groups are Fossil Fuels, Renewables, Transmission and Distribution, and Nuclear.

The Energy Cluster accounted for 39,424 jobs in Texas in 2007. Jobs in the cluster were distributed
unevenly, with Renewables accounting for about half of all jobs. In contrast, Nuclear accounted for only
5.6 percent of all jobs in 2007. Industries with the largest job share were Hydroelectric Power
Generation (41.5 percent), Electric Power Distribution (21.1 percent), and Fossil Fuel Electric Power
Generation (11.5 percent). Figure 53 lists the distribution of jobs for each industrial group in the Energy
Cluster.

FIGURE 53: SIZE AND DISTRIBUTION OF JOBS IN THE ENERGY CLUSTER

Total Cluster

Industry Industry Name 2007 Jobs Jobs

(%)

Fossil Fuels 7,543 19.1

212111 Bituminous Coal and Lignite Surface Mining 2,379 6.0

221112 Fossil Fuel Electric Power Generation 4,552 115

212112 Bituminous Coal Underground Mining 0 0.0
333131 Mining Machinery an(.:l Equipment 612

Manufacturing 1.6

Nuclear 2,214 5.6

221113 Nuclear Electric Power Generation 2,214 5.6

Renewable (Wind, Solar, Hydro, & Tidal) 18,427 46.7

221111 Hydroelectric Power Generation®® 16,354 41.5

Turbine and Turbine Generator Set Units
333611 739 1.9

Manufacturing
Other Electric Power Generation (except fossil

221119 1,334 3.4
fuel, hydroelectric, nuclear)
Transmission and Distribution 11,330 28.7
Mechanical Transmission Equipment
333613 . 1,763 4.5
Manufacturing

221122 Electric Power Distribution 8,308 21.1
221121 Electric Bulk Transmission and Control 1,259 3.2
TOTAL 39,424 100.0

Source: EMSI (Economic Modeling Systems, Inc.), Economic Forecaster — Industry Report, 2008

23 See footnote on page 10 for Hydroelectric Power Generation segment definition.
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The Texas Petrochemical Cluster comprises 11 industries. The Oil and Natural Gas industry group
comprises nine industries. Taken together they accounted for approximately 421,000 jobs in 2007. The
Oil and Natural Gas industry group accounts for about 85 percent of all jobs and the remaining 15
percent of the jobs are distributed among the other industries.

The two largest industries in the Oil and Natural Gas industry group are Crude Petroleum and Natural
Gas Extraction and Support Activities for Oil and Gas Operations, with 35 percent and 18 percent,
respectively, of the cluster’s total jobs. Among the other industries in this cluster, Petroleum
Manufacturing and Petroleum Refineries account for approximately 4 percent and 5 percent,
respectively, of all cluster jobs. Figure 54 lists the distribution of jobs in the Petrochemical Cluster.

FIGURE 54: SIZE AND DISTRIBUTION OF JOBS IN THE PETROCHEMICAL CLUSTER

Industry

Total Cluster Jobs
Industry Name 2007 Jobs

(%)
Oil and Natural Gas 356,767 84.8
211112 Natural Gas Liquid Extraction 7,802 1.9
211111 Crude Petroleum and Natural Gas Extraction 145,753 34.6
213111 Drilling Oil and Gas Wells 41,842 9.9
Oil and Gas Field Machinery and Equipment 8.8
333132 . 37,224
Manufacturing
213112 Support Activities for Oil and Gas Operations 77,548 18.4
Oil and Gas Pipeline and Related Structures 6.3
237120 . 26,387
Construction
486110 Pipeline Transportation of Crude Qil 3,551 0.8
486210 Pipeline Transportation of Natural Gas 9,214 2.2
221210 Natural Gas Distribution 7,446 1.8
Other Industries 64,147 15.2
Laminated Plastics Plate, Sheet (except Packaging),
326130 . 2,116 0.5
and Shape Manufacturing
326122 Plastics Pipe and Pipe Fitting Manufacturing 6,234 1.5
325211 Plastics Material and Resin Manufacturing 8,082 1.9
325192 Cyclic Crude and Intermediate Manufacturing 170 0.04
325120 Industrial Gas Manufacturing 3,307 0.8
325110 Petrochemical Manufacturing 16,117 3.8
324110 Petroleum Refineries 21,227 5.0
48691 Pipeline Transportation of Refined Petroleum Products 238 0.06
All Other Miscellaneous Chemical Product
325998 . . 5,859 1.4
and Preparation Manufacturing
324199 All Other Petroleum and Coal Products Manufacturing 103 0.02
324191 Petroleum Lubricating Oil and Grease Manufacturing 694 0.16
TOTAL 420,914 100.0

Source: EMSI (Economic Modeling Systems, Inc.), Economic Forecaster — Industry Report, 2008
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4.1.3 Workforce Demand: Projection of Workforce Demand by Key Occupations

The Energy Cluster workforce is projected to grow at a healthy 68 percent between 2007 and 2017, from
about 40,000 to 66,000 jobs in Texas. Using an input-output model, occupational growth projections
were made for 2017 resulting from industrial growth as projected by ICF industry analysts. Industry
groups such as Nuclear and Renewables will experience workforce demand growth of 150 percent and
100 percent, respectively. Renewables will continue to be the largest job-providing industry group in
2017. Figure 55 lists workforce demand projections for all Energy Cluster industries through 2017.

FIGURE 55: PROJECTION OF \WORKFORCE DEMAND IN THE ENERGY CLUSTER

Industry Groups 2007 Jobs 2017 Jobs Total Change Ch(z;?)ge
Fossil Fuels 7,543 8,339 796 11
Nuclear 2,214 5,545 3,331 150
Renewable (Wind, Solar, Hydro, and 18,427 36,903 18,476 100
Tidal)
Transmission and Distribution 11,330 15,636 4,306 38
TOTAL 39,514 66,423 26,909 68

Source: EMSI (Economic Modeling Systems, Inc.), Economic Impact — Input/Output, 2008

The Petrochemical Cluster workforce is projected to grow at a modest 1 percent between 2007 and
2017, from about 421,000 to about 427,000 jobs. Figure 56 lists workforce demand projections for all
industries in the Petrochemical Cluster through 2017. The Industrial Gas Manufacturing industry
workforce is projected to grow by approximately 33 percent. Other industries in the cluster will
experience modest workforce growth rates between 5 percent and 12 percent. Manufacturing
industries, such as Petrochemical Manufacturing, Petroleum Lubricating Oil and Grease Manufacturing,
and the Oil and Natural Gas industry group are projected to experience low or now workforce growth in
the 10-year time frame. Although the Qil and Natural Gas industry group is slated to show no workforce
growth through 2017, it will continue to generate 84 percent of the employment in the Petrochemical
Cluster.
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FIGURE 56: PROJECTION OF \WORKFORCE DEMAND IN THE PETROCHEMICAL CLUSTER

. Total Change
Industry Industry Title 2007 Jobs 2017 Jobs
Change (%)
Oil and Natural Gas 356,767 356,767 0 0
Other Industries 64,147 70,171 6,024 9
Laminated Plastics Plate, Sheet (except Packaging),
326130 . 2,116 2,339 223 11
and Shape Manufacturing
326122 Plastics Pipe and Pipe Fitting Manufacturing 6,234 6,893 659 11%
325211 Plastics Material and Resin Manufacturing 8,082 9,023 941 12
325192 Cyclic Crude and Intermediate Manufacturing 170 190 20 12
325120 Industrial Gas Manufacturing 3,307 4,389 1,082 33
325110 Petrochemical Manufacturing 16,117 16,265 148 1
324110 Petroleum Refineries 21,227 23,525 2,298 11
Pipeline Transportation of Refined Petroleum
48691 238 251 13 5
Products
All Other Miscellaneous Chemical Product
325998 5,859 6,492 633 11

and Preparation Manufacturing

All Other Petrol Coal P t
324199 Other Petroleum anc! oal Products 103 107 4 4
Manufacturing

Petroleum Lubricating Oil and Grease
324191 ) 694 697 3 0
Manufacturing

TOTAL 420,914 426,938 6,024 1

Source: EMSI (Economic Modeling Systems, Inc.), Economic Impact — Input/Output, 2008

4.1.4 Workforce Supply

Considering the outlook for skills demand and supply for occupations crucial to the competitive growth of
the Energy and Petrochemical Clusters, how well is the Texas skills pipeline performing? The following
section discusses the issues Texas faces at each of the following stages of its skills pipeline:

o Are Texas students college- and work-ready?
o Is Texas developing the right skills at the right time?
* Is Texas retaining and harnessing the current skills base?

Workforce development begins with the performance of the K-12 education system. Nationwide, and
most notably in Texas, the demographics of the student and workforce populations have changed and
continue to change dramatically. First, the overall population is aging, and with it the proportion of
nonworkers in the population. Second, the racial and ethnic makeup of the population is quickly moving
toward a Hispanic majority. These combined demographic trends have implications for preparing future
workers through the education system, including curriculum redesign to incorporate wider variations in
learning styles, language needs, cultural competency, and need for improved financial literacy.
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As with many industries, the need for workers with college degrees in science, technology, engineering,
and math (STEM) fields is growing in both the Energy and Petrochemical Clusters. For these reasons,
increasing high school graduation rates, enhancing readiness for college education, and improving STEM
capabilities are important to meeting workforce needs.

High school graduation is crucial for the Texas economy because it supports the competitiveness of the
Energy and Petrochemical Clusters which are heavily dependent on the availability of a trained and
educated workforce. However, like many states, Texas faces significant challenges regarding high school
completion rates. In response to this challenge, Texas has been working to redesign the traditional high
school model to increase student achievement and ensure all students reach their academic and career
goals. The Texas High School Project (THSP), created in 2003 and sponsored by the Texas Education
Agency (TEA), the Office of the Governor, the Bill and Melinda Gates Foundation, the Michael and Susan
Dell Foundation, and others, works to prepare high school students for college and career success. This
$261 million public-private alliance provides a variety of options for high school success to accommodate
differing learning styles. THSP funds grants to schools that target students at risk for dropping out of
high school, providing strategies including tutoring, mentoring, and online acceleration programs.**

A fundamental issue is whether prospective workers are being prepared with the right skills. The U.S.
Department of Labor’s Occupational Information Network (O*NET) was used to link each of the most in-
demand jobs with the required KSAs. The jobs that are most in-demand in the energy industry generally
require core STEM KSAs. The core energy-related KSAs are listed in Figure 57. The core Petroleum-
related KSAs are listed in Figure 58. These KSAs typically are acquired through postsecondary proprietary
technical schools, community and technical colleges, and universities.

FIGURE 57: CORE ENERGY-RELATED KSAS

Mechanical Public Safety and Security
Engineering and Technology Transportation
Production and Processing Social Perceptiveness
Education and Training Instructing

Mathematics Critical Thinking

English Language Active Listening

Design Service Orientation
Building and Construction Technology Design
Computers and Electronics Systems Analysis
Chemistry Judgment and Decision Making
Customer and Personal Service Science

Source: EMSI (Economic Modeling Systems, Inc.), Career Pathways — Competency Analysis, 2008

24 Schools across the country are implementing a variety of strategies to reach students at risk of dropping out of school. These strategies include
mentoring and monitoring students, using alternative high schools, and reorganizing schools into smaller learning communities. The National Dropout
Prevention Center/Network’s (NDPC/N) study of dropout risk factors and exemplary programs also serves as a resource for policymakers concerning
best practices in dropout prevention.
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FIGURE 58: CORE PETROCHEMICAL-RELATED KSAS

Production and Processing Engineering and Technology
Mechanical Physics

Chemistry Design

Computers and Electronics Building and Construction
Mathematics English Language

Public Safety and Security Customer and Personal Service
Education and Training Psychology

Speaking Science

Building and Construction Critical Thinking

Source: EMSI (Economic Modeling Systems, Inc.), Career Pathways — Competency Analysis, 2008

North American Industry Classification System (NAICS) codes were linked to Classification of
Instructional Programs (CIP) codes to determine the specific fields of study needed to gain the required
KSAs for the most in-demand jobs in both clusters. This analysis found the specific fields of study listed in
Figure 59.

FIGURE 59; PETROCHEMICAL-RELATED KSA SUBJECT AREAS

Engineering

Engineering Technologies
Computer and Information Sciences and Support

Business, Management, Marketing, and Related
Support Services

Public Administration and Social Service

Services .
Professions

Architecture and Related Services

Science Technologies

Mechanic and Repair Technologies
Precision Production

Natural Resources and Conservation

Physical Sciences

Transportation and Materials Moving

Health Professions and Related Clinical Sciences.

Construction Trades

Source: Occupational Information Network (O*NET). Production Database 12.0 <http://www.onetcenter.org/database.html| >

Compared to benchmark states, Texas has a similar proportion of postsecondary students going into
degree programs related to energy occupations. For example, using data from the National Center for
Education Statistics for 2008, 3.6 percent of postsecondary graduates in Texas are in engineering or
engineering technologies as compared with 3.5 percent in California, 3.4 percent in Colorado, 3.3
percent in lllinois, 4.3 percent in Louisiana, 2.9 percent in New York, and 3.0 percent in Pennsylvania.
The more important comparison, however, is not Texas to the benchmark states, but rather the United
States to benchmark countries. For example, 9.3 percent of U.S. tertiary graduates are in the sciences,
while Australia, Canada, and the United Kingdom produce 13.6 percent, 11.6 percent, and 15.1 percent,
respectively.”

25

Organization for Economic Co-operation and Development, 2008.
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One of the greatest concerns for the sustenance of many industries is the aging workforce. A related
concern among employers is the amount of skill and experience lost as employees retire. In Texas, the
workforce aged 55 and older accounts for 15.2 percent of the labor pool versus 12.3 percent only five
years earlier.”® In addition, evidence suggests the energy workforce is slightly older than in other
industries—the median age for the U.S. workforce is 41 years, while the median age for the utilities
industry, for example, is about 45 (just lower than the median age of oil and gas workers)®’. A 2006 Pew
Research Center report found that of those workers nearing retirement, 77 percent expect to work
following retirement.

