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1 – Executive Summary and Recommendations

1.1 – Overview of the Texas Advanced Technologies and Manufacturing Cluster
Assessment Report

Even with global changes dictating swings in economic trends, manufacturing is still one of the
primary driving forces of technology and economic advancement. Despite statistics that paint a
negative picture of job outsourcing, plant closings and job displacement due to the
implementation of technology, manufacturing is essential to the economic vitality of a
community. (Stanford Economic Indicators, 2005) The perception of manufacturing is changing
as plants and companies adopt new methods of production to remain competitive. Assembly
lines with employees detached from their work are being replaced with technologically advanced
plants, where employees have input into processes and career advancement. Manufacturing in
Texas spurs the creation of new companies, new consumer markets and beneficial careers with a
rewarding standard of living. The use of advanced technology enables manufacturers to produce
the next generation of products faster, cheaper and cleaner. (National Coalition for Advanced
Manufacturing)

This assessment report from the Advanced Technologies and Manufacturing Cluster (AT&M) is
one of six, each focusing on a target cluster’s competitive position. This assessment process has
brought together over 250 participants statewide, representing industry, academia, government
and entrepreneurial interests, to provide recommendations aimed at strengthening the cluster and
enhancing the competitiveness of Texas’ businesses.

From visiting the regions, a diverse profile of Texas emerged. The regions had their individual
strengths and commitment to economic growth. For example, Houston was strong in attracting
government funds for research and product commercialization through NASA and the National
Science Foundation (NSF) grants. Dallas/Fort Worth’s strengths include the emerging
technologies, semiconductors and nanotechnology industry segments. East Texas had a
committed university producing top engineers for the medical sciences, food processing and
management careers.

Technology associations were strong in most regions, connecting companies and professionals
together to focus on driving innovation and the spawning of entrepreneurs. Despite the positive
activities from region to region, it was noted that industry, academia and public representatives
were concerned about industry trends that are threatening Texas jobs, high-fixed costs to operate
manufacturing and design shops and the lack of a statewide economic development plan that
focuses on creating competitive clusters. These issues and findings are included in this
assessment report.
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1.2 – Cluster Assessment Recommendations
Over a five-month period, the cluster assessment process sought to solicit input and
recommendations from industry, public and private agencies and academic stakeholders.
From meeting discussions, an electronic survey, interviews and regional forums, four top themes
emerged as imperative components to the growth of the AT&M Cluster:

• Workforce and Education
• Capital and Commercialization
• Business Climate
• Collaboration

These overarching themes create starting blocks for the development of the economic
development strategy that the state of Texas needs to drive innovation and productivity. Key
strategic recommendations from the AT&M Cluster team and assessment process are outlined
below.

1.  Workforce and Education
The AT&M Cluster team recommendations for workforce and education focus on developing
a “just-in-time” workforce, which may be defined as a workforce that meets the current skill
and demand levels of industry. The workforce must be available and prepared to complete
tasks required for employment. In a 2004 survey, the National Association of Manufacturers
stated that one of the top challenges employers face is access to a high-tech skilled workforce
to work in the labs and manufacturing plants of tomorrow. The cluster contributors outlined
the key elements of an effective workforce and education program for the state, which
include:

• Creating a workforce pipeline that meets industry skill needs
• Cross-training the workforce to enhance productivity
• Identifying opportunities within high-growth career paths

Studies and data show that Texas’ dropout rate is increasing and that lower numbers of
students are prepared for post-secondary education. As a state, we must explore alternative
options for students that do not follow an academic path but demonstrate an interest in
programs designed for early entry into the workforce. Creating programs such as workplace
internships, on-the-job training, industry standard certifications and apprenticeships are
options to prepare the up-coming workforce for industry. The contributors to this report
encourage and support additional funding to ensure adequate job training.

• Provide information regarding career options and opportunities to enter apprentice
and internship programs through career counselors, local workforce boards and
industry job fairs.

• Create partnerships between colleges, universities and industry to design flexible
curricula that is responsive to industry demands for a workforce pipeline in high-
growth and transitioning industries. Curricula should incorporate theory and
emphasize application-based skills. Updates must be developed and implemented
rapidly to keep current the skills of the workforce.
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• Secondary education programs need to offer degrees and or certification. Industry
should expect that students who achieve program completion have the required skills
outlined in the curriculum.

• Increase salaries to retain and attract key faculty. The requisite need to attract and
retain top scientists and educators to universities and higher education institutions is
paramount and will require the ability to offer higher than traditional salaries.

2.  Capital and Commercialization
The future competitiveness of an economy relies on the ability to develop new products and
technologies through innovation and commercialization. The AT& M Cluster contributors
explored solutions to bridge the gap between entrepreneurial ideas and the launch of a new
business. The following recommendations focus on centers of innovation, increasing cluster
representation across Texas and the policy environment necessary for success.

• Ensure that the Regional Centers of Innovation and Commercialization (RCICs) serve
as conduits to assist entrepreneurs and new business start-ups in high-growth market
segments. The recently passed Texas Emerging Technology Program legislation will
aid in the development of these regional centers that provide resources and services to
stimulate innovation and development. Technology focus areas may include
nanotechnology, advanced manufacturing (tools, processes, digital manufacturing),
robotics, food processing technologies and advancements for the automotive and
transportation industries (alternative fuel sources, hybrid technology and material
sciences).

• Offer incentives to business through legislation that supports the donation and or
purchase of equipment that can be used in partnership for workforce training, R&D,
product testing, facility improvement and commercialization. Remove barriers so that
equipment can be donated to an academic environment or an incubator. Incentives
could be in the form of tax rebates, property tax abatements or training dollar grants.

• University and college R&D policy must be changed to encourage industry and
academia partnerships to commercialize research into viable products. Professors and
research supervisors must have the opportunity to work with industry to see the
benefit of commercialization. This will require changes in patent regulations,
licensing and research objectives.

3.  Business Climate
On a daily basis, employers face challenges associated with managing operating budgets.
Fixed costs such as energy, transportation and employee benefits as well as healthcare or
workers’ compensation may prevent a company from being able to operate competitively in
Texas. Business representatives participating in the cluster assessment noted that Texas has a
business friendly environment, but could do more to help businesses reduce costs. Through
providing resources and partnership networks, the state can play a role in strategically aiding
companies to reduce their fixed costs of operation.

• Supply Chain Resource Bank – Create a statewide, best-practice supply chain
resource bank that provides business leaders (operation managers, chief executive
officers, logistic and supply chain managers) with the theory and hands-on
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application tools for lean manufacturing and streamlining distribution channels. The
resource bank should be electronic and accessible to all employers.

Global competition has been at the forefront of the cluster assessment discussions.
Education regarding cost-effective supply chain solutions will elevate a company’s
profitability, reducing the risk of Texas losing companies to offshore competition.
Financial models for businesses to leverage working capital through improved
inventory models, transportation consolidation, integration of technology and process
optimizations, should be included.  See example in appendix.

• Workers’ Compensation Reform – Workers’ Compensation is one of the highest,
non-flexible overhead costs for businesses in Texas. Due to the cost, some eligible
employers are opting not to carry Workers’ Compensation, creating a non-
competitive field and unsafe working environment. The state of Texas should reduce
the cost of the system for the employer to lower the number of companies that opt
out. Regulation changes in HB7 relating to claims, length of time off work and access
to quality care need to be enforced before the program will be attractive to companies
viewing Texas as a location option.

Cluster participants applaud the creation of an effective, well-supported physician
network that is affordable and meets the national treatment standards.  However, the
AT&M Cluster team recommends the state raise awareness of the Workers’
Compensation system among smaller firms and create financial assistance programs
for those wishing to provide safety and workplace training to reduce number of
injuries in the workplace. The state should partner with the Texas Manufacturing
Assistance Center (TMAC) and Occupational Safety and Health Association (OSHA)
to achieve these objectives.

• Sales Tax Exemption – Currently the sales tax exemption for manufacturing
equipment excludes R&D machinery and lab equipment. Texas should follow the
example of other high-tech leading states that have legislated exempting R&D
machinery and equipment from sales tax. As advanced technologies are embedded
into the manufacturing process, the state will need to continually address tax
exemptions that encourage growth and expansion.

• Economic Development Strategic Plan – The cluster initiative laid the foundation for
the state of Texas to leverage its knowledge of its economic assets and regional
growth opportunities. Economic development agencies and state representatives must
work together to create a strategic plan that is cohesive and competitive with other
states. The AT&M Cluster team recommends this plan
a) Engage regional industry leaders to promote, recruit and retain companies.
b) Offer incentive plans that encourage current Texas businesses to recruit vendors

and suppliers.
c) Conduct exit interviews with companies that decide to leave or cease business in

Texas and in partnership with regional economic development agencies.
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4.  Collaboration and Strategic Partnerships
As changes in technologies and lean manufacturing processes that advance the production of
goods and services are adopted, collaborative partnerships between industry, academia and
government will have to be established. These collaborations will encourage competitiveness
and the incorporation of leading edge technology into the commercialization process.

• Advanced Manufacturing and Innovation Advisory Council (AMIAC) –The AT&M
Cluster team recommends the creation of this council of representatives from
industry, associations, economic development partnerships and academia to
implement the following:
a) Promote the integration of advanced manufacturing technologies to improve

products and processes.
b) Develop networks of industry partners and associations that assist in the adoption

of technology and lean manufacturing processes. Associations such as the Texas
Manufacturing Assistance Center (TMAC) or National Association of
Manufacturers (NAM) could play a role in aiding companies to make the
transition.

c) Promote procurement and assessment of technologies among participating
companies. This will aid in establishing best practice policies.

d) Address the issues of retaining intellectual property (IP).

• Statewide branding and marketing campaign – Texas has been successful in
branding itself as a business friendly state. This cluster assessment identified
additional assets and potential growth areas across the state that should be
incorporated into the strategic economic development plan.

This plan should incorporate regional and industry strengths. These may include
academic institutions, federal and state funded programs (space, nanotechnology,
transportation), workforce and industry clusters. Marketing efforts should recognize
regional strengths to direct companies considering Texas to the location that best
addresses their needs. Some examples include:

 Austin - Semiconductors and Electronics
- Nanotechnology and Advanced IT
- Entrepreneurship and Commercialization

East Texas - Food Processing and Advanced Manufacturing
 - Medical Devices
 - Distribution Centers

The Rio Grande Valley - Components and Final Assembly
 - Aerospace and Defense
 - Food Processing

Regional economic development agencies need to generate their own message and
branding based on the statewide vision. This strategy will also aid the state in proper
allocation of funds and resources to the regions.
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1.3 – Technology Targets of Opportunity for Texas
One of the strengths Texas has is its ability to innovate and adopt new technological
advancements. The AT&M Cluster team reviewed the data collected during the assessment
process and isolated technologies that could create profitable business opportunities:

• Nanotechnology
• Micro-electromechanical systems (MEMS)
• Advanced digital manufacturing (layered manufacturing process)
• Supply chain distribution and fulfillment
• Robotics
• Sensors
• Hybrid vehicle technologies (alternatives to gasoline driven vehicles)
• Polymers, advanced materials and new plastics
• Advanced tools for manufacturing and design

Advancements in technology will create new markets and jobs in Texas. The Cluster Initiative
findings have shown the connections between the AT&M Cluster and other cluster technologies.
The application of technology to advance the clusters will create stronger collaborations between
industry, academia and government.

1.4 – Cluster Team Working Groups: Part of a Competitive Plan
This assessment reviews the findings of a statewide outreach to industry, government and
academia. Its content reflects the concerns of and proposed actions by representatives from
regions throughout the state. The AT&M Cluster team proposes to act as a liaison between the
regions and state leadership to continually identify priorities of action for the growth of the
cluster. The team plans to create sub-groups that will focus on

• Recommendations to the Legislature based on the assessed needs among the regions
• Models for building a responsive and highly skilled workforce pipeline and strategies for

job creation
• Support for associations and resource providers that promote and guide the integration of

technology and lean manufacturing processes
• Elevate the status of Texas’ higher education institutions

Outreach through the Cluster Initiative captured the names and interest of leading experts across
the state. The AT&M Cluster team proposes to establish and promote access to services and
resources that will aid new and established companies to do business in Texas. The team should
continue to address policy, workforce, business climate, education and outreach program issues,
acting as a communication channel to state decision-makers.
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2 – Summary of Assessment Findings
One of Texas’ primary strengths may be its regional diversity. Identifying the assets of a region
in terms of technology, workforce and physical and virtual infrastructure, forms the basis for a
more comprehensive economic development plan that will serve to network Texas’ regions for
more efficient statewide implementation and economic growth. Participants in the regional
forums contributed the majority of this information. The location of these forums was selected
based on the greatest concentration of employment for this cluster. This summary first introduces
Texas’ strengths and assets then highlights assets by region that are imperative to the growth of
the AT&M Cluster.