A report issued in February 2008 by the U.S. General Accounting Office, entitled “Older Workers: Some
Best Practices and Strategies for Engaging and Retaining Older Workers,” identified key obstacles that
hinder continued work at older ages, including compensation, the rising cost of health insurance, and
training costs. Further, the report suggests that companies do not systematically consider retaining older
workers, but more often focus on succession planning.

The challenge of skills renewal among the existing workforce remains requiring employees to obtain
timely skills upgrades and new skills to remain competitive. Community and technical colleges in Texas
have been particularly active in assisting employers prepare and upgrade skills related to the rapidly
changing Energy Cluster in fields such as wind power.

Increasingly, employers will need to consider how to leverage the experience of individuals, such as from
the military or declining industries, who are not entering the workforce shortly after graduating from an
educational institution.

Recruiting new workers, retaining current workers, and transferring knowledge from retirees to those
who will take their place remain important challenges. Additionally, Texas is making great strides in
developing and implementing programs to recruit and train a workforce for newer technologies. For
example, Baylor University, Texas A&M University, the University of Texas Brownsville, the University of
Texas El Paso, and the University of Houston all have programs in renewable energy. In addition, Texas
Tech, Texas Southern University, West Texas A&M University, Texas State Technical College, and the
University of Texas at Austin have programs in wind power training. Texas also has three dedicated
programs in nuclear energy and five in solar power.

Texas has the largest investment nationwide in teacher performance pay. In 2006, the Texas legislature
authorized two teacher incentive pay programs. The Texas Educator Excellence Grant program (2008)
awards approximately $100 million annually to high-performing or improving schools that serve a high
percentage of economically disadvantaged students. The District Awards for Teacher Excellence program
will begin in fiscal year 2009 and will provide rewards to teachers who contribute substantially to
improved student achievement. Participation in this program is optional for all Texas school districts.
These efforts are similar to the U.S. Department of Education-funded Teacher Incentive Fund (TIF)
program (S500 million authorized in 2007). The Dallas and Houston Independent School Districts were

26

27

U.S. Census Bureau (2006). 2006 American Community Survey. 5 May 08.
<http://factfinder.census.gov/servlet/ACSSAFFFacts?_event=Search&_state=04000US48&_lang=en&_sse=on>
Center for Energy Workforce Development (2007). Gaps in the Energy Pipeline. 20 Apr 08
<http://www.cewd.org/surveyreport/execsummary_cewdreport_oct07.pdf>.
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among the early recipients of TIF grants. These programs recognize that a highly-qualified teaching
workforce has been shown through research to be an important factor within a school’s control for
influencing student achievement.?® Texas has taken a major step in the quest to attract and retain the
best teachers with its investment in teacher performance pay programs.

4.1.5 Workforce Gap Analysis

One core question facing the Energy cluster is defining which skills are needed and how best to achieve
their development. To analyze gaps between future needs and fulfillment capacity, workforce demand
and supply for the Texas Energy cluster were forecast. Analysis reveals that the rate of growth in
workforce demand for nuclear and renewable energy far outpaces the growth in supply of trained
professionals who can satisfy industry’s workforce requirements. For the nuclear industry group, the
demand growth of 150 percent is matched by a 36 percent increase in supply. Similarly, for the
Renewables industry group, 100% demand growth is matched by a 34 percent increase in supply. The
other two industry groups, fossil fuels and transmission and distribution, are expected to satisfy their
workforce demands with future supplies. Figure 60 shows workforce demand and supply misalignments
for 2017.

FIGURE 60: WORKFORCE DEMAND-SUPPLY MISALIGNMENT IN THE ENERGY CLUSTER

160% T B Workforce Demand
150%

140% | @ Workforce Supply - Number of Graduates

120% +

100%
100% +

Growth Rates through 2017
@
3
R

@
3
R

40% | 37% 36% 36%

0%

Fossil Fuels Nuclear Renewables - Wind, Solar, Hydro, ~ Transmission and Distribution
and Tidal

Source: Demand: EMSI (Economic Modeling Systems, Inc.), Economic Impact — Input/Output, 2008. Supply: Regression Analysis of Graduation Data
from National Center for Education Statistics, Common Core of Data (CCD) <http://nces.ed.gov/ccd/data_resources.asp>.

28 Berry, B. (2004). Recruiting and retaining “highly qualified teachers” for hard-to-staff schools. NASSP Bulletin, 88, 5-27; National Commission on

Teaching and America’s Future. (1996). What matters most: Teaching for America’s future. New York: Whisnant, E., Elliott, K., & Pynchon, S. (2005,
July). A review of literature on beginning teacher induction, Prepared for the Center for Strengthening the Teaching Profession. Washington, DC:
American Association of Colleges for Teacher Education.
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The primary skills pipeline challenge for the Texas Energy Cluster will be to ensure that the supply of
qualified personnel meet demand in the cluster’s nuclear and renewables industry segments. As shown
in Figure 61 and Figure 62, these two industry segments face the biggest challenges in critical
occupations, such as electrical engineers, power plant operators, installers, and repairers. Supply rates
for other critical occupations in each industry group are also shown.

FIGURE 61: DEMAND-SUPPLY GAP IN NUCLEAR OCCUPATIONS

Growth in Workforce Supply Growth in Workforce Demand
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FIGURE 62: DEMAND-SUPPLY GAP IN RENEWABLE ENERGY OCCUPATIONS
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Source: ICF analysis. Demand: EMSI (Economic Modeling Systems, Inc.), Economic Impact — Input/Output, 2008. Supply: Regression Analysis of
Graduation Data from National Center for Education Statistics, Common Core of Data (CCD) <http://nces.ed.gov/ccd/data_resources.asp>.
Occupations: EMSI (Economic Modeling Systems, Inc.), Economic Forecaster
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We also analyzed the workforce demand and supply projections for the Texas Petrochemical Cluster to
determine gaps between future needs and Texas’s capacity to fulfill those needs. Analysis reveals that
the rate of growth in demand for certain critical occupations will not be augmented by future workforce
supply. Fortunately, most of the critical occupations in this cluster are expected to experience sufficient
supply. Figure 63 presents supply growth rates for critical occupations in the Petrochemical Cluster.

FIGURE 63: DEMAND-SUPPLY GAP IN PETROCHEMICAL OCCUPATIONS
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Source: ICF analysis. Demand: EMSI (Economic Modeling Systems, Inc.), Economic Impact — Input/Output, 2008. Supply: Regression Analysis of
Graduation Data from National Center for Education Statistics, Common Core of Data (CCD) <http://nces.ed.gov/ccd/data_resources.asp>.
Occupations: EMSI (Economic Modeling Systems, Inc.), Economic Forecaster

4.1.6 Texas Workforce Challenges

To ensure competitiveness in the Energy and Petrochemical Clusters, Texas needs to build a skills pipeline
that consistently supplies trained work-ready personnel. Based on the workforce analysis and modeling,
review of Texas’s position, and stakeholder inputs, the challenges faced by the skills pipeline in Texas for
these clusters includes the following considerations.
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Challenge 1: Prepare Students to Choose Careers in the Energy and Petrochemical Clusters. Occupations
in the Nuclear and Renewables subclusters are projected to experience a growth in workforce
demand through 2017 of more than 100 percent.”® For the Petrochemical Cluster, occupations in the
Industrial Gas Manufacturing subcluster are expected to experience the fastest growth, with
workforce demand increasing by 33 percent through 2017—almost three times as high as any other
industry in the Petrochemical Cluster. The projected 10 year workforce demand growth in these two
industry subclusters far outpaces the supply of skilled labor.*

One key workforce challenge for Texas is to familiarize students with the benefits of choosing an
Energy and Petrochemical Cluster occupation. In general, students lack an understanding of available
industry career choices and the educational path required to achieve them. Texas also should
continue to look for new ways to strengthen partnerships between postsecondary education

institutions and elementary and secondary schools to improve teaching and learning in math and
science education.

Challenge 2: Enhance High-School Completion Rates, Improve Teacher Quality, and Better Prepare
Students to Be College- and Workforce-Ready. Benchmark analysis indicates that Texas compares well
with other states on science standardized test scores in elementary and middle school education;
however, Texas has a high-school completion rate that is lower than required to produce a workforce
to meet the cluster’s needs. A lower rate of high-school completion translates into a smaller college-
eligible student population and, ultimately, a smaller potential workforce.

Perhaps the most important strategy for improving public education is to attract and retain high-
quality teachers in hard-to-teach subjects (math and science) and geographic areas (inner cities, rural
areas, and schools not meeting annual yearly progress for successive years). Texas has started
addressing these challenges with its relatively large teacher incentive pay initiatives.

College-readiness, as defined by the Texas Higher Education Coordinating Board (THECB), refers to
having the knowledge and skills necessary to begin entry-level college courses with a reasonable
likelihood of success and not requiring remediation.>* The report by the Commission for a College-
Ready Texas in 2007 found a lack of rigor in the state’s curriculum standards. Improving college
readiness by better aligning curricula with college readiness standards, enhancing curriculum in math
and science, and increasing rigorous applied-learning opportunities in Texas public schools are crucial
to improving the competitive advantage of Texas’s students.

29 Nuclear and Renewables subclusters have projected demand growth rates of 150 percent and 100 percent respectively. See Figure 9 for details.

30 Demand growth rate: Nuclear—150 percent, Renewables—100 percent. Supply growth rate: Nuclear-36 percent, Renewables—34 percent. See Exhibit 9
for details.

31 Commission for a College-Ready Texas--Final Report, November 7, 2007 <http://www.collegereadytexas.org/>.
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Challenge 3: Educate and Train a Workforce in STEM Fields and Managerial KSAs. Graduating students
and employees with KSAs in the STEM areas are crucial to support projected industry growth. More
specifically, a workforce with KSAs in mathematics, chemical, mechanical, installation, engineering,
and technology are the foundation for the work performed in the Energy and Petrochemical clusters.
Stakeholders validated these findings and suggested strategies needed to address STEM-related
workforce gaps in professional and technical positions.

Texas faces the challenge of increasing the number of students graduating in STEM-related fields and
with managerial KSAs. Both the career education programs and the college readiness efforts
discussed in Challenges 1 and 2 will be critical to increase early awareness, not only of career options,
but also of the academic preparation needed to satisfy workforce requirements.

Challenge 4: Develop a More Flexible Technical Education and Training System. Texas community and
technical colleges cannot freely offer training in certain service areas because it would require
navigating cumbersome approval processes. In addition, stakeholder-suggested approvals are often
denied. This limitation in flexibility prevents certain businesses from securing needed training when
pursuing new projects. Texas needs to address this jurisdictional challenge. Stakeholders also
suggested that it is often difficult for students to move from community college or technical schools
to a four-year institution because universities will not always accept course credits earned at other
institutions; therefore, students who transfer are often forced to repeat classes, delaying their
graduation, and sometimes resulting in students dropping out. This has been an issue for decades,
and, although jurisdictional conflicts have been reduced, more needs to be done.

Challenge 5: Mitigate the Effects of Changing Demographics and Skill Obsolescence. The Texas Energy
and Petrochemical Clusters are undergoing demographic change in the form of an aging workforce.
Workers age 55 and older make up 15.2 percent of the labor force, up from 12.3 percent 5 years
earlier. In addition, many workers face skill obsolescence due to declines in industry demands for

certain skills, technological advancement, and process changes that have occurred in the industry
over the last decade.

Texas faces a challenge of retraining existing workers with obsolete skills while infusing the labor pool
with new workers to prevent severe workforce shortages and also to offset the negative effects of an
aging workforce.
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Challenge 6: Improve the Ability to Respond and Remain Ahead of the Competition. Like its global
competitors, Texas faces the challenge of responding to economic challenges in an innovative, timely,
and collaborative manner. To stay ahead of its competitors, Texas should pursue the following
actions:

% STRENGTHEN CAPACITY TO ASSESS CURRENT AND FUTURE WORKFORCE NEEDS SO THAT GAPS BETWEEN SUPPLY
AND DEMAND IN PRIORITY INDUSTRIES CAN BE DISCERNED. The lack of an industrywide supply-and-
demand database presents a challenge for educational institutions and individuals in planning
and responding to emerging workforce needs and opportunities.

% [MAKE INFORMATION ABOUT JOB, EDUCATION, AND TRAINING OPPORTUNITIES IN KEY INDUSTRY CLUSTERS
MORE EASILY ACCESSIBLE, Texas workforce and economic development efforts would benefit by
improving, developing, and deploying cross-agency strategies to respond to industry needs.

4.1.7 Proposed Workforce Actions

Building the Texas workforce skills pipeline is a major issue that extends beyond the two clusters that are
the focus of this report. Since many clusters are suffering from deficits in skilled employees, a broader
strategy needs to be developed. Proposed actions for addressing the skills pipeline challenges identified
above are now presented. These actions are organized by component of the skills pipeline: Preparation,
Advancement, and Renewal.

Texas may prosper from several growing clusters, but these industries need quality workers. Some of
these industries have recruitment challenges rooted in misperceptions about the quality and diversity of
jobs available. Other jobs require better-trained workers. Texas should address the challenge of
preparing students to choose careers in all industries, including those in the Energy and Petrochemical
Clusters, by acquainting students with industry career choices and getting them college- and workforce-
ready.

Action 1: Prepare Students to Choose Careers by Expanding Early Career Connection Strategies. Texas
should continue to invest in education programs designed to generate interest in math and science
education while also acquainting students with industry career choices. Such programs will prepare
the future workforce of Texas for careers in the Energy and Petrochemical Clusters. To prepare
students, the following strategies should be considered:

% THE GOVERNOR’S SUMMER MERIT PROGRAM, The state should continue and expand the
Governor’s Summer Merit Program camps targeted at inspiring students to focus on careers
in STEM areas.>” The Summer Merit Program assists students who might not have the
financial means to engage in skill-enhancing summer programs, and, more important, creates
an education framework in which students can acquire math and science skills, thus providing
direct exposure to the broad array of STEM applications.