Texas – Statewide Strengths and Assets
• Strong technology associations promote and foster networks that generate

entrepreneurship and company alliances.

• Presence of original equipment manufacturers (OEMs) and mid- to small-tier companies
form the core of AT&M Cluster activity. Related activities include research, design,
manufacturing, product testing, sales and operations. These companies create jobs and the
innovation behind technologies that result in the origination of new customer markets.

• Transportation (air, sea, highway) and trade hubs – Houston, Central Texas, The Rio
Grande Valley, El Paso, Dallas/Fort Worth and East Texas all have infrastructure that is
imperative to the supply chain. Investment also includes broadband telecommunications.

• Demonstrated ability to attract federal dollars for research and spawn of new companies,
including funding from Department of Defense (DoD), National Science Foundation
(NSF), National Institute for Science and Technology (NIST), Department of Labor
(DOL) and Department of Health Sciences. Government contracts and grants provide
dollars for jobs, manufacturing, R&D and facilities.

• Post-secondary academic institutions with established communication channels to
industry for the development of curricula and training programs to upgrade workforce
skills.

The table on the next page outlines the strengths identified in each region. Included in the chart
are cluster attributes and infrastructure that must be maintained in order to advance the industry
cluster. The six regions described in this chart reflect the six regional forums that were held
across the state over a six-week timeframe. There are other assets that comprise this cluster that
will be highlighted in other sections of the report and or the appendices.
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Table 1.1  Regional Cluster Attributes and Representation1

Region Industry Cluster Attributes Infrastructures and Resources
Houston NASA. Government agencies.

Nanotechnology, micro-electromechanical
systems (MEMS), medical devices, IT and
sciences.
Strong energy and telecommunication
networks. Manufacturing in food, plastics and
raw materials. Stewart & Stevenson, organic
metals and carbon nanotubes.

Transportation hub – air, sea, highway.
UTH, UTMD, Rice Alliance, Community
College System. Houston Technology
Center. Strong Economic Development.
Partnerships. TMAC

Austin and Central
Texas

Semiconductors, IT - Hardware, software,
applications. MEMS, nanotechnology.
Freescale Semiconductor, AMD, Applied
Materials, Samsung, SEMATECH,
Photronics, Cerium Labs, Nano Vance.

UTA, Austin Community College District
(ACCD), Venture Capital presence and
incubators, IC2. R&D investment.
Austin Technology Council
NAFTA corridor. Baylor University and
TSTC in Waco.

The Valley and
Weslaco

Maquiladora – access to workforce at lower
wages. 2nd and 3rd generation of
manufacturing workforce. OEMs. R&D.
Manufacturing – electronics, raw materials,
food processing, final assembly, agriculture.
Trico Products, Cameron Works, Jabil Circuit,
Brunswick Company.

UTPA, TSTC, UTB, TMAC, Advanced
Manufacturing Council. Availability of
funds for the creation of new companies.
Co-op logistic partnerships.
NAFTA/CAFTA corridor.

El Paso Maquiladora – manufacturing in Mexico,
access to workforce. Automotive, consumer
products (commercial), raw materials,
electronics. Chemical, petroleum, final
assembly. Defense and security. Delphi, GE
Medical, Phelps Dodge.

UTEP. DoD government agencies.
Mexico/Texas broadband network
investment. Economic Development
Partnership. EPCC.

East Texas – Tyler Food processing. Medical sciences and
services. Manufacturing of new materials,
plastics, raw materials. Distribution and call
centers. Trane, Tyler Pipe, Target, Pizza Hut,
Pilgrim’s, Alcoa.

UT of Tyler. UT Medical center in Tyler.
Real estate, highway system, distribution
center strength. BMC Athens. Family
owned businesses loyal to region.

Dallas/Fort Worth Texas Logistic Capability Council. Strong
presence of OEMs and technology
associations. Nanotechnology, medical
sciences, robotics, material sciences, wireless.
GPS/GIS. Sensors, tracking devices and
stealth technology. Zyvex, GM, Texas
Instruments, Raytheon – Elcan Optics,
Williams Pro, Triquint, National
Semiconductor.

Metroplex Technology Business Council
(MTBC), Dallas – Technology Business
Council (TBC). Venture capital ,
STARTech, Fort Worth Technology
Center. NTEC. UTD, UTA, TCU, UNT,
SMU. Dallas and Tarrant County
Community College.
TMAC, SIA.

A full review of the SWOT (Strengths, Weaknesses, Opportunities and Threats) analysis is
included in this document for review (See section 7).
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3 – Cluster Definition
For the purpose of this assessment report, Advanced Technologies and Manufacturing may be
defined as the integration and utilization of technologies in a system of production to improve
processes and techniques to produce goods and services faster, cheaper and cleaner. AT&M
demonstrates how imbedding technology into the manufacturing process improves workflow in
the production process and streamlines fulfillment and distribution channels to increase global
competitiveness.

At the beginning of the assessment process, a snapshot of industries and stakeholders in the
cluster was proposed. The core industry representatives and stakeholders included:

• Automotive and Related Transportation
• Computer Hardware and Components
• Software Development & Packaging
• Electronics for Commercial Purposes
• Polymers, Advanced Materials & New Plastics
• Robotics
• R&D Firms and Universities
• Related Service Firms
• Logistics and Transportation

During the course of the AT&M Cluster team’s work and assessment, a deeper more
dimensional picture of the cluster emerged. Through the analysis of data and input from the
regions, many more industries and stakeholders were added to complete this representative
picture. This model looks at market segments that comprise the cluster, included primary
manufacturers, automotive, food processing, electronics, building materials, robotics,
Information Technologies such as computers, sensors and hardware, semiconductors and
nanotechnology. It also includes service companies that directly support the core industries
including logistics and distribution, power generation and service firms that support cluster
activities. Those include research labs, academic institutions, workforce providers and capital
investors. All parties must be contributing to the overall output of the cluster in order for the
cluster to thrive. The outcome of the assessment is depicted in Figure 3.1.
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Figure 3.1
Stakeholders and Industry Representatives for the Advanced Technologies and
Manufacturing Cluster Team2

The AT&M Cluster entities around the state of Texas have been plotted on the map depicted
below. The map shows centers of activity, high numbers of employees in manufacturing and
support industries, R&D and related industries such as distribution centers. The data applied to
map the activity in this cluster across Texas was generated using the North American Industry
Classification System (NAICS) codes for pure manufacturing and the associated industries. They
include those industries which represent a core function, product and or technology within the
cluster. Service and support industries not found in the selected NAICS were not plotted on this
map.

Robotics,
RFID and

Sensors

Computer
Hardware and
Components

   Advanced
 Technologies  &
  Manufacturing

Polymers,
Advanced

Materials and
New Plastics

Nanotechnology

Raw &
Building
Materials

Medical
Devices

Food Processing

Logistics and
Distribution

Software and
Process

Improvement

Power
Generation

Semiconductors

Automotive

R&D Firms &
Academic

Institutions

Consumer
Goods

Service
Firms –

Financial
Legal

 Microtechnology

Electronics



13

Figure 3.2  Advanced Technologies and Manufacturing Regional Cluster Concentration3

High-centers of activity include Dallas/Fort Worth, Houston and Bay Area, Austin, San Antonio.
This is to be expected as the metropolitan areas had strong access to workforce, logistic and
supply chain channels, the presence of OEMs and supporting associations for technology growth.
These four metropolitan areas had high concentration of high-tech manufacturers and R&D
presence in semiconductors, nanotechnology, electronic and medical devices, transportation and
component manufacturers, as well as defense contractor manufacturing. Other areas of activity
include South Texas, The Rio Grande Valley, Brownsville area, Midland, Corpus Christi, East
Texas and El Paso. Industries such as energy, refining, food processing, automotive, component
and final assembly for the electronic, consumer goods and medical device market segments can
be found in these five regions across Texas.
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4 – The Competitive Landscape

In the 2005 AeA, Cyberstates Report, Texas was ranked second behind California for high-tech
employment. Texas was also recognized for its number of manufacturing and skilled technician
jobs. For example, in the semiconductor manufacturing market segment, Texas has more than
36,900 employees. (Cyberstates 2005 Report, AeA). However, 2004 was the fourth year of
declining employment in the high-tech manufacturing industry. As part of a global economy,
cluster participants identified global industry trends that threaten the manufacturing and
engineering job stability in Texas.

• The U.S. is experiencing permanent job losses due to overseas competition.
• Small, newly established companies are unable to compete with global leaders that have

adopted advanced manufacturing technologies to produce goods quicker, faster and
cheaper.

• Inexpensive, low-wage laborers decrease the cost of doing business. Companies in Texas
have overhead fixed costs (workers’ compensation, healthcare and benefits) and wage
expectations that create a barrier when competing against foreign workforce wages.

• Companies that do not adopt smart supply chain strategies, which encompass finance,
distribution and inventory models, are unable to compete globally.

Once the threats to jobs and company retention were identified, participants attempted to propose
solutions to increase global competitiveness. Solutions included identifying converging
technologies among the other target industry clusters as well as advanced manufacturing
processes and technologies that increase efficiencies in the production of goods.

Solutions additionally focused on technologies and the elevation of the definition of “Advanced
Technologies and Manufacturing.” The specific technologies and their utilization in a system of
production and distribution of goods and services are outlined here to show the connections that
demonstrate converging technologies. The converging technologies assessed for the
advancement of the AT&M Cluster are

• Nanotechnology 
• Advanced materials
• Micro-electromechanical systems 
• Semiconductors
• Robotics
• Wireless (GPS, GIS, smart networks)
• Power generation

These technologies are imbedded within some of the technologies and processes outlined below.
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Figure 4.1  Cluster Converging Technologies4

Electronics

Automotive

Aerospace

Power Generation

Consumer Goods

Food Processing

Medical Devices

Building Materials

Advanced Technologies
and Manufacturing

Core Technologies:

• Nanotechnology and Materials
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Producers are taking steps to transition from traditional manufacturing to production that
integrates technology and less-labor intensive environments. Advanced manufacturing
technologies, such as nanomanufacturing, are predicted to have an impact of more than $91
billion on the industry, allowing producers to generate products faster, cheaper and cleaner.
Market trends continue to push prices down, forcing manufacturers to increase efficiency and
find new ways to add value in order to maintain profitability. Investments in technology, a
commitment to research and innovation, cross-training the workforce and streamlining the
supply chain are among the strategies being employed to reduce costs associated with production
and distribution.

Cluster team members were asked to forecast future industry trends, focusing on those factors
that will shape the AT&M Cluster. The table summarizes the findings.

Table 4.2  Changing and Future Industry Trends5

Future Trends
Industry – Business • Streamlined, high-tech, high production manufacturing plants are smaller with

fewer employees
• Adoption of new supply chain distribution strategies that reduce fixed costs.
• Introduction of new technologies and advanced applications makes it difficult for

industry to keep up. Movement away from traditional manufacturing to more
skilled workforce and sophisticated plants

• Standardization and system interoperability must link systems together across
platforms and geographic locations

• Global standards and creation of new customer markets
Technology • Integration of technologies that lead to cheaper, faster and cleaner processes

within the production cycle; for example, mobile and wireless technologies that
are transforming supply chain and manufacturing processes

• Process technologies that increase fulfillment and supply chain efficiencies
• RFID, nanotechnology, wireless, advanced materials, sensors, chips, robotics, IT
• Intelligent Controls and Systems
• Advanced Energy Efficiency Technologies
• Securing intellectual property via technology and education
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Future Trends
Workforce &
Education

• Workforce will have a mix of education, industry certifications and continual on-
the-job training

• Workforce will be required to have a standard level of technology skills – IT,
robotics and others

• Students will be required to increase science & math training at the K-12 level.
Students will need to focus on application learning

• Aging/retiring workforce will need to be recruited to transfer knowledge with
up-coming workforce. Education system will need to integrate this resource into
workforce pipeline

• Increasing emphasis on soft skills
• Education system must respond to need for just-in-time workforce model.
• Higher level of collaboration with government and industry
• Creating, funding and sustaining successful public/private collaborations and

partnerships drive regional growth
• Downsizing due to outsourcing and off shoring has short and long term regional

implications. Downsizing due to the introduction of technology has longer-term
implications

• Will see an increased need in technicians, maintenance and standard skillsets
Starting & Growing
Companies

• Ability to leverage cross-cluster collaboration will be critical
• Federal and private R&D must be increased and leveraged
• Commercialization and collaboration using existing IP key to growth and

spawning of new companies
• Resources within incubators and large OEMs must be made available to start-up

companies. This will aid with financial constraints and lower company failure
rates

Globalization • Accept as a trend. Retain service industry excellence, final assembly and
innovation in Texas

• Partner and collaborate with India and Asia, as they continue to advance in
setting standards and investment in advanced manufacturing technology markets
such as distributed control systems and programmable logic controllers

• Companies must develop strategic plans that include global market expansion,
however, ensure IP is retained in Texas

• Fulfillment and distribution solutions that increase productivity and reduce cost

These observations and recommendations will aid in shaping what the AT&M Cluster profile
will be in the near future. It should be noted that the findings outlined above also highlight which
industry trends could prevent the growth and expansion of manufacturing in Texas. Through
education and training courses around supply chain and business variable costs, IP and
workforce reform, Texas could drive ahead of other states in preventing the loss of economic
prosperity in the manufacturing and R&D segments. Again, collaborating with alliances will also
ensure the proper allocation of resources and the creation of new technologies that build
competitive companies.
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5 – Assessment Methodology and Approach

In order to engage a broad set of stakeholders and to capture their ideas for building an AT&M
Cluster strategy, statewide activities were launched to include:

• An electronic survey to capture state and regional opinions around technology,
entrepreneurship and cluster strategies

• Interviews with 40 key stakeholders (government, academia, industry)
• Four regional forums (Austin, Weslaco – The Rio Grande Valley, Houston,

Dallas/Fort Worth and Tyler - East Texas)
• Ongoing legislative and policy discussions with the cluster team

The intent of this qualitative approach was to gain valuable insight, commentary and guidance
from over 250 industry leaders, public agency representatives, academia, vendors and suppliers.
The ultimate goal to determine best practices and allocation of resources to foster the growth of
the cluster.