32 Texas Workforce Commission Press Release, “TWC Approves $1 Million for Math and Science Youth Summer Camps.” 3 Apr 08
<http://www.twc.state.tx.us/news/press/2008/040308press.pdf>.
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EXPAND INITIATIVES THAT ENABLE STUDENTS TO LEARN AND EXPLORE OPPORTUNITIES IN INDUSTRIES WITH
HIGH CAREER GROWTH POTENTIAL. Texas should continue the Texas Youth in Technology Initiative,
which funds a broad array of programs to increase post-secondary enrollments, retention,
and graduation in engineering and computer science. Working with the Texas Engineering and
Technical Consortium (TETC), the grant program increases collaboration between Texas
employers, institutions of higher education, and engineering and science departments. As a
result of this initiative, All Across Texas was recently deployed and will serve as one source of
information providing engineering and computer science students with a direct link to paid
internships across Texas.

PROVIDE ONLINE CAREER DEVELOPMENT TOOLS, Texas should provide better online career-, college-
, and work-planning programs to students. The program should allow students to plan and
monitor their progress from middle school through postsecondary education. This program
should provide career strategies, educational modules, e-learning programs, comprehensive
reporting, and career exploration.

Action 2: Prepare Students to Be College- and Work-Ready. Texas can improve student performance in
math and science by better preparing math and science teachers. The majority of today’s jobs require
a high school diploma and some form of postsecondary education. Texas needs to increase high
school completion rates and ensure that high school graduates are college and workforce-ready.
Texas should consider the following to improve college and work readiness:

*

DEVELOP MODEL CURRICULA, Texas has uniform K-12 curriculum standards. There is, however,
great disparity in the way the standards are implemented and taught among the 1,040 school
districts. Texas needs to develop or identify model curricula and teaching practices,
particularly in the STEM courses. The model curricula and teaching practices should
incorporate college and workforce readiness standards as well as rigorous applied-learning
components. Texas should implement a strategy to share the model curricula and teacher
practices with school districts and teacher-preparation programs.

CONTINUE AND ENHANCE THE FOUR YEARS OF MATH AND SCIENCE, Texas should maintain and
enhance the requirement that students take a fourth year of math and science. STEM
disciplines are driving the innovations that are shaping the global economy and this
requirement will position Texas students to compete. Because applied learning has been
found to increase completion rates, Texas should examine ways to implement applied-
learning components into required coursework.

BETTER PREPARE IMIATH AND SCIENCE TEACHERS., Currently four Texas institutions of higher
education have UTeach programs, a high-quality Texas teacher preparation program that
directs math and science majors toward a teaching career. This National Academies of
Science-endorsed program is increasing the number of subject matter teachers in the
classroom, thus improving teacher retention rates and student outcomes. Texas should take
steps to expand this model to other institutions of higher education or implement similar
measures to improve teacher preparation outcomes.
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% EXPAND THE CAPACITY AND REACH OF THE CURRENT T-STEM PROGRAM, Texas has seven STEM
centers designed, in part, to provide professional development to teachers and 35 STEM-
based high schools.® Texas should enhance the capacity of STEM centers so that more
teachers receive professional development services. The centers should also collaborate with
the private sector to design industry-appropriate professional development modules. Finally,
the center’s capacity should be improved to identify, facilitate, and replicate industry-linked
applied-learning partnerships at existing STEM campuses as well as non-STEM campuses.

% [ENHANCE CAREER AND TECHNICAL EDUCATION (CTE) COURSES. Texas should carefully examine
current efforts regarding CTE courses and commit to infusing CTE with rigorous standards and
relevance.

% |MPROVE COLLABORATION ON TRANSFER STANDARDS. To increase the number of graduates and
accelerate graduation, institutions of higher education must maintain continuous alignment
of transfer standards. Articulation agreements must exist between two- and four-year
institutions. Additionally, transfer standards must also be in place for high school dual credit
courses at all higher education institutions in Texas.

Action 3: Advance STEM Learning in Higher Education by Streamlining Curriculum with Necessary KSAs.
Texas needs to increase the number of higher education students graduating with STEM-related and
managerial KSAs to meet industry needs. Texas should increase the opportunity for individuals to
pursue technical careers in the Energy and Petrochemical clusters by offering post-secondary courses
aligned with occupational needs.

STEM courses may be outdated or inefficient and a review of higher education certificates, technical
training, and other courses should be undertaken to ensure courses are current and aligned with
industry needs. A systematic process to review courses and eliminate those that are superfluous
while enhancing those relevant to industry needs to be undertaken. Model curricula could be
developed and implemented in high-need areas by updating content to better train for the necessary
KSAs.

Action 4: Make Delivery of Workforce Training More Flexible. Texas should improve the flexibility of its
technical education and training system in response to industry training needs across the state,
regardless of service area boundaries. The state should examine ways to allow community and
technical colleges to deliver training where employees are located, independent of the region where
the college is located. It should:

% REVISE THE HIGHER EDUCATION REGIONAL COUNCIL (HERC) POLICY FOR COMMUNITY COLLEGES. This
would allow community and technical colleges to provide training across regions.

% PROVIDE FREEDOM FOR TEXAS STATE TECHNICAL COLLEGE CAMPUSES (TSTC) TO MEET INDUSTRY SKILL
NEEDS. TSTC should be able to provide training anywhere in Texas to allow a quick response to
industry workforce demand. Further, to expedite needed workforce training where

specialized courses or programs are available, Texas needs a clearly defined sequence of
courses based on industry standards.

33 Texas Education Agency. “Texas STEM Academies Description.” <http://www.tea.state.tx.us/ed_init/thsp/tstem/ academies.html>.
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Action 5: Continue the Skills Development Fund. The Skills Development Fund provides state money to
respond directly to the workforce needs of Texas employers. When a single business or consortium of
businesses identifies training needs, a Skills grant can fund the development and implementation of
targeted, customized training through a community college, technical school, or other training
provider.>® This is an effective tool for helping to retrain workers and meet the needs of industry in a
“just-in-time” manner.

Action 6: Engage Retirees. The effects of an aging workforce can be partially addressed by
communicating with and re-engaging retirees and workers from non-traditional occupations who
possess subject matter expertise and valuable hands-on experience. Corporations should be invited to
work with the state to examine tax, health care, and worker liability issues and how best to organize
and launch older worker retention initiatives. While the Age Discrimination and Employment Act has
eliminated a formal retirement age, employees, particularly those in more physically stressful
occupations, may still be inclined to leave the workforce early or at retirement. It may be those
workers whose knowledge and skills need to be retained and transferred to the next generation. The
petrochemical industry has a long history of using retired engineers as consultants and is now
beginning to explore options for retaining older workers as mentors to younger workers. These
directions need serious consideration given the demographic reality.

Action 7: Recruit Workers from the Military and Declining Industries. Texas should implement strategies,
such as working with the military and their spouses, to align occupation certification requirements to
expand the labor pool for Texas industries. These efforts are needed to engage workers already in the
workforce or who will soon be entering the workforce, and should be coordinated by the proposed
Director of Education and Workforce Competitiveness. ETF projects should coordinate talent
development with universities and the military as part of existing efforts to develop new
technologies.

Action 8: Create a Workforce Supply-Demand Database. Texas needs accurate data to better assess the
current and future workforce gaps between supply and demand in priority industries and
occupations. An industrywide database should be created to capture current and projected supply-
demand data. This would be a collaborative approach between private industry, the THECB, TWC,
TEA, and other relevant stakeholders quarterly generating current, 6-month, 3-year, and 5-year
projections on the number of:

* Skilled workers needed by occupation and industry
Graduates in critical fields
Students in K-12 programs

Students in certificate programs at community and technical colleges

* % % %

Students in 2-year, 4-year, and advanced degree programs in critical fields

34 Texas Workforce Commission. “Skills Development Fund.” <http://www.twc.state.tx.us/sves/funds/sdfintro.html>.
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The data should reside in an online tool to be accessible to all stakeholders. Educational institutions
would have accurate demand information so that they can provide needed courses and programs in
the right areas and on a just-in-time schedule. The data would also allow industry leaders to have
accurate supply data to determine site locations and whether regions can support growth. The
database would allow the state to address demand-supply gaps in a more timely fashion.

Action 9: Establish a Texas Center for Workforce Innovation to Promote and Support Skills Pipeline
Initiatives. The urgency of skills pipeline challenges calls for establishing an intermediary that can
bring together and facilitate workforce partnerships in support of economic development priorities in
regions across Texas. Texas should establish a new entity—a center sponsored by and associated with
the TWC—to further the goals of innovation and competitiveness in meeting Texas’ workforce needs.
The center should house staff from the TEA, the THECB, and the TWC to promote innovative solutions
and strategies for meeting the workforce needs of Texas employers.

The proposed center would have the following mission and objectives:

% House the proposed supply-demand database and generate baseline data on state skills
pipeline status at all levels.

* Implement strategies to align the skill sets of individuals with job opportunities by promoting
the right tools, programs, curricula, and resources.

% Promote replication and sustainability of high-quality programs that meet the competitive
needs of our state.

The center will assist economic development, workforce, and education leaders in Texas regions to
form working partnerships that will enhance skills pipeline dynamics, assess region-specific
challenges, collaboratively define shared objectives, and implement changes and enhancements at
each level consistent with the region’s economic strategy.

4.1.8 Summary of Workforce Strategic Directions

The Texas Energy and Petrochemical Clusters have the largest workforce in the state. Of the five
economic foundations needed by these clusters for their sustained competitiveness, building a skills
pipeline may be the most important, while also the most challenging. The numerous workforce needs and
rapid pace of change in cluster segments means that Texas must ensure its skills pipeline is prepared to
deliver a quality labor force.

Major petrochemical firms are already learning to work closely with surrounding high schools to
introduce their career opportunities and build relationships that will lead to students remaining in school,
graduating, and receiving training that will allow a career in this industry. Enhancing the K-12 capacity to
retain and ready students is by far the greatest need for the future, in this cluster or any other.
Fortunately, the system for advancing skills in Texas has been adaptive, is working more closely with
industry, and thus is able to shape and deliver training programs that better match what markets need to
prepare both the existing and future workforce.
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Texas has a strong training infrastructure, but the scale of challenges ahead in terms of rapid changes in
skills needs and an aging workforce requires an increasing convergence of lifetime human capital
management from preparation through advancement and renewal of skills. Industry and educational
institutions need help to form new regional partnerships to achieve this. A new intermediary to help
study, enable, and guide these partnerships may also be necessary.

4.2 RESOURCES: CRITICAL FEEDSTOCK TO ENERGY AND PETROCHEMICAL PRODUCERS
4.2.1 Framework: Role of Resources in Energy and Petrochemical Cluster Advantage

Texas’s ready access to existing natural resources gives the state a competitive advantage in the Energy
and Petrochemical Clusters. This advantage has helped it to become the country’s largest energy
producer and the petrochemical capital of the world. For the first time, the petrochemical industry is
facing threats from overseas producers in high-growth markets that have feedstock advantages. For
Texas to maintain its competitive advantage, it will need new extraction approaches and new sources of
chemical feedstocks. As demand for electricity continues to rise, Texas must proactively develop both
traditional and emerging fuel sources.

4.2.2 Resources for the Energy Cluster

Texas benefits from a wealth of fuel sources for the Energy Cluster, including natural gas, coal, wind, and
solar. Figure 64 depicts ERCOT’s 2008 installed capacity and generation mix.

FIGURE 64: ERCOT INSTALLED GENERATION CAPACITY MIX, 2008

Source: ERCOT Presentation to House Regulated Industries Committee, April 24, 2008.
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Texas is the nation’s largest producer and consumer of natural gas, providing 30 percent of
U.S. supply and consuming a fifth, largely in the industrial and electricity generation sectors.*® Texas’
wholesale electricity markets were restructured in 1995 resulting in dozens of gas-fired combined-cycle
power plants being built across the state. Competition has succeeded in bringing a significant number of
new modern high-efficiency, clean power plants to the Texas market. Natural gas-fired generation now
accounts for approximately 46 percent of the energy in ERCOT. The abundance of natural gas, the ease of
siting, and lower capital costs are reasons that new gas plants will continue to be built across the state in
coming years.

Texas consumes almost 100 million tons of coal per year, largely in the electric power production
sector.® While Texas produces about 45 million tons a year of coal, the rest of the demand is currently
being met by coal imports from the Powder River Basin (PRB). While Texas currently has four coal plants
under construction, the uncertainty about potential federal carbon legislation has slowed new builds.

Texas has some of the greatest wind energy potential in the United States and has led the nation in
annual wind capacity additions for the last three years. Areas with the highest wind potential include the
Texas Panhandle, the Gulf Coast south of Galveston, and the mountain passes and ridge tops of the

Trans-Pecos.

FIGURE 65: UNITED STATES WIND RESOURCE MIAP, 2008

Source: National Renewable Energy Laboratory

35 Energy Information Administration. “State Energy Profiles: Texas Quick Facts.” <http://tonto.eia.doe.gov/state/ state_energy_profiles.cfm?sid=TX>.
36 Energy Information Administration. “Annual Coal Report 2006.” Nov 07, <http://www.eia.doe.gov/cneaf/coal/page/ acr/acr_sum.html>.
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Texas has among the best untapped solar energy potential in the country. A 2002 National
Renewable Energy Laboratory (NREL) study estimated that Texas could produce 127,000 MW of

photovoltaic-generated electricity. The capacity would require about 0.04 percent of Texas’ total land
37
area.

FIGURE 66: SOLAR PHOTOVOLTAIC (PV) RESOURCE POTENTIAL, 2007

Source: National Renewable Energy Laboratory

4.2.3 Resources for the Petrochemical Cluster

The Texas petrochemical industry has flourished since the early 1990s due to the abundance of crude oil
and natural gas resources in the state. As demand for these resources has grown, industry and
government in Texas have developed a strong infrastructure of pipelines and ports to enable the state to
sustain access to petroleum products from around the world. Over the years, as domestic oil production
declined, Texas has been able to access crude oil from locations worldwide to provide raw material to
refineries. The refineries, as well as natural gas processing plants, provided feedstock to the
petrochemical industry. Recent and future development of LNG facilities will allow Texas to continue to
supply consumers, utilities, and industry with natural gas as domestic supplies shrink.