Complementing the qualitative and participant information was an extensive process of
quantitative data collection from several third party and original sources. These sources included:

• RAND Corporation’s RaDiUS (Research and Development in the U.S.) database on
federal funding

• Schoenfield & Associates database on private sector R&D
• CHI Research patent database
• Texas Workforce Commission (TWC) employment data
• Input from the AT&M Cluster team

These sources provided the information on assets and activities building the knowledge base for
this cluster. Through this approach, a series of recommendations were created for the cluster
assessment.

6 – Qualitative and Quantitative Data

6.1 – Qualitative Data – Survey of the State and Regional Mindset
Online surveys were taken by AT&M Cluster stakeholders. The survey results paralleled the
cluster participant input from the regional forums and one-on-one executive interviews. A survey
summary focuses on responses that fall within the common themes surrounding workforce,
education, technology and commercialization and business climate issues.

The majority of responses focused on improving the business climate and reducing the fixed
costs of operation for Texas businesses. Those whom contributed opinions and expertise
emphasized the importance of collaboration with academia, government and other competitive
industries.

• Reduce the regulatory burden by eliminating over-lapping and duplicative regulations.
Streamline standards and eliminate labor-intensive administration due to disconnected
legislative policies.

• Extend tax incentives to businesses hiring and training unskilled workers
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• Leverage existing resources and advancements in nanotechnology, medical sciences,
semiconductors, alternative fuel and power sources, to advance the AT&M Cluster.
Explore areas of converging technologies

• Leverage proximity to Mexico and other border areas
• Develop entrepreneurial culture. Provide links to best practice resources through

incubators and access to funds
• State needs to support the channeling of research into commercialized products. Areas of

focus may include semiconductors, nanotechnology, IT, robotics and medical sciences

1.  Workforce and Education Issues
From the survey responses, it was evident that the participants were concerned about the lack
of a skilled workforce pipeline from which to draw future employees. The gap must be
decreased between industry needs and the skills graduates have mastered upon entering the
workforce. The following recommendations addressed this issue.

• The state and its agencies need to encourage and support the re-establishment and
funding for vocational programs within the K-12 grades.

• Currently, thirty percent (30%) of students that graduate from high school in Texas go to
college. While efforts to increase that percentage should continue, those students ready
for the demands of the workplace should be encouraged to apply for apprenticeships,
internships and or certificate training that support the industry need for skilled
electricians, insulators, mechanics and welders.

• Higher emphasis on application-based learning
• Industry must interface with academia for curriculum development.

2.  Big Ideas / Best Technology Bets
The focus on what technologies will provide business opportunities stems from the premise
that clusters thrive in areas of technological innovation. Within the AT&M Cluster several
advanced technology opportunities were identified including

• Medical devices, pharmaceutical manufacturing and the convergence of technology
within the life science cluster

• Digital manufacturing – processes and layering technologies
• Nanotechnology – materials, structures, carbon nanotubes, nano-electronics
• Microsystems – integrated circuit technologies, biotechnology.
• Technology for the automotive industry, including production within that industry –

hybrid technologies, alternative fuels, multimedia, robotics, tracking and sensors

Survey respondents also outlined the importance of streamlining advanced manufacturing
processes, through supply chain applications and integrating technology into the production
process.

3.  Commercialization and Innovation
In the survey, innovation was described as the creativity process sparking new products and
services leading to accelerated growth in revenue, sales and or recognition. The respondents
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were asked questions around research, commercialization of ideas and their level of satisfaction
with business services supporting innovation within a cluster.

• 90% of respondents indicated that it is very important to attract and retain entrepreneurial
managers, talented scientists and engineers

• 50% of respondents felt that the cluster would progress further through investing in
entrepreneurial talent

• 95% of respondents felt that product innovation is very important to the cluster

• 66% felt that progress is being made in terms of companies having access to capital and
access to new markets

• In the area of public investment to further the success of technology/science clusters in
Texas, respondents felt that university research, access to workforce training for skilled
employees, business recruitment, retention of commercialization infrastructure and tax
incentives were important to the growth of the cluster.

• For the process of innovation, employees were ranked highest as contributors to the
development of ideas and products. Customers, buyers, competitors, suppliers,
universities and research organizations were ranked in order after employees.

• When asked about their level of satisfaction with regional business support services as
they relate to AT&M Cluster industries, respondents ranked accounting, legal, banking
and trade and professional associations highest, with ratings of forty to fifty percent (40-
50%) responding “satisfied to very satisfied.” University technology transfer and
economic development services had the lowest satisfaction ratings with thirty to thirty-
five percent (30% and 35%).

4. Business Climate Issues
Respondents also had an opportunity to answer several narrative questions. The following list
reflects feelings on positive reasons for relocating to or expanding business in Texas:
• Quality of life
• Climate
• Lower cost of living and doing business
• Tax structure and lack of government regulations
• Can do/entrepreneurial spirit
• Central location in the U.S. – prime for international business
• Uniqueness of Texas cities and regions
• Texas University System

This list should prompt legislators to focus on areas that require resources to maintain
standards of excellence and ensure policy does not increase the cost of doing business.

6.2 – Qualitative Data – Stakeholder Interview and Regional Forum Perspectives
Information gathered from interviews and regional forums fell into five major categories – the
T&M Cluster, workforce, education, business climate and commercialization and
entrepreneurship. Common themes from these are presented below.
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Table 6.1 Summary of Regional Common Themes from Interviews and Forums6

Advanced Technologies &Manufacturing Cluster
Common Themes
• A unifying perspective would define the cluster as specific technologies and their utilization in a system of

production and distribution of goods and services. A system rather than a function or series of functions.
• There are insufficient structures and government financial assistance for dedicated research into cluster activities.
• Texas has vast expertise in logistics and supply chain. Texas should be branded as a hub of excellence.
• Important to link and explore opportunities in converging technology arenas with the other five clusters.
• Outsourcing and off shoring are threats to the growth and health of the cluster.
• Proximity to Mexico and other state borders has both advantages and challenges – increased competition, worker

mobility and economic development issues.
• Develop logistic strategies which emphasize

o Ship goods in a condensed form to 2-3 U.S. locations, then add value and move them to their final
locations.

o Source components and design from numerous sources. Perform final assembly in Texas.
•   Microtechnology – nearer-term potential than nanotechnology – sensors, integrated circuits, pervasive computing.

Workforce
Common Themes
• Industry must be involved with education for the building of a strong workforce pipeline.
• There is both job growth and job contraction in the cluster. Understanding these trends is vital to all stakeholders.
• Texas’ Skills Development Fund is an effective means of specialized worker training.
• Texas must recognize the changing and diverse workforce demographics. Incorporate this in workforce planning.
• Texas requires a “just-in-time” workforce model.
• The lack of understanding and knowledge about career opportunities at the K-12 level is creating a negative impact

on the potential labor pool size for this cluster.
• Training the workforce should be seen as a statewide priority. Requires a statewide strategy and funding.
• New, emerging manufacturing technologies in the cluster demand more highly skilled workers.
• Broaden training of engineers – provide them with cross-industry skills to help them adapt to technology shifts.

Education
Common Themes
• Solutions for building a workforce pipeline should include curriculum development, cross-training, industry

certification programs, language training reflective of demographics (bilingual), math and science focus.
• Educational attainment in Texas can be improved. Increase number of students eligible for post-secondary degrees.
• Remove programs that do not result in degree or industry recognized certification.
• University/industry collaboration to optimize research; discussion on the benefits of applied verses basic research.
• The state needs a tier-one university.
• Curriculum development has a long lead time – need faster turnaround and need industry involvement.
• Use financial incentives to attract top research and engineering talent to universities
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Business Climate
Common Themes
• Texas economic development strategy is focused on attracting and retaining large companies rather than starting and

growing Texas companies. There needs to be an established entrepreneurial focus and start-up support network.
• Evaluate new means of funding worker training such as state matching funds.
• An incubator system could help optimize R&D and advance commercialization programs.
• Texas should invest in broadband, wireless, VoIP (Voice over Internet Protocol).
• Fixed costs for manufacturers in Texas impact their ability to compete – address tort reform, workers’

compensation, site investment, equipment taxes and healthcare benefits.
• Tax rebates and franchise tax reform would benefit manufacturers and attract new businesses.
• Statewide economic development plan should benefit and incorporate regional interests.
• Resources for companies seeking supply chain advancement, such as financial models and partnering with

associations such as TMAC for best-practice solutions for lean manufacturing and streamlining distribution.
• Encourage union flexibility to permit cross-trained workers to fill multiple roles.

Commercialization and Entrepreneurship
Common Themes
• SBIR funding is relatively concentrated and could present opportunity for commercialization efforts.
• System and processes for commercialization of research out of university labs needs to be reformed.
• Insufficient access to capital for start-ups.
• Promote retention of intellectual property within companies and U.S.
• Strengthen Texas’ venture capital (VC) and entrepreneurial communities to attract VC dollars. Companies created

should be encouraged to stay in Texas. Keep investment in Texas.
• Identify and leverage synergies between advanced manufacturing cluster strengths:

o Pharmaceutical, medicine and integrated circuit technology: sensors, medical devices and digital
manufacturing.

o Biotechnology and agriculture: value-added crops and livestock, food quality and safety control.
• Leverage proximity to waste streams and support initiatives to recycle / refurbish end-of-life products.
• Leverage proximity to both Mexico and U.S. markets as to form a ‘bridge’ between Mexico’s labor force and U.S.

markets.
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6.3 – Quantitative Data – Unclassified R&D Funding to Texas by Technology
Sector

Over a ten-year period between 1993 – 2003, Texas received a total of $41.6 billion in federal
funding. This dollar amount is the result of agencies at a federal level granting funds for the
advancement of technology, the education system, social services and the creation of programs
to advance manufacturing processes. Agencies may include the Departments of Labor (DOL),
Justice (DOJ), Defense (DoD) and National Science Foundation (NSF) to name a few.

Emerging technologies in the AT&M Cluster such as sensors and MEMS and integration of IT
systems present new opportunities for federal funding. Over $600 million in unclassified federal
R&D funding for advanced manufacturing has been received by Texas from 1993-2003. Most
funding went to Dallas and Brazos counties and came from DoD. This funding peaked in 1994
and has leveled off in the most recent years to just under $20 million each from both DoD and
NSF. Advanced materials funding to Texas during this period totaled $152 million; 85% from
NSF.