37 Leitner, Arnold. Fuel from the Sky: Solar Power’s Potential for Western Energy Supply. Golden, CO: National Renewable Energy Laboratory, 2002.
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FIGURE 67: DRY NATURAL GAS PROVED FIGURE 68: CRUDE QIL PROVED RESERVES

RESERVES, 2006 BY AREA, 2006

Source: EIA

The Upstream sector in Texas is currently enjoying high revenue and profits due to the global demand for
oil and natural gas. However, this segment is still struggling with declining oil and natural gas production.
Access to economical feedstocks is essential to the Downstream sector’s ability to produce competitive
products. Refiners can pass on the higher cost of crude oil, but petrochemical producers have a much lower
capability to do so. The biofuel industry uses corn- and seed-based raw materials, but the longer-term
potential for biofuels is in other non-food feedstock sources (e.g., lignocellulosic and micro-algae), which
are expensive and in need of technological development.

Challenges for industries in the Upstream sector of the cluster are rising. Greater dependence on imported
oil, NGLs, and LNG will mean fewer jobs in Texas and the United States, exposure to the loss of
petrochemical companies, and less competitive refining. To stay competitive, refiners will need more
feedstock flexibility.

Texas refiners are affected by growing refinery capacity in the Middle East, China, and India. Those refiners
will fill the expanded capacity with regional crude oil from the Middle East and Africa, and make it more
challenging for U.S. refiners to secure optimal supply. Texas will need to continue to increase the recovery
rate of its fields using second-generation EOR methods to sustain oil production. The share of
unconventional oil and gas production (such as shale gas) and tertiary recovery undoubtedly will increase
globally, and producers will be looking for proven technology and skill-sets to help achieve production
targets.

The presence of raw materials for biofuels creates an opportunity to diversify and expand Texas’ influence

in that market. The issues limiting development of next-generation biofuels are challenges of science and
technology and should be viewed as opportunities for growth.
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4.2.4 Energy and Petrochemical Resource Challenges

Challenge 1: Increase Natural Gas Supply.

* The increased demand for natural gas cannot be met with existing Texas
production. Texas already imports natural gas by pipeline and that supply is being bolstered
by LNG supplies. As the need for imports increases, so does upward pressure on natural gas
prices. Consequently, the plateau in Texas gas production coupled with higher gas demands
may expose Texas consumers to higher energy prices.

* The declining domestic production of natural gas and growing U.S.
demand is increasing the need to import LNG. The decline also reduces the NGL supply from
gas-processing plants, which are a key petrochemical feedstock. Higher oil and gas prices
provide short-term profits, but the trend of reduced oil and gas production will ultimately
shrink the economic engine that employs many Texans either in direct or supporting jobs.
Potential carbon regulations also pose a threat to the Upstream assets.

Challenge 2: Growing Renewables. Development of wind and solar power generation will require their
integration into the electricity transmission system.

Challenge 3: Building of Nuclear Power Plants. Nuclear power growth is also required to meet projected
energy needs. Texas has the capability to develop new nuclear power facilities efficiently, provided
that disposal issues are addressed.

Challenge 4: Growth of Canadian Feedstock. The growth in production and investment in the Alberta tar
sands region will increase supply of Canadian synthetic crude into the United States and alter refinery
processing requirements and patterns of crude oil supply. Pipelines that previously carried crude from
Texas and the Gulf Coast markets to the Midwest are being reversed to bring Canadian crude to the
Gulf. Development of this reversal process to maximize benefit to Texas refiners and chemical
producers is a key challenge.

Challenge 5: Facing Low-Cost Feedstock Overseas. The chemical industry is being squeezed by very high
costs for refined feedstocks as well as NGLs due to higher global prices for petroleum products and
pressure from new chemical production in the Middle East. Texas chemical producers are no longer
the global low-cost provider and may not be able to pass on the higher cost of feedstocks to
consumers, resulting in compressed margins. The availability of low-cost gas and oil in the Middle East
and Asia is driving investment and increasing economic competitiveness in those regions.

Challenge 6: Harnessing Lower-Value Chemical Feedstock. Existing and planned ethanol and biodiesel
facilities in Texas use traditional feedstocks (e.g., corn, soy) and may be contributing to higher food
prices. While development of next-generation biofuels using feedstocks such as cellulosic materials,
jatropha, and micro-algae can potentially contribute to Texas’ economy in the long run, it requires
assessment of locations and infrastructure needs, as well as feedstock growth and conversion
technology R&D. Projects to use lower-value fossil fuels, such as coal and petroleum coke, for
conversion into petrochemical feedstock create an alternative supply, but require high margins
between the value of the products and the feedstock to justify the investment. The challenge will be
for Texas to find way to support these strategic projects to keep feedstock costs down.
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Challenge 7: Biofuel Growth. The biofuels industry, primarily ethanol, has grown substantially over the
last several years. The ethanol growth has been through use of corn, while biodiesel used soy-based
feedstocks. The increased demand for corn due to ethanol production has increased the cost of food,
both in the U.S. and globally. Future growth in biofuels will depend on the development of new
feedstocks and technology.

4.2.5 Energy and Petrochemical Resource Actions

The following are recommendations for improving the state’s Energy and Petrochemical Cluster
competitiveness issues related to resources:

Action 1: Diversify Power Generation Sources. To ensure supply of power generation adequate to meet
the state’s growing demand, the state should take the following actions:

* The state should establish a partnership
between Texas A&M University and industry to research opportunities regarding the entire
nuclear fuel cycle, including recycling spent fuel.

*

% Large-scale storage technologies to store off-peak wind energy for release during peak
demand periods.

% Clean coal technology that uses Texas lignite as the primary fuel or captures carbon
dioxide for use in enhanced oil recovery, or both.

Action 2: Develop In-State Natural Gas and Crude Oil Assets. Texas should identify and resolve barriers
to accelerating development of in-state natural gas assets, including Barnett and other shale assets.
Issues related to the proximity of the Barnett shale to major metropolitan areas and transport of gas
from the region to markets must be considered. Additionally, Texas should aggressively pursue efforts
to develop its crude oil assets.

Action 3: Aggressively Explore Possible Partnerships with Mexico, Canada, and Other Jurisdictions to
Gain Access to Potentially Undervalued Resources. Texas should explore and develop partnerships
with other jurisdictions to gain access to potentially undervalued resources. Both Mexico and Canada
have significant natural gas reserves, although Mexico has significant infrastructure issues impacting
its ability to bring gas to market. Western Canada will become a major hub for natural gas when new
gas pipelines from Alaska and the McKenzie River area pass through Alberta.

Action 4: Explore Conversion of Coal and Coke to Syngas for Power Generation. New sources of natural
gas can come from conversion of coal or petroleum coke. Texas has the world’s largest production of
petroleum coke, much of which is exported. Converting the petroleum coke into syngas for use in
domestic power generation may be a competitive alternative to supplement LNG imports into Texas.
Projects such as Eastman Chemicals’ investment in Beaumont to convert petroleum coke into
chemical feedstocks have the flexibility to produce syngas for utility usage as well.
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Action 5: Support Technologies that Develop Alternative Feedstock Supply. New sources of chemical
feedstocks can also come from conversion of lower-valued fossil fuels. Converting these high-carbon
content fuels into non-combustion products may have environmental as well as economic benefits.
Projects such as Eastman Chemicals’ investment in Beaumont to convert petroleum coke into
chemical feedstocks would be a viable means to expand petrochemical supplies.

Action 6: Create a Governor’s Task Force to Develop Next-Generation Biofuels. Texas should leverage
natural resources and technology to accelerate development of non-food feedstocks for biofuels in a
manner consistent with state goals. The challenges in bringing second- and third-generation biofuels
to the market are substantial. However, it is essential to determine the long-term economic viability
of, and contribution from, new biofuel feedstocks. Achieving this goal can be accomplished through
organizing a “Next Generation Biofuels Task Force” comprised of diverse academic, biofuel industry,
agriculture, refining, and government membership. The goal of this task force would be to develop a
framework to accelerate the ultimate commercialization of a biofuels industry in Texas that has
positive impacts on the state’s overall economy and environment.

Action 7: Consider Follow-Up Action Related to Governor’s Letter to the EPA. On April 25, 2008,
Governor Perry sent a letter to the EPA requesting a waiver of a portion of the RFS, based upon data
demonstrating that implementation of the mandate is having a negative impact on Texas’ economy
and driving up food prices. The Governor noted that the RFS, although a well-intentioned policy, has
the unintended consequence of harming the Texas agriculture industry and contributing to higher
food prices. Texas should work to ensure energy policies do not create false market forces.

4.2.6 Summary of Resource Strategic Directions

Resources are at the core of the Energy and Petrochemical Clusters, however, competitive pressures
require the resources to change. Texas is perhaps one of the richest states in terms of resources for
energy and petrochemical production. The state has many options and will need to play a role in the
exploration of resources and enabling their way to the marketplace. Whether the issue is finding
reserves, creating new synfuels, harnessing the wind or sun, or sequestering carbon, resources are at the
center of today’s knowledge economy. This reality is a fundamental competitiveness issue for industry
and the State of Texas can be a crucial partner.

4.3 INFRASTRUCTURE: BUILDING BLOCKS FOR ENERGY AND PETROCHEMICALS
4.3.1 Framework: Infrastructure as the Bridge to Marketplace

Texas’ infrastructure—the roadways, railways, and waterways—support the operations of the economy.
Adequate infrastructure is a primary factor in managing the costs of raw material supply and product
delivery for the Energy and Petrochemical Clusters. The efficiency of infrastructure determines whether
regional industries can create and respond to market demand and deliver products and services to the
marketplace.
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4.3.2 Texas Status and Comparative Position

Texas has strong infrastructure in place to serve the Energy and Petrochemical Clusters.

ROAD AND RAIL. Texas has the most interstate and railroad miles of any state. Texas has over 3,200 miles
of interstate. It also has 10,386 railroad miles. The state is the origin point for almost 25 percent of all
chemical products and 15 percent of all petroleum products by rail movements in the United States, and
Texas ranks first in tonnage for both.

Miles

FIGURE 69: INTERSTATE IMILES AND CONDITION
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Source: Federal Highway Administration, 2006

FIGURE 70: RAILROAD MILES AND COMMODITY TONS ORIGINATED

Total Rail Miles

Million Tons Originated—

Million Tons Originated—

Chemicals Petroleum Products

Texas 10,386 40.7 9.7

Illinois 7,196 7.3 2.7
California 5,791 3.5 3

Pennsylvania 5,002 <3

New York 3,532 2.3 2.4
Oklahoma 3,237 3 1.7
Louisiana 2,947 20.9 3.7
Colorado 2,529 <3 1.4
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PORTS, Texas has three of the world’s 50 largest ports, which have the capacity to handle crude, NGL, and
products from worldwide sources.*® Texas’ largest port is Houston, which is home to the second largest
petrochemical complex in the world. About 100 steamship lines offer service linking Houston with 1,053
ports in 203 countries.*

FIGURE 71: WORLD’S TOP PORTS BY CARGO \VOLUME

Cargo Volume, | Cargo Volume Change, 2002-2006

Rank 2006 Port Country

MMT (%)
1 Shanghai China 537 125
4 Ningbo China 309.7 106
5 Guangzhou China 302.8 116
6 Tianjin China 257.6 100
7 Hong Kong China 238.2 24
8 Qingdao China 224.2 87
11 Qinhuangdao China 204.9 69
12 South Louisiana u.s. 204.6 4
14 Houston, TX u.sS. 201.5 25
15 Dalian China 200.5 86
16 Shenzhen China 176 132
20 New York/New Jersey u.s. 143 17
25 Dampier Australia 126.1 37
27 Port Hedland Australia 111.8 37
28 Dubai Ports UAE 110 *
37 Hay Point Australia 86.2 15
38 Newcastle Australia 85.6 11
41 Vancouver Canada 79.6 27
42 Long Beach, CA u.s. 76.6 24
44 Gladstone Australia 74.2 36
46 Beaumont, TX u.S. 72.1 -8
48 Corpus Christi, TX u.s. 70.4 8
50 New Orleans, LA u.S. 69.8 -10

Source: American Association of Port Authorities, 2006

38 American Association of Port Authorities, 2006
39 Port of Houston Authority. “General Information.” <http://www.portofhouston.com/geninfo/overview2.html>.
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LIQUEFIED NATURAL GAS TERMINALS. Texas has eight Federal Energy Regulatory Commission (FERC)-
approved onshore LNG terminal projects, the most of any state. Texas’ LNG terminals, however, may
face overcapacity when they come online, since LNG suppliers will want to export LNG if the world price
exceeds the domestic price. For example, LNG suppliers in April 2008 received about $14 per million
British thermal units (MBTU) of LNG at terminals in Japan and Korea, while suppliers would have earned
about $10/MBTU in the U.S.*

FIGURE 72: APPROVED LNG TERMINALS

Source: Federal Energy Regulatory Commission, 2008

REFINERIES. The 26 refineries and multiple petrochemical plants in Texas account for more than one-
fourth of total U.S. refining capacity and over 75 percent of U.S. basic petrochemical production.*
Texas’s greatest competition in refining capacity comes from the Middle East and East Asia. Major
developments there include the UAE’s plan to build the world’s largest petrochemical complex and
China and India’s expanding refining and petrochemical capacity.

FIGURE 73: NUMBER OF PETROLEUM REFINERIES

Petroleum Refineries

Texas 26
California 21
Louisiana 16
Oklahoma 5

Pennsylvania 5

Illinois 4

Source: Energy Information Administration, 2008

40 Davis, Ann, and Gold, Russell. April 18, 2008. Surge in Natural-Gas Price Stoked by New Global Trade Further Gains Likely Despite 93% Spike; Bidding
With Japan. Wall Street Journal.
41 Energy Information Administration. “State Energy Profiles: Texas Quick Facts.” <http://tonto.eia.doe.gov/state/ state_energy_profiles.cfm?sid=TX>.
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PIPELINES. Texas’ pipeline matrix is more extensive than that of any other state. It enables shipment of
Texas’ refined products across the U.S. and provides emerging access to Canadian crude.*’ The pipeline
system includes the Colonial Pipeline (Koch), which is the largest petroleum pipeline system in the U.S.
and is vital for supplying markets throughout the South and the East Coast.