Table 6.2 - Unclassified R&D Funding to Texas by County7

COUNTY TOTAL R&D FUNDING
Dallas $18.20 Billion
Harris $15.33 Billion
Travis $206 Billion
Bexar $1.55 Billion
Brazos $868.71 Million
Collin $724.60 Million
Denton $569.26 Million
Tarrant $527.95 Million
McLennan $292.80 Million
Hunt $172.87 Million
El Paso $115.53 Million
Montgomery $30.71 Million
Potter $9.06 Million
Brazoria $4.21 Million
Fort Bend $2.89 Million
Williamson $2.66 Million
Randall $0.73 Million
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Table 6.3  Unclassified R&D Funding to Texas by Technology Sector8

1993-2003 Unclassified R&D Funding to Texas
by Technology Sector (Total $41.46 Billion)
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6.3 – Quantitative Data – Small Business Innovation Research (SBIR) Data
From 1993 – 2003, Texas received a total of $209.08 million in SBIR grants. As a state, Texas
ranks between eighth and ninth in terms of total national SBIR granted funds. Even though there
continues to be an increase in SBIR grants to Texas agencies and businesses, this is still
relatively low compared to other states that have comparative research activities and advanced
technology companies residing in the state. One reason may be that Texas does not have a strong
program for matching funds. The Texas Emerging Technology Fund may provide the conduit to
increasing matches of state to federal funds. Unclassified SBIR Funding to Texas is illustrated in
Table 6.4.
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Table  6.4  Unclassified SBIR Funding to Texas from 1993 – 20039

Agency 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
1993-2003 

Total
HHS 2.12   3.96   6.16   6.05   8.39   8.96   11.69 9.17   13.03 14.46 15.83 99.82       
NASA 3.62   5.17   6.48   6.51   6.09   5.18   6.48   5.03   4.51   6.26   5.30   60.62       
DOE 0.18   0.71   0.96   1.38   2.47   2.17   2.34   3.05   2.57   2.89   3.89   22.62       
NSF 0.96   1.05   1.44   1.95   1.79   2.10   1.80   1.53   1.45   2.12   2.90   19.07       
USDA 0.03   0.05   0.11   0.23   0.34   0.59   0.59   0.31   0.32   0.43   0.58   3.58         
DOC 0.03   0.03   0.10   0.07   0.49   0.19   0.29   0.15   0.42   1.75         
EPA 0.01   0.01   0.02   0.03   0.01   0.14   0.41   0.33   0.23   1.20         
DOT 0.07   0.11   0.07   0.06   0.06   0.05   0.41         
DOD* N/A
FY Total 6.98   11.05 15.25 16.22 19.25 19.15 23.40 19.41 22.58 26.64 29.14 209.08     

*DOD SBIR data is restricted

1993-2003 Unclassified SBIR Funding to Texas 
Total ($209.08 Million)

6.5 – Quantitative Data – Patents
Over a ten-year period (1993-2003), Texas received 73,200 patents. Over 90% of Texas’ patents
were from three metropolitan areas – Austin, Dallas-Fort Worth and Houston-Galveston. Austin
and Dallas-Fort Worth focus mainly on high tech industries such as computers,
telecommunications, semiconductors and pharmaceuticals. While, Amarillo, Houston-Galveston
and Midland-Odessa concentrate on more traditional industries such as oil exploration and
drilling, industrial machinery and chemicals.

The Semiconductors & Electronics category accounts for around 10% of Texas’ patenting from
1997-2003. This is a higher percentage than the national average for this timeframe. The leading
companies in Texas in this technology area are Advanced Micro Devices (AMD), Freescale
Semiconductor Inc., STMicroelectronics and Texas Instruments. See appendices for detailed
analysis on patents in Texas.
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7 - SWOT (Strengths, Weaknesses, Opportunities and Threats) Analysis

Regional forum participants were asked to provide regional perspectives on the strengths,
weaknesses, opportunities and threats they recognized locally within the AT&M Cluster. The
regions included Houston, Austin, Weslaco - The Rio Grande Valley, El Paso, Tyler - East Texas
and the Dallas/Fort Worth area. The following summaries of the regional forum SWOT findings
have been labeled according to the regions and broken down to highlight the top
recommendations.

Table 7.1  Regional SWOT Summary10

Houston
Strengths Weaknesses

• Advanced technologies across multiple
markets – medical, IT, energy, aerospace
and Nanotechnology. These industries have
strong roots in technologies that drive new
consumer market products.

• Logistic hub– ports, highways, air, IT and
broadband. Houston is a center for
distribution and supply chain fulfillment.

• Low percentage of federal funds that are
immersed into Houston result in the
commercialization of technology or emergence
of new companies. Requires new processes to
drive innovation.

• Academic colleges and institutions need to
understand the “just-in-time” workforce
concept. Curricula and programs need to focus
on training and skills requirements of the
workforce.

Opportunities Threats
• Recruit retiring experts to teach and train

the future workforce. Houston has a
growing retiring population and cannot
afford to lose the expertise.

• Houston companies should leverage the
global infrastructure assets to expand their
customer markets.

• Business opportunities: nanotechnology,
alternative energy sources, medical devices
and sciences, robotics and eLearning.

• State does not have an effective system that can
be leveraged to match federal grant funds for
programs such as advanced manufacturing,
space, medical research.

• Air quality
• Immigration and changing demographic profiles

threatens the workforce pipeline and graduate
numbers from the K-12 education system.

Austin
Strengths Weaknesses

• Strong business associations with close
government ties – AeA, Austin Technology
Council, Austin Chamber of Commerce and
others that promote collaboration between
businesses, government and academia

• Strong promotion for entrepreneurship
through the growth of angel, VC and private
funds.

• Need more emphasis on seed fund channels.
Companies and entrepreneurs need to know
where to access financial opportunities.

• Austin has an over-arching theme of promoting
slow growth, minimal expansion of companies.

• Need better “just-in-time” training programs to
respond to industry needs.

Opportunities Threats
• Propose exit interviews for companies

leaving Austin and or the state to aid in
recruitment and retention of companies.

• Creation of a program that focuses on the
education and exposure of career counselors
in the K-12 and post educational systems.

• Semiconductor companies require strong
supports from legislative bills that promote
expansion, R&D and workforce training.

• Absence of statewide approach to workforce
training and funding is hindering our ability to
retain experts in Texas and compete globally.
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The Rio Grande Valley
Strengths Weakness

• Location - Easy to access NAFTA, CAFTA
and global market channels. Access to
customers via air, land and sea.

• Breadth of market interconnection - in
terms of workforce, technology and
customers (space, health sciences, food
processing and advanced manufacturing).

• Branding - Because the region is not seen as
industry advanced, The Valley needs an
economic development and marketing strategy.

• Brain Drain - Workforce with skills and
expertise are recruited, but leave after term is
finished. Graduates leave for better
opportunities.

Opportunities Threats
• Leverage the border towns maquilladora

and workforce to grow industry base and
attract targeted industries.

• Available investment dollars need to be
channeled into a recognized program that
makes finance and entrepreneurial capital
available.

• Design and manufacturing centers are moving
offshore to China, South America, Indonesia and
India, making it difficult to attract economic
investment.

• Social trends and demographics - dropout rates,
crime and clashes between cultures negatively
impact economic development.

El Paso
Strengths Weaknesses

• Strong manufacturing activities with access
to a talented workforce. Manufacturing in
chemical, petroleum, consumer products,
automotive, defense and electronics.

• Advanced Technology Center exhibits an
excellent model for collaboration between
agencies, academia and industry.

• Negative image portrays El Paso as having
cultural issues. Requires a focus on marketing
and branding.

• Location - Cut off from major metropolitan
centers such as Dallas, Austin and Houston has a
negative effect on building collaborations.

Opportunities Threats
• University of Texas at El Paso has invested

in research and curriculum programs that
meet a “just-in-time” workforce skills need.
$30 million plus increase from past years.

• Business opportunities in homeland
security, final assembly, MEMS,
nanotechnology, automotive and health.

• Close proximity to low-wage workforce
threatens economic investment opportunities.

• No workforce pipeline to support growing high-
tech industries – engineering, researchers and
industrial managers.

Dallas/Fort Worth
Strengths Weaknesses
• Strong OEM, mid to entrepreneurial size

companies. Companies strong in technology,
logistics and research.

• Strong presence of secondary education
institutions offering varying programs. High
number of programs with math, science,
technology and management.

• Policy for licensing intellectual property at the
university hinders collaboration and
commercialization process. Does not favor industry
processes.

• Economic development strategies are regional and
highly competitive. The metro area does not work
together to secure projects of benefit to the region.

Opportunities Threats
• Logistic and supply chain assets should be

leveraged for regional profitability. Investment
in hubs will create lower operational costs for
companies, attract new companies and create
centers of excellence and best practices.

• Leverage the DFW venture capital, incubators,
research labs and entrepreneurial channels as a
model on how to grow the next generation of
companies.

• Global competition for workforce, manufacturing
sites and distribution centers. Businesses need to
understand the importance of cost analysis and
retaining intellectual property in Texas.

• K-12 programs are not producing college ready
graduates or qualified workforce.
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East Texas
Strengths Weaknesses
• Strong base of recognized industry leaders in

distribution, call centers, manufacturing
components, food processing and research that
attract other vendors and suppliers.

• Real Estate
• Recognized school of Engineering at University

of Tyler
• BMC in Athens is an asset.

• East Texas needs to attract their share of state dollars
to invest in academics and economic development.

• ISD does not have a technology focus or a plan to
create internships, apprenticeships and shop classes;
therefore, graduates lack skills need by industry.

Opportunities Threats
• Build-out IT and telecommunications networks

to aid in business recruiting and retention.
• Business opportunities in bio, health, food

processes and research, supply chain and
nanotechnology.

• Need a collaborative effort at the state level to award
incentives and reducing operational costs for
companies.

• OEMs are seeking to reduce number of suppliers.
Lean supply chain practices will reduce workforce
numbers.

8 – Recommendations and Implementation

8.1 – Strategic Recommendations for Elevating Texas’ Competitiveness
Participants isolated these core issues to address in developing recommendations for integrated
approach to the implementation phase of the cluster initiative:

1) Education and Workforce – Develop and leverage programs that will enhance the
communication between industry, education and government on short and long-term
workforce needs. Reduce the gap between the skills industry needs and what is taught in the
educational system.

Establish a statewide council to address regional needs, design curriculum to meet
industry need and promote programs that result in a degree and or certification. The
objective should be to build a workforce pipeline capable of applying industry required
skills meshed with academic theory for a well-rounded employee.

2) Resources – Promote associations, technology centers and state resources to increase
competitiveness and process improvement across the cluster.

a) Create a Supply Chain Resource Bank, an inventory of best practices, cost-effective
operation structures, distribution partners, logistic hubs and a financial model for
fulfillment and process improvement.

b) Establish commercialization centers and incubators across the state to show
commitment to entrepreneurship; provide access to successful mentor programs,
business planning, financial and capital resources. Example: Texas Emerging
Technology Fund – Regional Centers for Innovation and Commercialization.
(RCICs).
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3) Capital and Commercialization – State needs to allocate funds that can be specifically used to
match federal grants. Other grant matches may include company or private funds. Matches
should foster new company or business segment growth, R&D, creation of new jobs in Texas
and program development.

4) Retention, Attraction and Entrepreneurial Development Strategy – Seek a better balance
between attracting, retaining and growing companies. Economic development partnerships
and councils need to work from a statewide strategy to maximize regional branding,
effectively growing clusters. This will aid in the allocation of state resources to promote job
growth, infrastructure, academic institutions and attracting companies that are globally
competitive.

5) Cluster Growth – The state needs to excel in promoting the AT&M Cluster and other clusters
that contribute to the AT&M Cluster. The focus should be on implementing a strategy for
economic opportunities, commercializing technology and creating a world-class workforce.

8.2 – Implementation Strategy
The AT&M Cluster team prioritized strategic activities for implementation by regional and state
leaders. These priorities complement the recommendations of the State Strategy on Advanced
Technologies (SSAT), Texas Technology Initiative (TTI) and SEMATECH and build the
foundation for successful clusters – workforce, retention of companies, innovation and
technology commercialization and capital. The AT&M Cluster team proposes to continue this
effort with expanded emphasis on regional efforts.

Immediate Impact
Collaboration

o Enhance supply chain for reduced material and distribution costs.
o Create a statewide council to focus on emerging technologies and Texas’ ability

to grow innovation.
Workforce

o Promote the web site www.workintexas.com, which provides free resources to
employers and job seekers and is a developing inventory of Texas’ workforce
supply and demand.

o Identify and fund statewide expansion of K-12 educational programs that will
build a responsive and highly skilled workforce pipeline based on the needs of
industry.

Commercialization
o Provide information about grants and resource assistant programs to help

companies secure more federal funding for research and commercialization.
o Market resources and programs of technology associations and assistance centers

such as Texas Nanotechnology Institute (TNI), TMAC, etc. Draft policies and
legislation that ensures their funding and survival.
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Long-term Impact
Collaboration

o Communicate findings of the cluster assessment to regional economic
development organizations to encourage the development of strategic plans that
complement that of the state.

o Promote curriculum development for industry certifications, apprenticeship and
internship programs that includes funding assistance from the state.

Workforce
o Identify corporate programs, which advance and invest in the next-generation

workforce. Identify successful programs for funding that promotes statewide
adoption.

o Provide tax incentives to companies that develop their own curriculum for skill
advancement or retraining of incumbent workers contributing to job retention.

o Identify and invest in industry experts in math, science, physics as well as
inventors and top researchers to support technology companies and the creation of
a top tier university.

Commercialization
o Eliminate taxes paid on the purchase of R&D equipment.
o Continue to fund the Skills Development Fund, Texas Emerging Technology

Program and Texas Enterprise Fund.

8.3 – Assessment Summary and Targets of Opportunity
In summary, the AT&M Cluster assessed the strengths, weaknesses, opportunities and threats
within the cluster to identify challenges to the education and workforce systems, opportunities
presented by emerging technologies, improvements to the business climate and processes to
more effectively commercialize an idea into a viable product in Texas. The implementation
phase of the Texas Industry Cluster Initiative must demonstrate committed leadership and
allocate resources focused on these key areas.

This assessment explored emerging technologies and possible government funding strategies that
have the potential to advance the AT&M Cluster. Technology and infrastructure opportunities
are listed below.

• Manufacturing plant design to promote high productivity and cost efficiency
• Alternative energy sources– alternative fuel, wind, solar and gas
• Advanced manufacturing processes/precision assembly – software application tools
• Advanced airport and logistic hubs – commercial and private
• Supply chain strategies – streamlining through technology and financial models
• Incubators and commercialization centers
• Cross cluster converging technologies - biotech, aerospace, defense, life sciences, IT and

energy
• Robotics
• Microelectronics (MEMS) and semiconductors
• Nanotechnology
• Sensors and other monitoring technologies
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By identifying the technologies, the business opportunities emerge. Collaboration among the six
target clusters will enhance shared resources, funding and program validity. It also promotes
information sharing and a developing network of experts in technology and product
commercialization that will drive innovation.

Collaborative Projects for the State of Texas
The AT&M Cluster team outlined two opportunities to foster growth in all of the clusters. Given
focused collaborative effort, investment and nurturing could create economic success for the
state of Texas. The first is a supply chain and fulfillment strategy that would be beneficial to all
the clusters and particularly the AT&M Cluster. The second project describes an effective
incubation to commercialization strategy. Both projects are presented in detail in the appendices.
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9 - Advanced Technologies and Manufacturing Cluster Team Contributors

The Advanced Technologies and Manufacturing Cluster team is chaired by Denny Dellinger,
COO of Stewart and Stevenson and co-chaired by Betsy Wietzman, Freescale Semiconductor.
Cluster team members, contributors and assessment participants include:

Cluster Team Members Organization
Tim Arndt, Training Project Manager Austin Community College District
Chrissy Camacho, Director of Government &
Legislative Affairs

AeA

Drew Casani, Executive Director Texas Manufacturing Assistance Center (TMAC)
Jimmy Conway, President UAW #276 General Motors
Gene Frantz, Principal Fellow Texas Instruments
Michael Glinski, General Manager General Motors, Arlington Plant Assembly
Bud Harris, Director Del Mar College
Bob Helms, Dean of Engineering University of Texas at Dallas
Mario Hernandez, President San Antonio Economic Development Partnership
John Kirkgaard, President DCRA Inc.
Kelly Kordzik, President Texas Nanotechnology Initiative
Richard Lebovitz, President FactoryDNA Inc.
Ray Leubner, VP Global Manufacturing Strategy
Integration

AMD

George Skidmore, Executive Director R&D Zyvex
Stephen Yellin, Executive Regional Director Lockwood Greene
Walt Trybula, Senior Fellow SEMATECH

The Advanced Technologies and Manufacturing Cluster team was assisted by the Texas Workforce
Commission (TWC), Office of the Governor, Texas Workforce Investment Council and New Economy
Strategies, LLC.

                                                          
1 New Economy Strategies LLC.  Texas Workforce Commission
2 New Economy Strategies LLC.  Governor’s Cluster Advanced Technologies and Manufacturing Executive Team
3 Labor Market and Career Information, Texas Workforce Commission.
4 New Economy Strategies LLC.
5 New Economy Strategies.  Texas Workforce Commission.  Regional Cluster Forums.
6 New Economy Strategies LLC.  Governor’s Cluster Advanced Technologies and Manufacturing Executive Team
7 RAND RaDiUS.  Federal R&D Funding Data – By County
8 RAND RaDiUS.  Unclassified Federal R&D Funding Data – Technology Sector
   Schoenfield & Associates
9 RAND RaDiUS.  Unclassified SBIR Funding To Texas 1993 – 2003
  CHI Research Inc.
10 Texas Workforce Commission.  Regional Cluster Forums
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1 - Executive Summary and Recommendations

1.1 – Overview of Cluster Assessment Report
In Senate Bill 275, the 78th Texas Legislature initiated the development of a detailed assessment
of the aerospace and defense industry in Texas, along with five other clusters: Advanced
Technologies and Manufacturing, Energy, Information and Computer Technology,
Biotechnology and Life Science and Petroleum Refining and Chemical Products. Currently,
Texas is experiencing growth in aviation, space and defense activities that is creating companies,
funding research initiatives and launching programs that create jobs, knowledge and
technologically advanced products.

Not only does Texas have a strong foothold in aerospace and defense, but the state also is well
positioned to profit from investment and market expansion in this cluster. Recent federal funding
trends and commitment to projects at the federal level, indicate opportunities to secure funded
programs that invest in research, product commercialization, workforce training in space,
Unmanned Aerial Vehicle (UAV) technology, defense and biodefense, and composite aircraft to
name a few. The Texas Industry Cluster Initiative aims to engage and represent statewide
stakeholders and outline key recommendations for state leadership to best allocate state
resources, foster growth in the clusters and develop a strategic economic development plan for
the state.

Clusters rely on the continual advancement and investment of companies, infrastructure and
technology to maintain a competitive advantage. The Aerospace and Defense Cluster is no
exception. This assessment explored sources of economic activity, regional assets including
support services and infrastructure, threats to economic growth and the future workforce pipeline
required to meet the needs of industry as the cluster grows.

Leading industry representatives, entrepreneurs, workforce and economic development, business
associations, support industry and academia created a detailed profile of the cluster. Through the
examination of qualitative and quantitative data, the Aerospace and Defense Cluster team
identified technology and market-driven opportunities to stimulate sustained economic growth.
As the information was analyzed, the following themes emerged:

1) Workforce and Education
2) Capital and Commercialization
3) Collaboration and Strategic Partnerships
4) Business Climate

This team also identified several important activities and policy issues that resulted in
recommendations.

The aerospace industry, especially the manufacturing and design sectors, is labor
intensive and depends upon a highly skilled and highly compensated workforce. From
research and comments that have been collected, the state must recognize these factors if
it wishes to attract, expand and retain these industries that form the cluster. Training
skilled workers for the line must be complemented by development of specialized
programs for the jobs of the future and enhanced by job training or retraining programs
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underpinned by state support. Broadened availability of post-graduate engineering and
design programs must be increased through cooperative efforts between this industry and
higher education. In addition, as the state may begin to rely upon payroll or compensation
factors as part of its state tax base, recognition that the aerospace is a high wage, labor-
intensive, specialized industry must be continually evaluated. The design of such a tax
system must consider the impact of national and global competition on this important
sector of the Texas economy.

The state of Texas is in an excellent opportunity to leverage business opportunities in
homeland and cyber security, Maintenance, Repair and Overhaul (MRO), Unmanned
Aerial Vehicles (UAV), space program and industry commercialization, as well as
composite aircraft. Adopting new technologies and improved processes for
manufacturing will advance the aerospace and defense industries in Texas.

These issues and recommendations are included in this report for further consideration. A
detailed appendix includes project proposals, the raw data collected during the assessment
process and industry statistics for making decisions about the Aerospace and Defense Cluster in
Texas.

1.2 – Recommendations
Throughout this assessment process, several common themes emerged and resulted in the
following recommendations:

1. Workforce and Education
Staffing patterns in aerospace and defense experience peaks and valleys due to the fact that
government contracts are a major source of revenue and often dictate workforce needs. Thus,
industries in this cluster have a fluctuating career environment. Rapidly advancing
technology and specialized skill requirements present additional challenges to filling
immediate and future workforce requirements. The workforce must be continually prepared
to meet industry demand for companies to remain competitive. Funding for the TWC Skills
Development Grant program must be continued. The following recommendations focus on
fulfilling the “just-in-time” workforce needs at the pace of technological growth:

• Support the development of training and certification curricula that focus on skills
such as welding, machining, electronics and hands-on exposure to the production of
goods.

• Create standardized industry certifications, recognized by employers that ensure
candidates have attained industry standard skill levels while providing future
employment security.

• Provide tax incentives for specialized training programs funded by the employer to
support the adoption of new technology.

• Market and promote the benefits of building a career in aviation, space and defense.
• Assist in the funding and development of an employer-driven, standardized core

curriculum for post-secondary students.
• Broaden the availability of post-graduate engineering and design programs that

complement the skill requirements of this industry.
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2. Technology Transfer and the Advancement of the Commercialization Process
The following recommendations support investment in innovation, research and product
testing, each integral to supporting the development of new technologies required for
growing the competitiveness of the Aerospace and Defense Cluster:

• Invest in centers of innovation to ensure an ongoing focus on advancing the
commercialization of research into viable products that will advance the industry. The
Texas Emerging Technology Fund (ETF) is one avenue to achieve this goal.

• Promote networks that ensure the collaboration between industries and research labs
in incubator and academic environments for the benefit of the industry as a whole.

3. Business Climate*

The assessment of the Aerospace and Defense Cluster produced positive feedback regarding
doing business in Texas. However, several factors were identified that concerned employers.
The following recommendations seek to improve infrastructure and the overall business
environment:

• Offer tax incentives for companies that invest in new equipment and expansion of
facilities for economic growth.

• Ensure that Texas’ policy focuses on creating a business friendly, cost effective
environment for employers including addressing rising healthcare costs, aging
facilities and corporate taxes.

• Develop a strong supply chain (logistics and distribution) model that fosters
coordination among vendor and supplier channels to reduce the cost of delivering
product to the marketplace.

• Invest in the regional airport system to support opportunities for commercial airline
expansion, growing demand for air taxi service for commuters and increased use of
airports as logistic hubs.

• Incorporate strategies for entrepreneurship, business incentives, access to capital,
infrastructure build-out and promotion of defense and space programs into the state’s
strategic economic development plan.

* For the purpose of this assessment, business climate includes such issues as taxes, economic development,
infrastructure needs and corporate overhead costs such as health and workers’ compensation.

4. Collaboration
Participants in the assessment emphasized the importance of seeking input from government,
industry and academia on an on-going basis. The following recommendations promote
increased collaboration and the sharing of resources and expertise to foster growth in the
industry cluster:

• Share public and private resources for grant writing and contract negotiations to
secure government funds for procurement and program development.

• Enhance the logistic and supply chain channels to reduce material and distribution
costs through co-op partnerships.

• Continue to foster regional collaboration for workforce development, infrastructure
build-out and sharing of information databases identifying vendors, suppliers and
distribution channels.
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• Create centers of innovation where aviation, space and defense-related companies
have the opportunity to test technology and network with other industries to
determine and fulfill technology needs and drive integration. Government, industry
and academia need to work together to develop new technologies for the cluster.

1.3 – Technology Targets of Opportunity for Texas
Texas’ ability to innovate and create new technological advancements is one of its’ greatest
assets. The Aerospace and Defense Cluster team reviewed the data collected in this assessment
and identified technologies that could create profitable business opportunities:

a) Nanotechnology, biotechnology
b) Precision composite and light weight materials
c) Homeland security – border control, cyber security, physical security
d) Advanced manufacturing – precision assembly and tools
e) Robotics – autonomous robotic vehicles
f) Alternative fuel sources
g) Wireless
h) UAV
i) Space-related innovations

Further investigation is needed into whether or not the technologies listed in this report, truly
reflect what is best for the Aerospace and Defense Cluster in Texas and the advancement of the
industry as a whole. This should include a review of converging technologies found in the other
five clusters outlined in the cluster initiative.

1.4 – Next Steps for the Aerospace and Defense Cluster Team
Implementation is a critical component of any strategic plan. The Aerospace and Defense Cluster
team stands ready to act as liaisons between the regions and state leadership to identify priorities
of action. Sub-groups from the team will promote economic development opportunities that
create jobs, models that support the integration of technology and elevate Texas’ academic
requirements and institutions. In addition, the cluster team envisions a data resource bank of
regional assets and infrastructure investment for the development of profitable partnerships
statewide among the five other target clusters.

2 - Summary of Findings

One of Texas’ primary strengths may be its regional diversity. Identifying the assets of a region
in terms of technology, workforce, physical and virtual infrastructure, forms the basis for a more
comprehensive economic development plan that will serve to network Texas’ regions for more
efficient statewide implementation and economic growth. Participants in the regional forums
provided the majority of the information. The locations for these regional forums were selected
based on the greatest concentration of employment within the aerospace and defense industry
segment. The following summary highlights statewide assets and strengths that are imperative in
developing strategies for growth in the Aerospace and Defense Cluster.

Texas – Statewide
• Technology and innovation for aviation, space and defense including UAV,

biodefense and composites
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• Presence of original equipment manufacturers (OEMs) and mid- to small-tier
companies that form the core of Aerospace and Defense Cluster activities, including
design, commercialization, manufacturing, testing, sales and maintenance.

• Strong presence of airport facilities, commercial and private logistic hubs, military
bases, three spaceports, security and border control posts.