FIGURE 74: NUMBER OF MAJOR PIPELINES

H Crude Oil

M Liquid Petroleum Gas

B Petroleum Product

# of Major Pipelines
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Source: Energy Information Administration, 2008

TRANSMISSION GRID: Texas’ transmission system is broken into ERCOT and non-ERCOT regions. The ERCOT
transmission system is comprised of 38,000 miles of transmission lines, 22 percent of which are high-
voltage 345 kV lines.” For the non-ERCOT regions of Texas, the Southwest Power Pool (SPP) performs
transmission planning for parts of North-East Texas and the Texas Panhandle; the Entergy Gulf States
Utilities within the Southeastern Electric Reliability Council (SERC) for parts of East Texas; and the El Paso
Electric Company within the Western Electricity Coordinating Council (WECC) for parts of West Texas.
Additional transmission expenditures have been earmarked for future infrastructure improvements.**

42
43
44

Energy Information Administration, 2008.

North American Electric Reliability Corporation, 2007.

Future transmission expenditures have been earmarked by independently operated utilities and transmission companies at the national level; a total
of $37 billion of investments have been earmarked over the next 3 years. ERCOT has earmarked $3 billion over the next five years for planned
transmission improvements.
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FIGURE 75: MAP OF MAIN U.S. POWER GRIDS

Source: North American Electric Reliability Corporation, 2006

Concentration of infrastructure assets in Texas has attracted massive support services for thee Energy
and Petrochemical Clusters, including engineering services, valve and equipment manufacturers, and
R&D firms. However, with population growth, Texas’ infrastructure has become increasingly congested,
impacting existing businesses and potential new development. Stakeholders from both clusters
identified infrastructure constraints as a significant and growing problem.

4.3.3 Infrastructure Challenges

The Energy and Petrochemical Clusters depend heavily on the ability to receive raw materials and ship
finished products in a timely manner. Just-in-time inventory is often essential to a successful business.
Because Texas faces many competitive threats, the state must take steps to improve infrastructure and
minimize the costs for businesses to operate efficiently. The existing and impending challenges created by
infrastructure problems in Texas include the following issues:

Challenge 1: Difficulty Overcoming Constraints in Shipping Volumes. Necessary dredging work by the
Army Corps of Engineers has not been funded, limiting cargo volumes in the Houston Shipping
Channel and Neches River. This raises raw material and shipment costs for products delivered by
water.

Challenge 2: Logistical Congestion. Scheduling inflexibilities and delays due to channel management and
dock loading and unloading are causing increased demurrage on vessel discharges in Texas ports.

Challenge 3: Rail Congestion. The rail system in Texas is burdened by uncoordinated railcar movements
into and from manufacturing sites in key centers. Major constraints facing customers include lack of
rail system capacity, poor scheduling coordination, and railcar shortages. These delays make it
difficult to ensure timely receipts and deliveries of goods.
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Challenge 4: Improperly Maintained Roads and Highways. The Texas Department of Transportation has
experienced cutbacks in federal highway funds at the same time that highway construction needs and
costs are escalating. Roadways are deteriorating and stakeholders believe this is impacting business
performance.

Challenge 5: Need for Gas Integration Infrastructure. Production from new LNG re-gasification facilities
will need to be integrated into the existing natural gas supply and distribution network. The longer-
term development of additional LNG facilities and associated pipeline connections require assessment
to determine optimal benefit to Texas industry and consumers.

Challenge 6: Need for Biofuel Raw Material Delivery Infrastructure. Texas has strong potential to
develop new sources of biofuel raw materials, including lignocellulosic feedstocks. In addition, Texas
has the capability to produce biodiesel from micro-algae. Infrastructure will be required to bring raw
materials to the production site and to move the ethanol produced to markets.

Challenge 7: Need for Integrated Infrastructure Developments. New infrastructure may be needed to
support already announced investments. Extensive development has been planned in the Golden
Triangle and Port Arthur areas.

Challenge 8: Need to Rapidly Scale-up Transmission Infrastructure. Texas must continue to expand
transmission capacity in order for resources to be used fully. Specifically, rapid increases in wind
generation installation in West Texas are expected to result in transmission congestion until new lines
are added between the region and the rest of the ERCOT system.

Addressing these challenges will have an important impact on the future economic competitiveness of
Texas, and they should be a priority focus for sustaining and growing the economic value of the clusters.

4.3.4 Proposed Infrastructure Actions

Based on analyses and stakeholder input we make the following primary recommendations to ensure
Texas remains competitive:

Action 1: Define Infrastructure Priorities. Texas should launch an initiative to examine the existing
infrastructure supporting the Energy and Petrochemical Clusters, identify specific areas for
improvement, and implement changes in policy and funding. The initiative should focus on addressing
both short- and long-term infrastructure needs to ensure that Texas retains its existing infrastructure
advantage. The initiative should address the following projects:

* Identify funding sources and engage the Army Corps of
Engineers in resolving project delays.

* Although much of the system is federally controlled, Texas can pro-
actively advocate for change by seeking deregulation of the current system. Competition may
help alleviate distribution issues.

* Advocate for a fairer distribution of fuel tax dollars from the federal
government for highway repair.

* Work with industry stakeholders to ensure required
infrastructure is in place to support the growth of the Golden Triangle and Port Arthur areas.
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Coordinate development of roads and
highways, transmission and distribution lines, and natural gas pipelines to reduce costs and
the amount of private land condemned for these public purposes.

Action 2: Specify Alternative Fuel Infrastructure Needs. Federal RFS legislation mandates substantial
growth in cellulosic biofuels. While Governor Perry has sought an exemption from these mandates,
Texas should identify and outline the range of specific infrastructure enhancements needed to
support alternative fuels, including:

*

*

Action 3:

Identify potential source regions for various raw materials (e.g.,
jatropha may be optimally grown in the Rio Grande basin).

Identify optimal locations for conversion plants to process the raw
material into biofuels. Examine tradeoffs between plant proximity to the raw material and the
ability to transport the biofuel to the marketplace.

Identify requirements to store raw materials for processing (e.g., silos
and tanks).

Identify potential costs and feasibility of product transport by
pipeline in Texas.

Address actions to improve quality issues such as
water impacts related to biofuel integration with fossil fuel supply.

Nitrogen oxides (NOx) issues must be resolved before introducing mass
biofuel in ozone non-attainment areas of the state.

Enhance Transmission Capacity. Texas must continue to expand transmission capacity to take

advantage of new and existing electricity generation resources. Specific actions that should be
pursued include the following:

*

In order to address the addition of significant wind capacity
proactively, the PUC should expeditiously conclude the CREZ proceeding, select a transmission
plan, and issue needed Certificates of Convenience and Necessity (CCNs) for CREZ
transmission lines. The current transmission development schedule may not allow for
construction to commence before the third or fourth quarter of 2009. The PUC should rapidly
complete the remaining tasks so transmission construction can begin in earnest

Wind reduces the temperature of transmission lines, thus
allowing more power to flow in a reliable manner. ERCOT uses an out-of-date static
calculation for determining the amount of power that can flow across lines, while many areas
of the country use a more accurate dynamic method. This study should be completed within 6
months.

To drive investment in transmission, state policy
should eliminate regulatory impediments and provide regulatory certainty, particularly with
respect to attractive returns, alternative capital structures, incentives, cost allocation, and
cost recovery.
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* By shifting demand to off-peak
hours, customers benefit from generation and transmission cost savings through reduced
losses and congestion. Reduced usage can also help ease the pressure on the transmission
and distribution network at peak times. An additional implication of efficient pricing is that it
can help moderate price movements in wholesale markets by providing a price response that
leads to reduced usage during system peaks. The state should require Transmission and
Distribution Utilities (TDUs) to deploy advanced meters, with an appropriate cost recovery
mechanism, to ensure that TDUs earn a reasonable return on this investment. The PUC should
have the authority to require deployment of advanced meters as rapidly as possible.

* Distributed generation can reduce demand on
part of the distribution system and, thus, allow the utility to avoid or delay future capital
investment, provided that reduction of the load on the system is permanent.

* The impact of power distribution on customers has grown
steadily over time due to increased use of digital technology. The current U.S. electricity
distribution infrastructure is aging, and distribution system faults lead to expensive customer
outages.

* Texas should form
partnerships with higher education institutions and corporations to develop and promote
advanced T&D technologies and incent investment in R&D of such technologies.

4.3.5 Summary of Infrastructure Strategic Directions

Texas has an above average infrastructure in place that enabled the formation of its world class clusters—
particularly in petrochemicals. The actions proposed reflect a broad need to ensure that Texas can
continue to attract new industry investment across all segments of the Energy and Petrochemical Cluster
value chains.

4.4 INNOVATION—CAPTURING IDEAS IN THE ECONOMY
4.4.1 Framework: The Innovation Pipeline

The innovation pipeline is a set of economic relationships that produces new knowledge and brings this
to the marketplace, enabling the formation and growth clusters of industries, suppliers, and related
institutions. The innovation pipeline is a continuum, and a state may have strengths and weaknesses at
any point along the continuum. This pipeline consists of three interconnected systems:

* The ability to grow and sustain a critical mass of basic and applied
science research, whether in universities, national laboratories, or corporations. The discovery
system produces precompetitive inputs, such as scientific literature, patents, and expertise.

* The development system is the ability to convert applied science
into new technologies and license or use these technologies to create new products and
enterprises.

* The deployment system is the capacity to build and grow enterprises
or existing industry around new technologies and to scale-up production to penetrate markets,
creating revenue growth and supply-chain development or clustering.
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The competitiveness of the Texas Energy and Petrochemical Clusters reflects a long history of innovation
and entrepreneurship that has matured into world-class industries with global scale. As these clusters
have grown, external competitiveness factors have increased and changed. Because of resource
constraints and external environmental factors, both of these clusters in Texas may need focused
innovation to remain competitive.

The State of Texas has been actively working to enhance its innovation pipeline over the past five years.
In 2003, Texas established the Texas Enterprise Fund with an initial two year investment of $295 million
for “deal closing.” This was followed by Governor Perry’s launch of the Emerging Technology Fund (ETF)
in 2005. The ETF is responsible for crucial investments in technology commercialization. In addition to
these efforts, the Governor has encouraged Texas’ university systems to incorporate economic
development into their missions to better leverage their potential as economic engines for Texas.

4.4.2 Discovery (What is “it”?)—Basic and Applied Science for Energy and Petrochemicals

Texas has a strong, well-established system of higher education, but its universities have significant room
for growth in terms of their innovation output in the energy and petrochemicals sectors.
Status and Comparative Position of Texas Discovery Capacity

Though Texas has a slightly higher than average number of scientists and

engineers relative to competitor states, California has over twice as many. This represents a challenge for
future industry growth in a knowledge economy.

FIGURE 76: TEXAS ENGINEERS AND SCIENTISTS, 2003
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Texas ranks below competitor states in federal R&D funding and has seen only modest
improvement over time. Department of Energy (DOE) funded R&D has not grown in Texas. The state has
not been a center for research in natural gas, hydrogen energy, or carbon sequestration (see Figure 77).
The absence of a federal laboratory is one potential explanation, but university leadership is also a factor.
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FIGURE 77: FEDERAL R&D FUNDING

Source: RAND-RaDiU.S. Database, 2007

DOE R&D funding is an important indicator of where critical mass of technology capacity starts, and it
offers insights about Texas and its institutions in the following areas (see Figure 78):
* NATURAL GAS: Texas is above average in its total share of R&D funding, but the state has seen
declining DOE funding for natural gas research.
% CARBON SEQUESTRATION: Texas is a leader in the use of carbon sequestration. Yet, Texas

received no DOE funding for carbon sequestration research in 2002 or 2006. The scale of
these issues and Texas’ experience merit federal funding for research in this area.

% HYDROGEN: Texas lags behind all competitors except Louisiana in DOE funding for hydrogen
energy research. Yet the state’s strong petrochemical industry and its likely future nuclear
power development warrant greater federal support.
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FIGURE 78: DEPARTMENT OF ENERGY R&D FUNDING

Source RAND/RaDiU.S. Database, 2007.

TEXAS PETROCHEMICAL R&D PROJECTS: While Texas conducts a breadth of research crucial to the evolving
petrochemical industry, the number and scale of these projects are limited in comparison to competitors
in California, Pennsylvania, lllinois, and other states—particularly in carbon sequestration.

DISCOVERY QUTPUTS: Texas lags behind California and its international competitors in energy-related
publications, normally an indicator of low levels of research funding and new knowledge generation.
While Texas has seen modest increases in publications, California has more than four times as many
publications in most categories, including wind and solar energy. Despite the difference in R&D funding,
Texas has made gains in energy-related patents.

IMPROVEMENTS IN SCIENTIFIC PUBLICATIONS: Texas has improved its overall level of petrochemicals-related
science publications, but output has flattened out between 2005 and 2006.
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FIGURE 79: SCIENTIFIC PUBLICATIONS—QIL AND GAS EXTRACTION, CHEMICAL ENGINEERING

Source: ISI Web of Knowledge (Thomson Corp)

RENEWABLE ENERGY: Texas now ranks second among its competitors in the spectrum of science
publications related to renewable energy. In wind, where Texas’ industry is booming, and in solar
energy, the state is growing substantially in its science publication output. However, the state shows

declining publications in biomass energy.

FIGURE 80: SCIENTIFIC PUBLICATIONS—RENEWABLE ENERGY, \WWIND ENERGY

Source RAND/RaDiU.S. Database, 2007

FIGURE 81: SCIENTIFIC PUBLICATIONS—SOLAR ENERGY, BIOMASS ENERGY

Source: RAND/RaDiU.S. Database, 2007
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COMPARISON TO FOREIGN SCIENCE PUBLICATIONS: Texas (and other U.S. states) faces competition from other
countries. China and Canada have experienced a rapid proliferation of chemical engineering
publications, and China has also grown dramatically in oil and gas extraction literature. Both countries
are making major pushes in energy as well as oil and gas R&D to serve national needs, but are also often
partnering with Texas-based companies.

The lower levels of R&D expenditures in Texas energy and petrochemicals may be a product of having a
historically successful industry with (in the case of petrochemicals) a strong corporate R&D system.
Nonetheless, the implications of national and international competitiveness trends suggest that the
state may benefit from increasing R&D outlays at its universities and, by doing so, build stronger
university-industry linkages. A critical mass of research and enhanced precompetitive R&D would help
prepare the state for the competitive and technical challenges ahead.