• Ability to attract federal contracts for the development and economic growth of the
cluster. Awarded contracts through the Department of Defense (DoD). Grants and
program funds through the National Science Foundation (NSF) and National Institute
for Science and Technology (NIST). These contracts support job growth,
manufacturing, research and development (R&D) and facilities.

• Academic institutions (post-secondary) with communication channels to industry for
the development of curriculum and training programs to provide workforce skills.

• Strong airport system. Proves infrastructure and commercial travel options statewide.
• Strong foundation for growth in the following market segments – UAV, MRO, air

taxi service, space programs and homeland security.
* This list includes a few highlighted assets from the assessment. A complete list is included in the Appendix.



8

The following chart outlines some of the regional cluster attributes that must be maintained to
support development in the cluster. It highlights technology, expertise, industry presence and
associations as well as components of physical infrastructure needed to move manpower and
product. The four regional forums held across the state are represented in Table 1.1. Additional
assets will be highlighted throughout the report and included in the appendices.

Table 2.1 - Regional Cluster Attributes and Representation1

Region Industry Cluster Attributes Infrastructure
San Antonio and
Central Texas

Strong company presence – KellyUSA,
Boeing, Lockheed Martin, Pratt & Whitney,
GE, Chromalloy, Mooney Aircraft Company
and Standard Aero.
GPS/GIS and information technologies.
Homeland security entities. Military presence
and government agencies.
College and university programs focus on
Aerospace and Defense Cluster needs.

Airports, military bases, aircraft hangars and
rail.
Centralized location with market access.
Alamo Community College District,
University of Texas at San Antonio (UTSA)
and South Texas Research Institute.
San Antonio Economic Development’s
Aviation Council. National Security Agency.
Maintenance, repair and overhaul (MRO)
cluster.

Houston and Gulf
Coast Region

Strong economic development strategic plan
to develop space and aviation cluster
representation. Nanotechnology, medical
sciences, robotics and composite materials.
R&D labs for space, air and defense
technologies.
Original equipment manufacturers (OEMs)
and mid-tier companies. United Space
Alliance, Boeing, Lockheed Martin, USA
Space Operations and Barrios Technologies.

Investment in technology, IT and
communication infrastructure.
NASA/Johnson Space Center. R&D labs and
expertise for space, air and defense. Strong
academic focus to train workforce with
transferable skills between aviation, space,
defense and other market-related segments.
Rice, UT Medical Branch (UTMB),
University of Houston, San Jacinto
Community College – Aerospace Academy.
Ellington Field.

The Rio Grande
Valley and South
Texas

Maquiladora – access to affordable workforce.
OEMs. MRO, R&D and manufacturing.
Spaceport. Homeland security, border control,
radar and defense. Rolls Royce, Lockheed
Martin, GE and Raytheon.

Proximity to Mexico. Access to NAFTA,
CAFTA corridors through, sea, air and land.
University and college programs for
workforce training – UT Pan American and
Texas State Technical College (TSTC). Valley
International and Harlingen Airports.

Dallas/Fort Worth
and North Texas

Texas Logistic Capability Council.  Texas
Homeland Security Alliance.
Strong presence of OEMs and technology
associations.  Nanotechnology, medical
sciences, composites, wireless - GPS/GIS.
Sensors, tracking devices and robotics.
Geneva Aerospace, Raytheon, Vought
Aircraft Industries, Lockheed Martin, Dallas
Airmotive, L-3, BAE, General Dynamics,
Bombardier and Bell Helicopter.

Strong IT and telecommunication
infrastructure to conduct business.
Airports, airstrips and logistic hubs. Airports
include DFW International, Love Field,
Alliance, Meachum and small regional
airports.
UT Dallas (UTD), UT Arlington (UTA),
Texas Christian University (TCU), University
of North Texas (UNT) and Southern
Methodist University (SMU). Dallas and
Tarrant County Community Colleges.
Strong military presence.
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Economic Threats
Given the strengths and assets identified in regions across the state, there remain economic
threats that can negatively impact growth in the cluster. The following list identifies those areas
of weakness, which pose the greatest threat to Texas’ existing assets in this cluster:

• Maintenance, repair and overhaul (MRO) is a growing industry on which Texas should
capitalize. However, equipment is expensive, and work depends on a healthy economy
demanding and producing product. Workforce skills required for this market sub-
segment are not readily available to support an increase in workload as experienced
workers face retirement.

• NASA-related space programs rely on federal government funding. The industry is
contract-based, creating a concern for its unpredictable future. If there is a lack of
commitment to space exploration and programs by the U.S. government, there will be
a loss of jobs, fewer entrepreneurial ventures and fewer dollars for research and
development.

• Global competition is spurring economic trends such as the establishment of
manufacturing plants offshore, low-wage competition wars and need for government
to provide grant dollars to advance research and development efforts. In addition,
aerospace companies have to make operations decisions based on variable business
costs that continue to increase. These factors are threatening the retention of plants
and jobs in Texas.

• Employers increasingly bear the burden of addressing multiple threats related to
workforce including soft skills, traditional manufacturing skills and availability of
skilled workers such as welders, machinists, technicians and skilled engineers.

A full review of the SWOT (Strengths, Weaknesses, Opportunities and Threats) analysis is
included in this document for review (See section 7).

3 – Aerospace and Defense Cluster Definition and Representation

At the beginning of the cluster initiative process, a snapshot of industries and stakeholders in the
cluster was proposed. The core industry representatives and stakeholders included:

• Commercial Aviation
• Financial and Service Stakeholders
• Military
• Defense Manufacturers
• Space
• Security
• Airport Operations & Maintenance
• Logistics and Transportation

Through the analysis of input from the regions, a more dimensional picture of the Aerospace and
Defense Cluster emerged. Many more industries and stakeholders were added to complete this
representative picture. This model looks at market segments that comprise the cluster, including
defense, security, space, manufacturing, general aviation, military bases and activities and airport
operations. Service companies that directly support the core industries are a significant
component of this cluster and include maintenance of infrastructure and facilities, advancement
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of technology, associations and institutions. Institutions represent research labs, academic
institutions (colleges, universities, training centers), workforce providers and capital investors.
To thrive, all parties must contribute and remain healthy to be competitive. The outcome of the
assessment is depicted in Figure 2.1.

Figure 3.1
Stakeholders and Industry Representatives for the Aerospace & Defense Cluster Team2
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To demonstrate areas of concentration among these stakeholders and industry representatives by
location, regional cluster representation was mapped using the North American Industry
Classification Systems (NAICs) and data provided by Labor Market and Career Information
(LMCI).

Figure 3.2  - Aerospace and Defense Cluster Regional Concentration3

4 – The Competitive Landscape

The economic impact of approximately 186,000 jobs makes the aerospace and defense industry
one of the largest overall employment generators in the state. The aerospace cluster includes both
military and civilian sectors, general defense and homeland security, commercial aviation,
manufacturing and space activities. The value chains and fulfillment roles of supplier-vendors
create opportunities for companies to co-locate, generating stronger regional clusters. For
instance, the Joint Strike Fighter (JSF) aircraft project in Fort Worth and the V-22 Osprey project
in Fort Worth and Amarillo require suppliers of parts and materials to expand adjacent to
development and manufacturing activities. Other opportunities discovered through the cluster
assessment process include sub-orbital vehicle and launch activities in West Texas, UAV
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technology for border security, engine manufacturing in South Texas and new materials and
avionics research in Central Texas.
The impact of NASA and the Johnson Space Center continues to foster new products and
innovations in areas as diverse as health care, pharmaceuticals, nanotechnology and advanced
materials, data and information management. Awarded funds for space and aviation projects will
continue to drive the growth of entrepreneurial ventures and feed the mid-tier companies.
Finally, Texas has several reasons for focusing increased attention on homeland security. With
several international ports, a wide geographic border with Mexico, major petrochemical and
refining facilities and the presence of government agencies, Texas through securing assets will
indirectly drive new business opportunities.

Competitive Collaborations
The aerospace and defense industries have an opportunity to foster cluster growth through
embedding cross-cluster technology into new products and processes. For example:

• Technology that can launch human beings into space and onto other planets for
longer periods of time. Robotics and space vehicles that can capture and digitize data
for analysis and education.

• Information technologies to improve navigation systems, tracking, GPS and radar.
Systems integration into aircraft, sensor and tracking systems, as well as physical and
virtual defense products.

• Fuel cells and advancements in energy storage.
• New manufacturing tools and processes in the MRO market that integrate lean

manufacturing principles and cost-effective supply chain processes.

Technology is just one variable that will promote growth for the aerospace & defense cluster.
Industry trends such as globalization of manufacturing and expansion of customer markets,
outsourcing specific business operations, streamlining the fulfillment process and cross-training
of the workforce, should be recognized as opportunities to learn and adopt best practice
scenarios. The following trends present both challenges and opportunities the cluster:

• Streamlining operations through outsourcing business operations or services to other
firms reduces operating costs. Examples include outsourcing manufacturing and
offshore customer service and outsourcing intellectual property (IP) to contractors.
Some of these trends increase productivity while others threaten a company’s
competitiveness.

• The emergence of new global markets increases the flow and distribution of goods
creating a need for new technology and investment into the fulfillment process to
remain competitive.

• Texas’ workforce must be skilled in languages, math, science and technology.
Employees must be cross-trained to remain employable during industry productivity
shifts.

Industry trends that impact the Aerospace and Defense Cluster are visible across other clusters in
Texas. The cluster will do well to review best practices for high productivity and reduce
operation costs. Creating highly competitive clusters across Texas should be the core of the
economic development strategy.
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5 – Assessment Methodology

In order to engage a broad set of stakeholders and to capture their ideas regarding building an
Aerospace and Defense Cluster strategy, statewide activities were launched to include:

• An electronic survey to capture state and regional opinions around technology,
entrepreneurship and cluster strategies

• Interviews with 60 key stakeholders (government, academia, industry)
• Four regional forums (San Antonio, Weslaco – The Rio Grande Valley, Houston and

Dallas/Fort Worth)
• Ongoing legislative and policy discussions with the cluster team

The intent of this qualitative approach was to gain valuable insight, commentary and guidance
from over 190 industry leaders, vendors and suppliers supporting the growth of the cluster.

Complementing the qualitative and anecdotal information was an extensive process of
quantitative data collection from several third-party and original sources. The RAND
Corporation’s RaDiUS (Research and Development in the U.S.) database on federal funding,
Schoenfield & Associates database on private sector R&D, the CHI Research patent database,
Texas Workforce Commission (TWC) employment data and input from the Aerospace and
Defense Cluster team, provided the information on assets and activities building the knowledge
base for aerospace and defense.

6 – Qualitative and Quantitative Data

Interviews, regional forums and cluster team discussion provided significant insight. Data and
information captured outlined the assets and strengths of the cluster and what actions should be
taken to maintain the cluster’s competitiveness, regionally and globally. After review of the
responses and data, the state of Texas may wish to create a forum for cluster planning and
implementation that will provide additional insights into the growth of this cluster.

6.1 – Qualitative Data - Survey of the State and Cluster Expertise
The survey focused on employment and education, entrepreneurship and the business
environment. 63% of the respondents had served or participated in a workforce advisory
committee and 31% had served on a human resource committee or program. 70% were in a
product design or research role within their company.

The following summarizes the response percentages for the main themes captured by the survey:

Employment
• Of the surveyed companies, 65% of the employees recruited came directly from

community colleges or technical schools, and 61% were graduate students with a
four-year degree. 42% were recruited from other institutions or organizations.

• 83% of respondents believed it was easy to retain top talent once hired as an
employee of the company; however, between 33% of the respondents felt it was
difficult to attract scientists, technicians and engineers.
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• Respondents emphasized that Texas needs to address building a talented workforce
pipeline. The awareness that Texas’ education system is responsible for developing
the future workforce must start at the K-5 level. Applied learning skills must be
incorporated into the curriculum.

Entrepreneurship
• 67% of respondents felt it was important to attract entrepreneurship to Texas. 78% felt

that it was important to very important to have access to seed and VC funding.

• 89% or respondents felt it was important to very important that the state and regional
leaders foster entrepreneurship to aid start-up companies.

• The state must develop and support programs that provide matching funds and assistance
to start-up firms.

Business Environment
• The survey questions focused on business regulations, quality of life, cost of doing

business and education. 38% felt that Texas was losing ground in terms of quality of
K-12 education, 38% felt that the tax burden on businesses is increasing, and 63% felt
that Texas could improve the business regulation environment.

• The respondents were asked what technologies they felt will be the largest
contributors of growth for the Aerospace and Defense Cluster. The responses
included UAVs, composite technologies, commercialization of space, genetic
research, alternative fuels, autonomous intelligent vehicles and nanotechnology.

Overall respondents were aware of the cluster initiative and aspects surrounding Texas’ strategy
on economic development. Respondents represented workforce, R&D and business operations.
The survey also captured the insights of small to large companies of 1000 plus employees, giving
the survey depth in terms of reaching all aspects of the industry. The survey questions and
detailed responses are included in appendices.
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6.2 – Qualitative Data - Stakeholder Interview and Regional Forum Perspective
One-on-one interviews were conducted with a select number of industry professionals from
various segments of the Aerospace and Defense Cluster. Participants were asked their opinion
around workforce, education, entrepreneurship, regional and state resources and global trends.
The responses are summarized below.

Table 6.1  Interview and Forum Input Summary4

Workforce
• Large companies hire the best talent making

it difficult for small companies to compete
for talent

• There is a need to map workforce skills in
order to provide industry with a workforce
pipeline (that includes industry needed skills)

• Students must be encouraged to pursue
careers in the aerospace industry

• Changing state demographics shows an
increase in limited and non English speaking
population

• Industry needs a strategy to transfer
knowledge from the experienced to next
generation of workers

• Rapidly changing technology trends cause
industry and academic institutions to struggle
to remain current

• Increasing need for industry standard
certifications (e.g. airframe, power plant)

Education
• Increase collaboration between industry and

universities for improved processes,
commercialization and research

• Industry will need to play a greater role in
defining what is needed for the development
of the workforce pipeline (e.g. skills, number
of graduates)

• Create better communication channels
between students in the early grade levels
about specific careers and promote the benefit
of pursuing those careers

• Increase number of trade schools, internships
and apprenticeship programs

Entrepreneurship and Commercialization
• Encourage new companies to break into

aerospace market through strong incentives
and a strategic economic plan

• Promote the coordination of vendor/supplier
channels that create competitiveness across
the cluster

• Create new commercialization mechanisms
• Support the Texas Emerging Technology

Fund (TETF)
• State support for the establishment of

incubators and a statewide entrepreneurial
system

• Provide the infrastructure to create new
company spin-offs from the NASA and other
federally funded programs

• Academic institutions must interact with
industry to redesign commercialization
process

Regional and State Resources
• Create a statewide marketing plan that

promotes technology and regional cluster
strengths

• Create a resource bank allowing companies to
access information regarding capital, grants
and incentive programs that benefit start-ups
and companies commercializing product

• Invest in regional airport system
• Texas needs to ensure that space and aviation

programs are a priority
• Create a statewide economic development

plan that highlights recruitment and retention
of cluster representatives
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The interview and regional forums also highlighted some of the global and national trends that
will aid or threaten the growth of the aerospace and defense industry.

Global and National Trends – Common Themes

• Impact of energy costs on aerospace drives need to seek alternative energy sources
• Aerospace is a global business and is becoming more technology driven
• Industry is moving towards composite material manufacturing for aircraft
• Industry is moving towards developing light jet aircraft for corporate and commercial

fleets
• Components and parts made outside the U.S., shipped to and assembled in U.S.
• Without state and industry support for growth in the MRO market in Texas, MRO

activity may move overseas in the next 5-10 years.
• Lack of awareness of a region’s or industry’s capabilities is a huge threat in a global

economy

6.3 – Quantitative Data - Federal DoD Funding in Texas∗

Over a ten-year period between 1993 – 2003, Texas received a total of $20.32 billion in federal
DoD funding. In the regional forum sessions, Texas industry representatives outlined the positive
and negative impacts of large sums of DoD funds flowing into Texas. The positives included the
job creation, commitment to innovation, ability to upgrade research facilities, increase in
manufacturing production and the expansion of federal programs at NASA and other federal
entities. However, loss of contracts or decreased federal funding can threaten the survival of
small to mid-sized companies that rely on the trickle down of federal contract dollars. Also,
shifts in workforce demand can create a negative image of the aerospace and defense industry
among those considering careers in this market segment.
∗ For the complete RAND RADiUS Federal R&D Funding data for Texas, see Appendix A

6.4 – Base Realignment and Closure (BRAC)
The current BRAC and quadrennial examination of the overall DoD operations and budget
provides Texas with a unique opportunity to examine the totality of R&D investment, academic
and industry partnerships, infrastructure and mission-focus for the next ten years. Locations of
vital defense investments are primarily in a handful of regions in Texas with some (not all)
overlap to the current military base and infrastructure sites. During the upcoming 2005-2006
BRAC process whereby the federal government examines overlap and inefficiencies, Texas can
assume that certain locations will be scrutinized for staffing, research, management and
operations support.

Figure 6.2 maps the realignment of Texas’ military installations for 2004.
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Figure 6.2 Texas Military Installations 20045

Source:  Texas Military Preparedness Commission Annual Report 2004/2005

The following are some of the responses captured during the cluster assessment based on the
2005 BRAC announcements. Opinions expressed in the cluster process interviews, forums and
small group discussions suggest that Texas requires a more purposeful strategy for addressing
sustainable growth in aerospace, military and homeland security related activities. Texas should
anticipate that other realignments – such as corporate or federally funded projects – could also
affect certain regions, requiring a response strategy similar to the BRAC response outlined by the
Governor.

6.5 – Small Business Innovation Research (SBIR) Data
SBIR grants have provided a source of funding for Texas businesses and research initiatives.
One of the strong recommendations that emerged throughout the cluster process was the need for
Texas to find funds to match and or support SBIR grants. In a ten year span, Texas received a
total of $209 plus million in granted funds. As a state, Texas ranks between eight and ninth in
terms of total national SBIR funding. A review of data showed that there is an increase in
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awarded SBIR funds to Texas businesses each year, but state support could increase this even
more through programs that provide matching funds. The steady increase in awarded funds to
Texas companies provides optimism in terms of the creation of new companies, investment in
research and the possible partnerships that could advance the Aerospace and Defense Cluster.

* There is no available number for classified DoD grants.

6.6 – Quantitative Data – Patents
In aerospace and defense a total of 673 patents were filed over a thirteen-year period, 1990 –
2003. Upward shifts in government spending, positive economic trends and technology drivers
are evident in the higher number of patents filed in defense-related products, weapons and
firearms (259) and navigational systems (164). This can be related to the technology
developments in other industries such as telecommunications, information technologies and
material sciences.

Texas ranks third in terms of the number of patents issued in high tech arenas in the U.S. behind
California and New York. The technology focus varies across the state of Texas, depending on
cluster strength and regions with high research activity. Table 6.3 shows that a total of 673
patents were issued in industry segments that are related to aviation, space and defense. The
cluster participants noted that as patent filings are linked to investment and economic trends,
there may be a healthy number of patents filed in Texas due to the growth in homeland security
activities, defense product innovation and collaboration with other industries to advance product
applications and capabilities.

Table 6.3  Patents in Texas for the Aerospace and Defense Cluster6

6.7 – Quantitative Data – Venture Capital Investment in Texas
Between 1995 and 2004, $18 billion in venture capital was invested in Texas companies. Texas
consistently ranks 5th or 6th in venture investing, behind Silicon Valley, Boston, Southern
California, the Southeast and the Mid-Atlantic. The aerospace and defense industries that
comprise the cluster tend not to attract venture capital dollars, but attract other sources of funds
through grants, federal agencies and contract projects. Smaller to mid-sized companies are able
to contract with the larger OEMs that secure federal contract dollars.

Aerospace/Defense Patents Issued for Texas by Subcategory, 1990 – 20031

Subcategory Number of
Patents

Subcategory as % of Texas  
aerospace/defense Patent

Total
Aircraft 110 16.3%
Aircraft Engines 54 8.0%
Helicopters 22 3.3%
Navigation/GPS 164 24.4%
Other aerospace 64 9.5%
Weapons/Firearms 259 38.5%
Total 673 100.0%
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7 – SWOT (Strengths-Weaknesses-Opportunities-Threats) Analysis
With significant assets in airports, aircraft fleets, manufacturing plants, military and defense
activities, space programs and innovation labs, Texas has the core foundation for a highly
competitive Aerospace and Defense Cluster. As part of the cluster assessment process,
participants were asked to participate in a SWOT analysis. The table below is an outcome of the
quantitative and qualitative analysis. It lists the major strengths and weaknesses of the Texas
aerospace and defense industry, as well as some of the more significant opportunities and threats
that it faces.

Table 7.1 SWOT Statewide Summary7

Strengths Weaknesses
• Presence of original equipment manufacturers (OEMs)

in cluster is dispersed across Texas.
• Growing maintenance repair and overhaul (MRO)

presence increases stability.
• Suppliers in Texas are mostly start-up and mid-tier level

companies. Job growth in the industry primarily results
from expansion in these companies.

• History of aviation and space industry in Texas, long-
term contracts and NASA provide stability.

• Growth in defense and security markets provides
contracts and job growth in homeland security, border
control and immigration.

• Innovation in UAV, composite aircraft and materials
demonstrate success.

• Available space and real estate offer companies options
on where to locate. Movement towards “shovel-ready
sites” (sites ready for new occupants immediately)
increases responsiveness to development opportunities.

• Strong history of innovation can be leveraged for
homeland security and defense markets.

• Collaboration between state and industry aids in policy
development and industry advancement in Texas.

• Infrastructure in NASA, spaceports and airport system.
• Office of the Governor’s division of Economic

Development and Tourism, Office of Aerospace and
Aviation’s Strategic Goals 2005-2009 for Aerospace and
Aviation.

• Generally manufacturing plants and labs require new
equipment to speed innovation and to decrease time to
market. Companies may decide not to upgrade due to
cost.

• Shortage of skilled workforce to make companies
competitive including welders, machinists and avionics
and electrical technicians.

• Industry imbalance – Smaller companies rely on OEMs
to secure contracts, so business opportunities flow
downward. Example: DoD contracts and NASA

• Market is cyclical – Workforce needs based on contracts
and market trends are not friendly for recruiting and
maintaining skilled employees. Also creates periods of
low production and layoffs.

• Over 70% of suppliers are out of state. Could pose a
threat to retention of companies in Texas.

• Require more collaboration among government, industry
and academia to produce future workforce pipeline.

• NASA contracts create peaks and valleys in dollar flow
to contract companies. Smaller companies rely on these
contracts. If Texas does not support NASA programs,
fear is companies and jobs will be lost.

• Recruitment of out of state suppliers hampered by lack
of supplier lists from tier one companies.

• BRAC requires proper response by the state.
• Business climate threats – rising health costs, property

taxes and taxes on inventory and equipment.
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Opportunities Threats
• Cooperative collaboration to maximize distribution

channels – ports, roads, air  and rail reduce time to
market

• Leverage government relationships at state and
federal level – Affect policy through industry lobby
groups to attract, secure and leverage government
contracts

• Leverage interfaces with other market segments –
Advanced materials, nanotechnologies and
biotechnologies for technology advancement.

• Create Texas Space Authority
• Create entrepreneurial program for the creation of

new companies out of the work being done at NASA.
• Expand top tier industry with emphasis on

manufacturing, research and part suppliers
• Support advances in material sciences and light

aircraft
• Invest in airport system for the profitability of

reaching global markets, “air taxi service” market
segment, expansion of private and commercial travel.

• Develop a statewide standardized certification
program for the aviation, space and defense market
segments.

• Foster entrepreneurship for smaller companies to spur
innovation

• Reduce fixed-costs through tax policies, supply chain
and incentives for expansion

• Homeland security – Product development, federal
resources and contracts

• Loss of intellectual property rights to global
competitors should be addressed.

• Brain Drain – graduates and experts are leaving
region and state for more money and opportunity

• Loss of large facilities, production sites and jobs due
to business climate issues and outsourcing trends. Can
companies afford to retain and grow manufacturing,
R&D, MRO in Texas when compared with other
states?

• BRAC
• Lack of workforce pipeline. Industry concerned that

workforce will not be available due to social,
technology and economic trends. Particular emphasis
is on preparedness upon graduation from the K-12
education system.

• Protect sales tax exemptions regarding sale of aircraft
to foreign government and non-Texas residents.

• Demographics –  currently Texas has an aging
workforce, growing immigrant population, high
dropout rates in grades 9-12.

• Reduced defense spending.
• Lack of a statewide marketing strategy to entice

students to embark on careers in aviation, space and
defense.

Table 7.1 (continued) SWOT Statewide Summary

To summarize, the overarching themes that surfaced in the SWOT analysis were collaboration
and understanding industry trends that shape investment, workforce, education, economic
development and supply chain. Participants focused on strengths in existing infrastructure,
presence of industry leading companies through entrepreneurial companies and market
opportunities such as homeland security, UAVs and composite aircraft. Weaknesses centered on
business climate issues, including the lack of a workforce pipeline and increasing costs.

Participants also identified the market trends, the cyclical peaks and valleys in awarded work
contracts, the availability of a skilled workforce and outsourcing as areas of weakness for this
cluster. Numerous opportunities for the aviation, space and defense market segments surfaced
during this analysis. With collaboration, state-funded investment programs, effective policy and
innovation, the cluster will benefit economically from market expansion. Recommendations
included the establishment of a statewide aerospace curriculum and a Texas Space Authority.
The SWOT results additionally encouraged the continual dialogue between cluster entities across
multiple market segments in Texas.