4.4.3 Development (Will “it” Work?)—Technology to Product in Energy and Petrochemicals

Innovation development capacity involves the translation of applied science into new technology and
products. Industry R&D and commercial R&D services are important components of this innovation
continuum. Texas is distinctive because of the scale of its petrochemical R&D and its attractiveness to
energy investors.

Texas has modest industrial R&D capabilities in its Energy Cluster and world-class capabilities in its
Petrochemical Cluster. Texas is experiencing the explosive growth of new energy technology enterprises,
particularly in wind, but it does not have a strong history of energy innovation. Texas’ history in
petrochemicals, in contrast, has been a model of entrepreneurship. Today, Texas' petrochemical
industry is characterized by a mix of very large corporate entities with a large supply chain of vendors
from within Texas and globally. As a result, corporate innovation, while alive and well, is also highly
focused on near-term objectives. However, the realities of rising feedstock costs and increased
recognition of environmental concerns has led to investment in a variety of new technologies for
environmental clean-up and “green” production.

TEXAS INDUSTRIAL R&D. Overall, Texas industry spends more on R&D than most other states--$11.5 billion
per year. However, Texas expenditures are still far lower than California’s technology-intensive
industries’ level of $45.6 billion (see Figure 82). There has also been little growth in Texas’ levels of
industrial R&D over time. Texas’ industrial R&D is substantially more concentrated in very large firms
than California’s R&D, where levels are more evenly distributed across size of company.
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FIGURE 82: INDUSTRIAL R&D SPENDING
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A useful, though limited, indicator of development-stage activity is corporate in-house R&D
expenditures. Texas ranked first nationally in National Science Foundation (NSF) data for petrochemicals,
with $567 million in annual industry R&D expenditures in 2003 (latest year for which industrial breakout
was available). In chemical R&D, Texas industry reported spending $470 million, compared to California
at $2.6 billion, Pennsylvania at $2.2 billion, New York at $1.8 billion and lllinois at $1.6 billion. These
statistics do not necessarily mean that Texas-based firms do not have access to the knowledge base of
comparison states, since operations located out-of-state may be subsidiaries or branches of Texas-based
companies. Utility-funded internal R&D in Texas was a reported $9 million per year in 2003, only half of
California’s $18 million and far lower than New York’s $23 million (see Figure 83).
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FIGURE 83: INDUSTRIAL R&D EXPENDITURES, MILLIONS OF DOLLARS, 2003 (SELECTED CATEGORIES)

Industry TX CA Cco IL LA NY OK PA

Petroleum and coal products 567 D *(E) D D 19 D 19
Chemicals 470 2,623 D 1,617 49 1,816 54 2,158

Basic chemicals 85 76(S) 5 275 24 D 13(S) 251

Resin, synthetic rubber, fibers, and filament 227 23 D 28 14 23 D 144
Pharmaceuticals and medicines 110 2,360 21 1,255 6 693 3 1,599

Other chemicals 48 165 13 59 4(E) D D 165

Plastics and rubber products 34 D 27 57 D 30(S) 4 81

Utilities 9 18 *(E) *(E) * 23(S) D 1

Professional, scientific, and technical services = 1,082 10,486 517 869 52(E) 953 81 738
Architectural, engineering, & related services 241 1,320  93(E) 88(E) 33(E) @ 137(E) 17(E) 121(E)

Computer systems design & related services 342 3,926 216 599 9(E) 219(E) 16 138

Scientific R&D services 476 5,162 195 126 7(E) 536 46 411

Other professional, scientific, & tech. services 23 78(E) 12 56 3(E) 61(E) 2(E) 68

Source: National Science Foundation, 2003
* = data less than $500,000 D = data withheld to avoid disclosing operations of individual companies
E = more than 50 percent of the cell value is imputed due to raking of state data S =more than 50 percent of the cell value is imputed.

Note: The R&D in this table is the industrial R&D performed within company facilities funded from all sources. The funds are the company’s own; funds
from outside organizations, such as other companies, research institutions, universities and colleges, nonprofit organizations, and state governments;
and funds from the federal government. Excluded from this table are R&D not performed within the company (e.g., R&D performed by other
organizations) and R&D not performed within the 50 U.S. states or the District of Columbia. (e.g., R&D not performed on U.S. soil by foreign subsidiaries

or other foreign organizations).

FOREIGN BUSINESS R&D: Industrial R&D in Texas is relatively low compared with growing competitors, such
as China and the United Kingdom. China is attempting to scale-up its entry into its own underdeveloped
markets through its large state-owned energy companies.

INTELLECTUAL PROPERTY: Patents are the feedstock for commercial innovation. They allow a person to
legally “capture” and develop a process or an invention. Texas is doing well in generating intellectual
property that supports innovation. Following a brief decline, Texas has been showing a strong increase in
energy patents (see Figure 84), independent of its levels of federal R&D expenditures.
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FIGURE 84: ENERGY- AND PETROCHEMICAL-RELATED PATENTS

Source: Organization for Economic Cooperation and Development (OECD)

The state has also shown a similar rise in petrochemical patents. From 2003 to 2007, Texas ranked first
in industry generated refining-related patents, while California was first in academic patents. Texas
ranked 4th in chemical products patents by industry and second in academic patents. Texas ranked 4th

among benchmark states in industrial patents in biofuels and second in academic patents (see Figure
85).

FIGURE 85: ANALYSIS OF PATENTS BY FIELD AND STATE

Chemical Production and
Biofuels Refining Technology Products

State | Academic | Private | Total Academic Private Total Academic Private | Total
X 21 162 183 0 13 13 13 258 271
CA 28 211 239 30 0 30 52 497 549
PA 8 57 65 1 0 1 22 213 235
LA 3 8 11 0 0 0 4 19 23

IL 17 118 135 0 2 2 18 169 187
OK 0 22 22 0 2 2 1 32 33

Note: Patent data for each of the three categories were obtained with searches for keywords relating to each category.

Source: Thomson, 2008.

TECHNOLOGY COMMERCIALIZATION: Texas has a long history of bringing technologies to market through its
established industries that are focused on near-term objectives. Overall, Texas has shown a strong ratio
of licenses generated per patent issued, a measure of the usefulness of patents (see Figure 86). In the
ratio of licenses generated to patents issued, Texas ranks below Colorado and close to Illinois, but above
New York and California. No data were available on the licensing of intellectual property in energy or
petrochemicals; however, there is reasonable evidence that the petrochemicals industry has a long track
record of applying intellectual property and trade secrets. While larger corporations in Texas have a
strong record of technology development, new enterprises do not fare as well. This is important because
small companies are the engine for R&D, not large corporations. This also reflects the current trend in
which large corporations leverage the cost of doing business by acquiring emerging technologies
produced by small companies. Texas’ rate of business closures to starts (churn rate) is relatively close,
suggesting that there is some challenge facing survival and growth of new enterprise.
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FIGURE 86: LICENSES PER PATENT, 2006

Source: Assoc. of University of Technology Managers (AUTM, 2007)

The two clusters have very different technology development systems:

% PETROCHEMICALS: The Petrochemical Cluster has mature, large-scale corporate upstream and
downstream R&D systems. However, they face different financial concerns, with upstream oil
and gas having a high revenue flow that permits more discretionary funding, and the
downstream petrochemical producers facing rising costs and declining margins. Yet both have
well-established internal R&D capabilities.

% ENERGY: In contrast, the Energy cluster has a diverse R&D infrastructure, drawing from
resources in Texas, as well as national and global vendors, suppliers, industry organizations
such as the Electric Power Research Institute (EPRI) and agencies such as the USDOE. Power
generation companies ‘pull’ energy mix innovation into the market to meet demand, working
with their suppliers on construction, equipment, and power engineering issues. The ERCOT
and local transmission and distribution utilities (TDUs) pull innovation into the market to
deliver energy. The retail electricity providers (REPs), too, are concerned with innovation in
managing the sale of electricity, customer service and billing, and energy efficiency issues.

The technology development issues facing these clusters are not the same and require different
solutions in organizational structure.

4.4.4 Deployment (Will “it” Sell?)—Building Enterprise from Innovation

The innovation deployment capacity of a cluster is about how well companies form or spin off new ideas
into the economy to expand or diversify.

A key indicator of innovation deployment capability is the level of enterprise formation, or how well the
company translates new ideas into businesses and the growth of enterprises into clusters. Therefore, the
level of firm dynamism in Texas’ Energy and Petrochemical Clusters offers a way to assess one important
outcome of discovery and development.
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DEPLOYMENT QUTPUTS: New Firm Starts. Texas has led its competitors in new firm starts in the
Petrochemical Cluster every year since 2000 (see Figure 87). Between 2000 and 2004 (the most recent
years available from D&B NETS), 373 new firms were established in the Petrochemical Cluster in Texas.
The most active year for new firm starts was 2001, with the establishment of 99 new firms in the state;
of those new starts, 75 percent were in the Oil and Natural Gas segment and 17 percent in the
Consumer Product Manufacturing segment. meanwhile, California had only 23 new firm starts in 2001
by comparison. New firm starts in Texas declined from 2001 to 2004; however, this decline can be seen
across various locations, indicating a broader industry trend that likely was due to the national economic
trends affecting all states. Texas has a very innovative and dynamic Petrochemical Cluster.

FIGURE 87: NEW PETROCHEMICAL ENTERPRISES BY STATE, 2001-2004

120
100
80
60
40
20 -
N T e el i
CA IL LA OK PA TX
02001 m 2002 O2003 O02004

Source: D&B NETS Dataset, 1998-2006

Like the Petrochemical Cluster, the Energy Cluster in Texas has had more firm starts every year since
2000, compared with its competitor states (see Figure 88). Of all new firm starts in Texas from 2001-
2004, 86 percent have been in the Input Manufacturing subcluster, a trend that is mirrored in other
states.
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FIGURE 88: NEW ENERGY ENTERPRISES BY STATE, 2001-2004
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CHARACTERISTICS OF DEPLOYMENT: As demonstrated by the large number of recent firm starts, Texas
exhibits a high degree of entrepreneurship in the Petrochemical Cluster. While the Energy Cluster has
more firm starts compared with competitor states, the low number of new firm starts [in the
Petrochemical Cluster is a result of large headquarter locations with in-house research, development,
and discovery that constrain the innovation pipeline to these companies, thus resulting in the

establishment of fewer new firms.

AVERAGE FIRM SIZE: In 2006, Texas had more firms in the Petrochemical Cluster than its competitors in
every firm size category (see Figure 89). Numerous small firms with 10 or fewer employees across all
locations The average size of a petrochemical firm in Texas is 39 employees, indicating that Texas also
has a number of large firms; 31 firms in Texas have more than 500 employees per firm, while California

has only 13 such firms.

FIGURE 89: PETROCHEMICAL ENTERPRISE SIZES BY STATE, 2006
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In 2006, the Texas Energy Cluster had 341 firms with fewer than 10 employees, compared with 350 such
firms in California; however, Texas has more large energy firms than any of its competitors (see Figure
90). Of the energy companies in Texas, 33 have 50 or more employees, compared with only 20 such
firms in California. Despite the lower number of firms overall in Texas than in California, Texas has higher
total employment and revenue ($6.2 million per firm), which indicates a higher level of firm productivity.
Among the Energy subclusters, Input Manufacturing has the highest number of firms in each of the firm
size categories; overall, 80 percent of firms in the Texas Energy subclusters are in Input Manufacturing.

FIGURE 90: ENERGY ENTERPRISE COUNTS BY STATE, 2006
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VENTURE CAPITAL INVESTMENT—FUNDS FLOWING INTO ENERGY: Although telecommunications, software,
semiconductors, and other high-tech sectors still receive the largest share of venture capital (VC) funds
in Texas, the state has seen more funding in energy and other industrial sectors in the last few years.*
Figure 91 highlights the growth in VC investment in the energy and industrial sectors. Investment grew
by 153 percent from 2005 to 2006 and nearly doubled again from 2006 to 2007, reaching a 7-year high.
The attractiveness of the energy and industrial sectors in Texas to VC investment is an ongoing trend. As
shown in Figure 93, the energy sector surpassed software in its receipt of VC during the first quarter of
2008. While California still leads the nation in the number of deals and overall investment, it is
noteworthy that in 2007 and the first quarter of 2008, the average deal size in the energy and industrial
sectors in Texas was higher by comparison.

45 Federal Reserve Bank of Dallas. “Texas Venture Capital: Revived Spending Ends Prolonged Lull.” Southwest Economy, Jan/Feb 2007,

<http://www.dallasfed.org/research/swe/2007/swe0701.pdf>.
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FIGURE 91: VENTURE CAPITAL INVESTMENT IN THE TEXAS ENERGY AND |[NDUSTRIAL SECTORS

Texas
Year Total Deals Total Investment | Average Deal Size
2004 19 $64,117,000 $3,374,579
2005 8 $64,397,300 $8,049,663
2006 18 $163,081,800 $9,060,100
2007 18 $318,446,300 $17,691,461
2008 (Q1) 6 $81,575,900 $3,595,983

Source: PwC/NVCA MoneyTree Report, 2008

FIGURE 92: VC INVESTMENT IN TEXAS BY SECTOR, Q1 2008
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Texas’ deployment capabilities show tremendous vitality in terms of enterprise formation and
investment attraction in both the Energy and Petrochemical clusters. However, while a leader relative to
benchmark states, Texas has high rates of both firm formation and termination. These statistics are not
specific to the Energy or Petrochemical Clusters, but they are a reminder that as dynamic as industry
formation may be, sustaining new enterprise in highly competitive markets remains a challenge.
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FIGURE 93: BUSINESS CHURN, 2005
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4.4.5 Innovation Challenges

Maintaining and improving the innovation pipeline serving the dynamic Energy and Petrochemical
Clusters in Texas is important to ensuring the state’s ongoing competitiveness in these areas. The
following discussion reviews challenges to address at each level of the innovation pipeline and the
proposed actions for overcoming them. Our discussion focuses on three challenge areas:

* How best to generate early-stage science applications to address Texas-
specific energy or petrochemical needs.

o How to accelerate creation of technology solutions and move new
ideas to market.

* How to foster the commercialization of new technology
breakthroughs to serve market needs.

Texas's discovery-level challenges are to identify and build a critical mass of research in areas deemed
essential to the state’s evolving Energy and Petrochemical Clusters. Following is a list of key discovery
challenges:

Challenge 1: Need Energy Storage Breakthroughs. Discover the best approaches for energy storage to
address the needs of the growing intermittent energy technology in Texas, with an immediate focus
on wind.

Challenge 2: Harness Untapped Texas Coal Potential. Discover principles and tools for conversion of
Texas resources, such as lignite, into feedstock for energy or petrochemical production.

[N
S
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Challenge 3: Advance Biofuel Feedstock Conversion. As mentioned earlier, Texas stands to gain by
discovering solutions for conversion of commodity agriculture, which can be commercialized into
cost-effective biofuels feedstock.

Challenge 4: Nuclear Energy Development. Nuclear energy adds generation diversity to the electric fuel
mix and lessens reliance on natural gas. One challenge to nuclear energy, however, is addressing
disposal of spent fuel.

Challenge 5: Increase Texas-Focused Energy and Petrochemical R&D and Commercialization. The
following user- and market-driven R&D initiatives could be addressed through a more fully developed
innovation pipeline:

% ENERGY
* Identify, test, demonstrate, and then deploy the most effective
consumer-focused real time metering technologies.

* Identify, screen, test, demonstrate, and implement near-term options to
provide energy storage, with an initial focus on wind.

Y% PETROCHEMICALS

* Encourage growth in use of tar sand crudes and bitumen blends
for future refinery configurations.

* Investigate enhanced deep-conversion sulfur removal
technology to extract sulfur from residual fuels.

* Analyze the trend to diesel fuels rather than gasoline, which may alter refinery
configurations.

* Foster development of technology for next generation efficiency in refineries.

* Develop processes to use bio products in the production of
petrochemical products.

% BIOFUELS

* Develop lower cost production processes for lignocellulosic raw
materials.

* Develop lower cost technologies to produce more efficient feedstock such
as microalgae or waste products for biodiesel production.

* Deploy technologies to leverage efficient integration of

biofuel production.
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4.4.6 Proposed Innovation Actions

Our analysis and stakeholder discussions suggest the following action points for the innovation pipeline in
the Energy and Petrochemical Clusters:

Texas needs technological breakthroughs to address Texas-specific Energy and Petrochemical cluster
challenges. The following suggested actions can promote such scientific breakthroughs:

Action 1: Innovation Prize for Clean Coal Technology. Texas should create state private- publicly funded
innovation prizes for clean coal technology that uses Texas lignite as the primary fuel and/or captures
carbon dioxide for use in enhanced oil recovery.

Action 2: Innovation Partnership on Nuclear Fuel Cycle. Establish a partnership between Texas A&M
University and industry to research opportunities throughout the entire nuclear fuel cycle, including
recycling of nuclear waste.

The ETF is one of Texas’ major resources for accelerating technology development and deployment and
recruiting the best research talent in the world. However, there are additional options that might be
considered to expand capacity and development of solutions for Texas-specific needs in the Energy and
Petrochemical Clusters.

Action 3: Texas Innovation Award for Technology Commercialization. Texas can develop a competitive
prize for breakthroughs in commercialization of specific “innovation challenges”, such as a large-scale
wind energy storage facility in West Texas. This type of fund has been used in other states to
encourage and recognize innovators. Further, in winning the award, innovators would receive access
to potential investors and corporate partners for commercialization. This approach emphasizes
entrepreneurial thinking that matches Texas’ needs.

The challenges facing deployment of new technologies into the Texas marketplace are particular to each
industry. Innovation in Texas’ Energy cluster, for example, is being driven by very strong market demand
and, as noted earlier, this demand will create opportunities for new enterprise along the continuum of
energy generation. The petrochemical industry is doing very well on its own developing new products.
Also, enterprise formation and investment do not appear to be in short supply, considering that many
companies in this industry have moved to Texas to grow and leverage the state’s assets and markets.
Texas’ return on current and future investments in the discovery segment will be enhanced by a stronger
market-driven commercialization focus throughout the innovation pipeline.

4.4.7 Summary of Innovation Pipeline Directions

Texas is fortunate to have a rapidly growing Energy Cluster that will be pushed by market forces to adopt
innovation rapidly and a mature Petrochemical Cluster that has the resources to invest in its own R&D
needs. Still, the competitive challenges facing these clusters in Texas may call for new industry and
university partnership to discover enabling technologies.
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Texas may also need a targeted incentive to accelerate an energy storage solution and other
breakthroughs in renewable energy or energy resources (e.g. synfuels). Further, Texas’ technology
development system could benefit from improved mechanisms to foster innovation and encourage more
active university partnership with industry on developing technologies for commercialization.

4.5 GOVERNANCE—CREATING A COMPETITIVE BUSINESS ENVIRONMENT

4.5.1 Framework: Government Policies and Practices Shape the Business Environment

How a state uses its regulatory, tax, and administrative policies to protect public interest and achieve
industry objectives can affect competitiveness. Texas’ policies and practices play an important role in the
state’s Energy and Petrochemical Clusters. Texas policies generally support open markets. Administrative
requirements can be cumbersome and increase the complexity of complying with state laws; however,
Texas effectively minimizes unnecessary administrative burdens. Tax policies in Texas are also viewed as
favorable to industry. Overall, many industry stakeholders consider Texas to be a very pro-business, pro-
market state.

This comparison highlights particular challenges to sustaining and increasing Texas’s competitiveness for
these clusters. The result is a set of recommended actions to improve governance of the Texas Energy
and Petrochemical Clusters.

We selected the following governance issues for examination:
% Permitting Processes
Business Tax Levels

Legal Environment

* ¢ %

Carbon Management

4.5.2 Permitting Processes for Energy and Petrochemical Clusters

The permitting process is a key component of the regulatory and compliance environment for the Energy
and Petrochemicals clusters. Extraction/production, air operating, and other environmental permits are
needed. Challenges have been identified within both air and water permitting.

Texas Permitting Challenges

Challenge 1: Maintaining Permit Efficiency. Many recognize that Texas’ permitting processes are already
efficient. However, stakeholders voiced concern regarding permitting efficiency caused by delay from
interactions with the EPA. Not only are timely permitting decisions expected by industry, but
inefficiency and uncertainty can result in lost opportunities for new business growth. Texas needs to
coordinate with the federal government to maintain permit efficiency and enable business growth.

Texas can take the following steps to maintain and improve its permit efficiency:

Action 1: Continuous Improvement of TCEQ Processes. Timely permitting decisions are expected by
industry and inefficiency and uncertainty in this process can result in lost opportunities for new
business growth. While many agree that TCEQ does have efficient permitting processes, they should
be independently examined to identify inefficiencies in the review processes and other barriers.
Opportunities to streamline the processes should also be considered.
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Action 2: Increase Permitting Efficiency. However, Texas should maintain and continuously improve
permit efficiency and certainty to spur further business growth and ensure state policies support
rapid permitting processes.

4.5.3 Tax Environment: Maintaining Competitive Tax Policies

The amount and type of taxes levied in a state are an important measure of the financial burden and
incentive for business investment.

Texas has the lowest corporate tax rate among competitor states and Canada. The Tax Foundation
ranked Texas sixth nationally and first among key state competitors in the Energy and Petrochemical
Clusters on the Overall State Business Tax Climate Index.*® Figure 94 provides an illustrative view of the
corporate tax rate.

FIGURE 94: CORPORATE TAXES, 2007

Corporate Taxes: Combined Fadaral and State Rate (Adjustaed) in 2007
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The state and local tax burden for 2007 in Texas places it in a favorable position. At a total of 9.3 percent
on average, the tax rate in Texas is much lower as a total state and local tax burden than all of its
competitor states, with the exception of Louisiana, which is slightly lower (see Figure 95).

46 This index is a composite ranking comprised of weighted scores across key individual and business tax-related rates.
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FIGURE 95: STATE AND LOCAL TAX BURDEN, 2007

Source: Tax Foundation, 2007 combined with ICF analysis, 2007

Texas ranks in the middle in relation to its competitors in oil and gas production tax rates, as shown in

Figure 96.
FIGURE 96: OIL AND GAS PRODUCTION TAX RATES
State Gas Production Tax Rate Oil Production Tax Rate
Texas 7.5% of the market value produced 4.6% of the market value produced
California $0.0421689/10,000 cubic feet $0.042/bbl of oil. Property taxes vary by location
Colorado 2- 5% of gross income at well head 2 to 5% of gross income
12.5% of higher of (1) gross receipts of first
. $0.07 base rate and $0.013 on lower- ? g (, )8 . P ,
Louisiana . . . purchaser (2) posted field price, or (3) severers
producing wells with base of 1,000 cubic feet .
gross income from the property
Oklahoma 7% gross production tax and 0.95% excise tax 7% of the gross value of production at the well

Source: Texas Window on State Government Web site and other state government Web sites

Stakeholders identified a number of key concerns regarding taxes. Despite having low tax rates and no
state income tax, they felt that some Texas taxes should be reduced or eliminated. Two particular issues
were raised: R&D tax implications and inventory tax.

Challenge 2: R&D Tax Implications. New technology development projects are currently taxed in Texas.
Stakeholders felt that the R&D tax situation may inhibit the exploration and design phases and
possibly slow the innovation taking place in Texas. The R&D credit that Texas’ franchise tax previously
offered was eliminated when the franchise tax was replaced in 2006. However, credits earned prior to
the revisions remain intact. Texas currently offers a sales tax exemption for equipment used in
manufacturing and specifically excludes R&D equipment.
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Challenge 3: Inventory Tax. Stakeholders stated that the end-of-year tax on equipment, products, and
other items that were in warehouses and inventories was leading to aberrant practices (i.e., moving
inventory out of state at the end of the year to avoid the tax). This diverts monetary, human, and
equipment resources, time, and effort from productive uses and was viewed as a burden that should
be alleviated.

These issues are not new or specific to these clusters, but stakeholders in the Energy and Petrochemical
Clusters increasingly view the burdens that they pose as competitive disadvantages.

The overall critical challenge in relation to taxes is to maintain competitive tax policies that have
contributed to the state’s outstanding business climate. The key is to ensure that industry does not feel
that its tax burden in Texas is compromising its competitiveness in relation to other locales.

What may be needed in Texas is the assurance of a level global playing field on taxes. This can be
addressed through the following proposed action item.

Action 3: Tax Impact Analysis. Undertake further research and assessment to ascertain the impact that
taxes have on energy and petrochemical production and delivery.

4.5.4 Legal Environment: Sustaining Fairness

The legal environment ensures that policies, procedures, and regulations are in line with the rule of law at
state and federal levels. The proper legal environment can provide positive incentives and signals for the
private sector to thrive. Conversely, if not handled or viewed positively, legal issues can hamper
competitiveness. This section outlines key legal issues that Texas stakeholders have raised about the
state’s overall competitiveness: tort reform on fuel-quality mandates and precompetitive R&D antitrust
issues.

In recent years Texas has been a proactive champion of tort reform. Efforts on this issue have led to
largely favorable views among stakeholders. Indeed, the Pacific Research Institute’s U.S. Tort Liability
Index for 2008 ranked Texas eighteenth nationally on this issue, and first among its competitors (see
Figure 97 on the next page). Tort losses, after appropriate adjustments are made, are low in Texas:
although fourth highest nationally in absolute terms primarily due to population, the state is actually the
fifth lowest after accounting for population and economic development factors. Tort system inputs place
Texas second best nationally, indicating that tort reform is working. Legal procedures, class action
lawsuit limitations, and monetary caps are clearly delineated and support the working environment in
Texas in a comparably favorable position. On the negative side, litigation risks still remain and are a
cause for concern across the private sector in Texas. This area requires ongoing monitoring.
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FIGURE 97: U.S. TORT LIABILITY [INDEX

State Overall Rank
Texas 18
Oklahoma 20
Louisiana 29
California 34
Colorado 42
Pennsylvania 45
lllinois 47
New York 48

Source: Pacific Research Institute, 2008

During the stakeholder consultations, two specific legal challenges were expressed: tort reform on fuel
quality mandates and pre-competitive R&D anti-trust issues. This section highlights the concerns on each
of these points.

Challenge 4: Tort Reform and Biofuels. The 2007 Energy Independence and Security Act (EISA) and prior
federal legislation mandate that biofuels such as ethanol, biodiesel, and other products be blended
into traditional fuel products. A range of stakeholders on all sides—oil, gasoline, diesel, and biofuels
producers and importers—are concerned about the potential for future liability from this practice.
This has been raised as a major issue by industry stakeholders, especially oil refiners and marketers,
who feel that they could be exposed to lawsuits due to any future environmental quality impacts
stemming from blended biofuels. More specifically, if at some point it is identified that ethanol in
gasoline contributes to contamination of groundwater (as occurred with MTBE), the refining and
blending industries believes they should not be liable for damages from legislated actions. Failure to
resolve this issue may inhibit collaboration between biofuel producers and refiners and possibly slow
biofuel growth in Texas, ultimately leading to an adverse impact on Texas’ competitive situation.

Action 4: Continue Tort Reform. Resolving concerns on liabilities arising from fuel quality mandates
would entail continued overall tort reform. Specifically, action items could entail coordination
between relevant industry associations, legislators, and judicial parties, with an aim of developing
measures to manage liability issues related to blending of biofuels.

4.5.5 Carbon Management: Anticipating Federal Regulation

Even though the federal government or the Texas legislature have not recognized carbon as a pollutant,
Congress is creating uncertainty in the business and investment communities by proposing to mandate
carbon standards. Because Texas is a net producer of energy, these standards would have far-ranging
implications for the Energy and Petrochemical Clusters in Texas.
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Texas has the nation’s largest Energy and Petrochemical Clusters, both of which are currently carbon-
intensive industries, making the impending issue of carbon management a serious concern. Texas has
significant experience in carbon sequestration, is leading the nation in wind power, and has considerable
resources invested in biofuels, solar energy, and other renewable forms of energy. Although federal
legislation on carbon management has not been enacted, the Lieberman-Warner bill currently in the
Senate has passed out of committee.

Challenge 5: Anticipate and Shape the Environment to Come. Unless Texas participates in the federal
discussion, despite the state’s lack of recognition of carbon as a pollutant, federal policymakers may
fail to account for states like Texas that are net producers of energy. The lack of a level domestic and
global playing field to allocate carbon costs and emissions limits fairly could create competitive
disadvantages to the state’s Energy and Petrochemical Clusters and to the state’s citizens, from
potential refinery and power plant closure to shut-in of marginal natural gas and oil production. These
results may lead to loss of jobs, revenue, and future investment in Texas.

The Energy and Petrochemical Cluster stakeholder consultations yielded the general view that the best
way for Texas to tackle the issue of carbon management is not to develop its own statewide policy, but
rather to pursue involvement in shaping the federal debate surrounding potential legislation.

Action 5: Bring a Texas Perspective to Federal Policy. Texas needs to participate in the carbon discussion
and educate Washington on the value of Texas to the nation.

Action 6: Inform Texas Citizens About Impacts of Carbon Regulation. Texas needs to develop a consumer
campaign to inform Texans about the costs and benefits of carbon regulation. The Governor should
propose the formation of a public-private partnership among industrial and large commercial energy
customers, petroleum and power generation companies, chambers of commerce, and energy
agencies for this purpose. The partnership should study the costs and benefits of carbon regulation to
Texans.

4.5.6 Summary of Governance Directions

Texas has a market friendly environment that helps the Energy and Petrochemical Clusters thrive. The
mechanisms in place that currently work well should be left intact, but some improvements can always
be made.
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SECTION FIVE: ACHIEVING COMPETITIVENESS STRATEGY: OBJECTIVES AND PRIORITIES

5.1 STRATEGIC OBJECTIVES

Significant competitive advantages have enabled the Texas Energy and Petrochemical Clusters to grow to a
dominant position in the U.S. and global economies. Sustaining the competitiveness of these clusters is
crucial to the economic vitality of the state. Anticipating the industries’ needs and removing obstacles to
growth will allow the industries to flourish. Despite the many previously discussed assets Texas holds, these
critical industry clusters face important competitive challenges that the state may help overcome including:

% \WORKFORCE—TEXAS NEEDS TO BUILD A NEXT-GENERATION \WORKFORCE. Energy and petrochemical
companies are experiencing increased demand for skilled professionals such as civil, chemical,
electrical, and nuclear engineers. A dwindling workforce and the disappearance of necessary skills
highlight the need to improve the next-generation skills pipeline at each stage.

# RESOURCES—TEXAS NEEDS TO LEVERAGE ITS NATURAL ASSETS. Rising demand for traditional feedstock
and the emergence of new renewable resources are leading both clusters to develop existing and
emerging resources. Energy companies are expanding the energy mix and petrochemical
companies are seeking ways to reduce dependency on conventional feedstocks by finding new
sources such as syngas and biofuels. Texas has a wealth of natural resources that it can leverage
to maintain competitiveness.

% INFRASTRUCTURE—TEXAS NEEDS TO PLAN, EXPAND, AND INTEGRATE ADVANCED |NFRASTRUCTURE. GROWTH
and capacity limits are placing pressure on the Texas transportation infrastructure, including
pipelines, railways, ports, roads, and transmission lines. Texas’s free market approach to the
development of infrastructure is a major advantage in power generation, pipelines, and many
other forms of infrastructure; however, the state could maximize coordination of infrastructure
development to meet a broad range of industry needs.

F INNOVATION—TEXAS NEEDS TO ACCELERATE THE DEVELOPMENT OF SOLUTIONS. Competitive markets are
driving innovation in new energy generation, storage, transmission, distribution, and efficiency.
Challenges for both clusters include the need for new feedstocks and the impact of potential
carbon management legislation. The discovery of solutions may be accelerated if the state assists
strategic R&D initiatives and encourages commercialization in cluster-related areas.

% GOVERNANCE—TEXAS NEEDS TO ENSURE EFFECTIVE PERMITTING AND HELP SHAPE PRO-MARKET POLICIES.
Growth in energy and petrochemical facilities is leading to the need for continuous improvement
of permit systems and administrative processing capacity. In addition, Texas needs to ensure fair
tax burdens and minimize legal liability on these clusters. Finally, Texas should engage in the
federal carbon management debate.

Energy is crucial to the overall competitive performance of the entire Texas economy. This cluster’s
performance and adaptability to changes in resources and external policies will impact every other
industry in the state. Improving the competitiveness of the Energy Cluster makes the whole Texas
economy stronger.
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The Petrochemical Cluster is distinctive and just as critical to the success of the Texas economy. Texas
has the nation’s largest conglomeration of petrochemical businesses, from extraction to refining and
petrochemical production. The Petrochemical Cluster is important to Texas for the scale of employment
and its revenue generation as an exporting industry. While Texas energy generators serve primarily the
Texas marketplace, petrochemical producers serve Texas, the United States, and global markets.

Both of these clusters provide employment to countless Texans and create wealth for investors,
shareholders, connected industries, and the Texas economy. These clusters also create economic
multipliers that ripple through the economy (see Figure 98). Both the Energy and Petrochemical Clusters
constitute significant indirect economic activity. Their base of manufacturing-rich segments tend to have
a large impact on the surrounding economy because of their dependence on local suppliers and

sourcing.
FIGURE 98: CLUSTER EMPLOYMENT, REVENUE, AND ECONOMIC MULTIPLIERS
Cluster Total Employment Percent of State Total Revenue®’ Economic Multiplier*®
Energy 140,658 1 $7,040,194,745 2.06
Petrochemicals 462,677 5 $47,247,910,932 2.43

Source: U.S. Dept. of Labor, QCEW Statistics, 2000-2006, Dept. of Commerce, Bureau of Economic Analysis I-O Table, D&B NETS Dataset, 1998—-2006

5.2 STRATEGIC PRIORITIES

In many areas, the Energy and Petrochemical Clusters have overlapping challenges; however, strategic
priorities and potential actions are listed separately for each cluster.
5.2.1 Energy Cluster: Powering the Texas Energy Revolution

The Texas Energy Cluster is rapidly growing to meet state demand under continually changing market
conditions. The five strategic objectives discussed in Section 5.1 are paired with the following potential
solutions:

Challenge: Building the Next Generation Workforce. How can we strengthen each level of the system
that prepares, advances, and renews skills for the rapidly changing needs of this cluster?

Solution: Build a Skills Pipeline Partnership. Texas should strengthen each level of the pipeline serving
this cluster: (1) Preparation: Prepare students to choose industry-related careers by expanding
early career-connection strategies and enhancing curricula; (2) Advancement: Advance STEM
learning in higher education by streamlining curriculum with enhanced KSAs and enabling more
flexible delivery of workforce training; (3) Renewal: Expand recruitment and retraining programs,
create a workforce supply-demand database to better match resources; and establish a Texas
Center for Workforce Innovation and Competitiveness to promote and support skills pipeline
initiatives across Texas.

47 Revenue data are derived from D&B NETS sample data for the Petrochemical and Energy Clusters.
48 The multiplier analysis assessed the average industry multiplier for the core (primary and supplier) value-chain segments of each cluster. The industry
multipliers data used in this analysis are based on the national I-O industry table and, thus, offer a conservative estimate for Texas.

—_
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N
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Challenge: Harnessing Texas Resources. How can we line up new resources for producing electricity,
given rising natural gas prices and anticipated federal carbon regulation?

Solution: Support and Enhance Competitive Wholesale and Retail Electric. These challenges have been
met, and will continue to be met, in the most efficient manner through the provision of clear
market signals that let a strong Texas market demand, attract, new investments in energy.

Challenge: Meeting Future Transmission Infrastructure. How can we meet future transmission needs to
transmit wind power from West Texas to major users across the state and for future distributed
generation?

Solution: Support the CREZ Process. This challenge is being addressed by ERCOT through the
development of major new transmission facilities to access wind resources in West Texas. The
PUC must complete its part of the CREZ proceeding to get these new transmission lines built
quickly.

Challenge: Focusing Innovation. How to scale-up innovation to meet the challenges of a competitive
energy marketplace, such as storage needs for intermittent energy sources such as wind, smart
networks for advanced load management, and smart home metering to enable real time demand
side management?

Solution. Build the Innovation Pipeline.

Solution. Create private and publicly funded innovation prizes for clean coal technology that uses Texas
lignite as the primary fuel and captures carbon dioxide.

Challenge: Consistency and Efficiency of Governance. Texas will continue to have a rapidly growing and
highly diverse Energy Cluster. Considering the need for energy and the range of generation
expected, how can Texas optimize the development environment?

Solution: Continuous Improvement of Permit Systems and Coordination. Texas already has an efficient
permit system; however, the strategic need is to ensure that the capacity to coordinate and
manage permit approvals remains high, that coordination mechanisms for energy projects and
decisionmaking are in place, and that staffing and resources to manage processes are available.

5.2.2 Fueling Texas’s Petrochemicals Engine

Texas is the world’s leading economic center of upstream and downstream petrochemicals, yet it faces
pressures from competing regions with resource advantages and rapidly growing market demand. To
sustain its competitive advantage, this cluster will need to address five challenges:

Challenge: Rapid Scale-Up of Workforce. How can the Petrochemical Cluster’'s Upstream and
Downstream segments meet next-generation workforce needs for construction and operations at
a time when many employees are reaching retirement age and youth are choosing other
occupations?

Solution: Build a Skills Pipeline Partnership. As with the Energy Cluster, and because their needs are, in
part, cross-cutting realities, the Petrochemical Cluster challenges challenge can be addressed by
scaling up Texas policies and programs to strengthen: (1) Preparation: introduce students to new
careers in petrochemicals, ready students for college and work with supporting education
resources and information to navigate career choices; (2) Advancement: Build STEM learning
through streamlined curriculum with enhanced KSAs, and have a flexible training system of
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community and technical colleges; (3) Renewal: Continue the Skills Development Fund, reach out
to older workers and retirees, and establish a workforce supply-demand database. Finally, initiate
a Texas Center for Workforce Innovation and Competitiveness to promote and support skills
pipeline initiatives for this cluster in regions where growth is taking place.

Challenge: Leveraging Natural Resources. How can we optimize upstream and downstream
Petrochemical Cluster R&D for using new resources (e.g., shale or deep water reserves); at the
same time, address the rising costs of feedstocks used for production?

Solution: Focus on Texas Assets with Strategic Returns. The Upstream industry has the capacity to
search and develop new resources, and Downstream producers possibly can increase
productivity, but producers may need state coordination of efforts to grow new feedstock sources
that leverage Texas input advantages.

Challenge: Build an Efficient Infrastructure. How can we ensure that Texas maintains a world-class
infrastructure of ports, pipelines, and railways serving petrochemicals, given growing capacity
limits and congestion in certain locations and dramatic growth of new, complex projects?

Solution: Prepare a Next-Generation Infrastructure Policy. These challenges can be addressed through
cohesive Texas infrastructure planning and investment to ensure ports and waterways are
maintained, that railways are pushed to be more competitive in services and new infrastructure
centers, and that infrastructure corridors and special development zones are considered to
maximize efficiency of infrastructure development (e.g., co-location of production, energy, waste
management, and intermodal logistics services).

Challenge: Target Strategic Innovations. The companies in the Texas Petrochemical Cluster have world-
class research capabilities to focus on their business priorities. As resource feedstock price issues
arise and as the federal government considers regulating carbon, how can new breakthroughs be
developed to retain and enhance Texas’ advantages in petrochemicals?

Solution: Build the Innovation Pipeline. As with the Energy Cluster, these important challenges can be
addressed through enhancing R&D partnerships in strategic theme areas, such as new feedstocks
and fuels, and by encouraging technology breakthroughs through an Innovation Prize.

Challenge: Balancing Governance. Texas offers the best business environment for petrochemicals in the
United States, but the state should make continuous improvements to its tax, regulatory, and
legal environment. Ensure that the Texas Petrochemical Custer shares its perspective in federal
discussions on carbon management.

Solution: Maintain Consistency of Procedures and Serve as an Economic Lobby. The state can address
these challenges by continuing to: (1) enhance coordination of permitting and examine TECQ
processes to eliminate bottlenecks; (2) conduct research on tax impacts;(3) continue tort reform
and address issues related to industry compliance with federal requirements; and (4) bring an
economic-based cluster perspective to the federal carbon management dialogue and educate
Texas citizens on the potential economic impacts of carbon regulations.
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The goal of a competitiveness strategy is to set the stage for building and sustaining a high-performing
economy. This strategy focuses on the core challenges facing the Energy and Petrochemical Clusters and
the recommended actions needed to advance each cluster’s development and adaptation. These two
clusters are strong, adaptable, and will remain important drivers of the Texas economy.

Energy is the younger cluster, rapidly evolving into new fields of generation and transmission. Energy
growth is being pulled along by Texas’ overall economic health, strong demand growth, and dynamic
market environment. This will create a substantial need for new workers to construct and operate a
diversifying array of energy facilities. Texas can and should do more to capture value within the state
across each segment of energy. This will happen if Texas provides the input advantages to enable
market-driven growth. Energy has a bright economic future in Texas.

The Petrochemical Cluster is a mature cluster. It maintains a strong competitive position from its world-
class base in Texas, but it is facing challenges from external markets and increasing environmental
pressures. At the same time, the cluster is growing, with “lean production” and modest job growth, but
with substantial economic multipliers. Although expansion continues, further growth may be tempered
by a restricted ability to pass on input prices and the increasing cost of adapting to externally imposed
regulatory pressures, which are exacerbated if overseas competitors face constraints.

Improvement of the competitive environment of these two critical clusters is synonymous with
sustaining the performance of the Texas economy. The end goal of this competitiveness strategy is to
reinforce existing strengths and create new advantages for the Texas Energy and Petrochemical Clusters.
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Following is a list of the various stakeholders across Texas that contributed to this initiative through

meetings and interviews.

STAKEHOLDER PARTICIPANTS AND OTHER CONTRIBUTORS

Association of Electric Companies of Texas
AEP Texas
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Apache Corporation

Austin Clean Energy Incubator

Barrett and Smith Law

BayCorp Holdings, LTD

Brichfield Burchette Ritts and Stone, PC
Brown McCarroll, LLP

Center for Strategic and International Studies
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Chevron
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Consumer Powerline-Extend Energy
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Current Group, LLC
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Devon Energy

Direct Energy
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Texas Association of Manufacturers
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Texas Oil and Gas Association

Texas Public Policy Foundation

Texas State Technical College System

Texas Tech University

Refiners
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