Finally, participants outlined threats to the growth of the Aerospace and Defense Cluster,
identifying areas in which the state should act to protect the health of this cluster. Preeminent
were the loss of intellectual property to global competitors and aging facilities. By identifying
those critical elements to the healthy growth of this cluster, the state and its partners have an
added opportunity to strategically create solutions to minimize threats and focus on growth.
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8 – Recommendations for Implementation

8.1 – Strategic Recommendations for Elevating Texas’ Competitiveness
Participants isolated core issues to address in developing an integrated approach to
recommendations for the implementation phase of the cluster initiative:

• Education and Workforce – Develop and leverage programs that will enhance the
communication between industry, education and government on short- and long-term
workforce needs. Lessen the gap between the critical skills required by industry and the
capabilities of graduates from the educational system and recipients of workforce
training, e.g. TWC Skills Development Grant Program.   

• Funding – State should support industry and education in the development of new
funding models to grow existing business and support entrepreneurial efforts e.g., Texas
Enterprise Fund (TEF) and Emerging Technology Fund (ETF).

• State and Regional Economic Development Strategy – Develop a strategy to recruit
suppliers to Texas through partnerships with existing companies in Texas. Incorporate a
marketing plan that focuses on companies in Texas buying from other Texas companies.

• Communications – Launch ongoing, proactive regional and statewide effort to regularly
inform stakeholders and others about progress in strengthening the cluster and to
inventory activities, practices, resources, assets and people.

8.2 – Implementation Strategy – Recommended Next Steps
The cluster participants identified immediate and long-term priorities for the Aerospace and
Defense Cluster. It is recommended that the Aerospace and Defense Cluster team partner with
regional and state leaders to lead the implementation of these particular initiatives.

Immediate Implementation
Collaboration
• Adopt a co-op supply chain model for reduced material and distribution costs. This model

should include access to resources and best-practice models.
• Collaborate with the state economic development representatives and all interested

stakeholders statewide to focus on building upon the strengths and targets of opportunity
for this cluster.

Workforce
• Create a shared data, information resource bank of regional assets and workforce profiles

for identifying skills and workforce talent.
• Establish standard industry certifications with emphasis on technical training and skill

enhancement.
• Maintain and expand government workforce development programs (i.e. Skills

Development Fund grant program).

Business Climate
• Investigate innovative ways to reduce the cost of doing business such as finding new

ways to address increasing costs in healthcare and disability.
• Offer tax incentives for companies purchasing R&D equipment or expanding operations.
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Long-term Implementation
Collaboration
• Promote innovation for defense projects
• Develop curriculum for industry certifications and to build the next generation of skilled

workers

Workforce
• Create regional aerospace advisory groups to promote industry and involve government

resources during down-turns

Business Climate
• Review periodic recommendations from the governor’s industry cluster group
• Collaborate with industry representatives to recommend policy

8.3 – Assessment Summary and Targets of Opportunity
As we have seen, technology and innovation spur healthy clusters. This process explored some
of the emerging technologies that could advance the aerospace and defense industries. This will
require collaboration between private and public entities, investment and the exposure to
converging technology applications to foster growth in the cluster. Technology and programs
that present business and industry advancement opportunities are listed below.

• Precision composite materials
• Aerospace design systems
• Intermodal transportation
• Advanced manufacturing processes and precision assembly
• Maintenance Repair and Overhaul (MRO)
• Composite aircraft
• Advanced airport hubs – commercial and private
• Alternative energy
• Cross cluster technologies – e.g., biotech, nanotech, aerospace
• Commercial space applications – realities of consumer interest, cargo, research
• Autonomous robotic vehicles
• Homeland and cyber security
• Sensors and other monitoring technologies

It is important to remember that the collaboration with other clusters will enhance shared
resources, funding and program validity. Working with other cluster entities provides
information sharing and the introduction to experts in technology and product
commercialization.
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8.4 – Market Segment Opportunities
The regional forums, survey and interviews focused on extracting opinions and information
regarding the activities that make up the Aerospace and Defense Cluster. As each region has its
area of specialization and emerging market opportunities, the cluster team isolated five areas of
the market that focus on technology and program expertise driving new business opportunities.
These projects were compiled by leading experts in the Aerospace and Defense Cluster.8

I. Small Aircraft Transportation System – The Next Generation of Air Travel
II. Maintenance, Repair and Overhaul (MRO)
III. Unmanned Aerial Vehicles (UAVs)
IV. Space Industry – Our Role in a New Era of Space Exploration
V. Homeland Security Assessment and Business Opportunities

I. Small Aircraft Transportation System – The Next Generation of Air Travel
As companies work to design and produce the next generation of very light jets (VLJs) or
microjets that exhibit the newest advancements in navigation, IT and composite technologies, the
market for air taxis and charters has been identified as one of the most significant business
opportunities in air travel. Within civil aviation, a growing trend in Small Aircraft Transportation
Systems (SATS) is creating an option for travelers wishing to travel between small airports, into
rural areas and according to a flexible schedule. SATS will provide flexible, safe, advanced
travel for clients commuting between small regional airports with no large carrier or scheduled
flight service. One or two engine jet aircraft that can be flown by one pilot, with automated pilot
back-ups, will become a viable option at a cost of approximately $1-$2 per square mile per
passenger. As public perception changes about the safety and restrictions around flight, SATS
will become a popular option for those wishing to fly outside the large carrier flight paths. Also
not to be overlooked, in addition new aviation technologies in the future will include the
production and commercial utilization of tiltrotor aircraft for short haul transportation needs

This market is expected to be one of the fastest-growing segments in aviation. The Federal
Aviation Association (FAA) expects growth of close to 20,000 more general carrier aircraft
added to U.S. fleets over the next 12 years – 4,500 of them VLJs. Historically, private jets have
been an option only for corporate executives who can afford to have their own fleets as opposed
to traveling through airport hubs. Corporations and individual businessmen see the following
benefits in owning their own plane or fleets:

• Time-saving, through fewer unscheduled delays
• Increased productivity, as employees can work in complete privacy
• Control of all aspects of the travel plan
• Accessibility to more remote destinations than airlines
• Full control of fleets and maintenance
• Enhanced company image

These benefits are also the cause of growing popularity in VLJs. The market is exhibiting an
increase in VLJ sales partly due to the use of jet charters by business passengers avoiding the
hassles of airline flight as well as the affordability of these jets. "Aviation as we've seen it
traditionally is going away," FAA spokesman Greg Martin told USA Today. “Travelers see time
as valuable and expect the market to provide flexibility in terms of cost, service and flight
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schedules.” While concerns center on the overcrowding of the airspace system, the fact is that
thousands of airports across the country are currently underutilized. VLJs are a viable option for
the development of rural airports and the creation of economic opportunities for those regions.

The following statistics support the need to invest in air transportation advancements as well as
the infrastructure to support it.

• Civil aviation contributed more than $900 billion and 11.3 million jobs to the U.S
economy in the year 2000, at least 9 percent of the total U.S. GDP of $9.9 trillion; of this,
one dollar in nine is contributed by general aviation.

• Aggressive investment in air transportation infrastructure would reduce projected 2012
passenger delays by 64 million hours or 25 percent. Critically, every dollar of investment
would generate as much as $5 in economic benefits to the U.S. economy. This investment
would also need to incorporate less utilized airports that border metro areas.

• As a result, business operations would become more efficient, costs would be reduced
and U.S. international competitiveness would increase, particularly in aviation (including
air cargo) and in tourism, thereby increasing economic development.

The aviation industry generates jobs, economic opportunity and has become critical to Texas’
economy. The following recommendations by the Aerospace and Defense Cluster will promote
investment in light jets and the expansion of air transportation infrastructure:

1) Allocate state funding to invest in airports that have runways to accommodate jet
landings. Airports need to also serve as logistic hubs for revenue generation and
include services for commercial travel.

2) Include in Texas’ Economic Development strategy the need to recruit companies that
are investing in microjet technology, manufacturing and sales of final product. Texas
has the infrastructure to support these companies.

3) Focus on building a workforce pipeline that will support the microjet marketplace.
Skills include mechanical engineering, aviation technician, maintenance, repair and
overhaul (MRO). Robotics, information technologies and telecommunications
systems such as navigation, satellites and global positioning systems (GPS).

4) Encourage partnerships with nanotechnology and composite technology companies to
aid in the advancement of the microjet market.

The Texas Aerospace and Defense Cluster team will support the initiatives of building
infrastructure to support business expansion, technology development and the marketing of VLJs
as a cost effective solution to air travel.

Sources:
www.faa.org
Matthew Wald. Envisioning the Day When the Skies Will Teem with Air Taxis. June 19th, 2005.
New York Times.
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II. Maintenance, Repair & Overhaul (MRO)

A. MRO Industry Trends, Growth Projections and Market Opportunities
1) Commercial MRO trends toward outsourcing will continue in the coming years

(2005-08) with the exception of line maintenance
Outsourcing trend by major category

• Airframe  61-70%
• Engine   82-89%
• Components  66-70%
• Line  31-30%
• Modifications  48-53%

2) Top 3 reasons for this trend in commercial:
• Airlines are focusing on core competencies & getting away from non-strategic

capabilities (primary reason)
• Cost reduction & savings are required by all major carriers and providing their

own MRO capability is not cost effective
• Service and quality become even more difficult as fleets age.

3) Top commercial improvement initiatives
• Strategic sourcing, supplier partnering
• Lean process redesign
• Enhanced employee education & training

Implications/results of these trends
• Globalization of the commercial MRO market is enabling domestic airlines to

move work to cheaper offshore locations.
• Commercial US airlines, forced to reduce costs, outsource first to domestic

MROs and then to low-cost offshore providers
• High labor content to Latin America
• High technology (wide-body) to Asia

4) Both carriers and commercial MROs continue to place emphasis on cost cutting due
to ongoing financial crisis in the airline industry

• Basic capabilities are more important to carriers than enhanced service
offerings

• Increased price competition has caused significant deterioration in margins for
both carriers and 3rd party domestic providers

• As commercial MROs see their business moved offshore, they are likely to
seek new opportunities in the military market and other non-traditional areas

5) Military MRO spending is greater but slower growing than commercial
• 2005-2009 spending will grow from $53B to $57B
• 50/50 rule (Title 10) will limit continued expansion of outsourcing in some

platforms/services
• Growth and profitability of MRO segments varies significantly with US

Military MRO being among the slower growing but most profitable segments.
• Engine MROs have been successful sustaining high margins
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• Profits in commercial airframe MRO are much lower than in military
• OEM touch labor rates approximate $85/hr, commercial MRO range from

$54-$40

Size of MRO market for different platform types
Fighter/attack $11.7B Rotary wing $6.5B
Transport $3.5B Special mission $2.7B
Trainers $1.2B Tankers $1B
USAF $14B Army $4.3B
Navy $5.8B USMC $2.7B

• From a high-level overview, the four most attractive markets are heavy
transport, fighter/attack, tanker and rotary wing.

• With quality and reliability remaining pre-requisites, future contracts will
likely be competed based on cycle time and price.

B. Defined Technologies – Foundation and Supporting
To perform MRO work, both foundation technologies (avionics, powerplant, etc.) and
supporting technologies (supplier management, strategic sourcing) are required. All impact
the business segment. The opportunity exists to create as many jobs in supporting
technologies as in the core MRO business. This broadens the potential for academic and
governmental support as well as the opportunity for local/regional consortia to make an
impact. The technologies and skillsets are listed below.

Avionics & Electronics Aircraft Mechanic (A&P)
QE inspectors 3-D modeling & imaging
Workscoping & assessment Tooling, equipment & resources
Performance measurement Technical support
Dangerous goods/hazardous materials Supply Chain
EDI Warranty
Lease and contract reporting MPD Tasks
Aircraft work packaging & planning Application software and hardware
Defect reporting Component and part scheduling
Aero, structural, production, manufacturing, electronic engineering
Materials, production, warehouse, supplier and logistics management

C. Market Opportunities
Possible projects and technology applications or opportunities related to the market segment
include the following:

1. Supplier parks contiguous with major MRO / production facilities
2. Technology demonstrators, applying leading edge technology in 3-D modeling to

expedite MRO and create efficiencies
3. Collaborative endeavor to adopt lean supply chain and manufacturing processes to assure

improvement across the entire value chain (requires deployment of lean manufacturing
concepts / practices into tier 1, 2 and 3 suppliers across the industry)

4. Resource/competency clearinghouse to enable exchange of talent during re-
structure/downsizing; intent to promote employment stability/continuity in the industry
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5. Start-up assistance for new or emerging 3rd party MROs
6. Governmental assistance to existing domestic carriers / 3rd party MROs to keep work on-

shore
7. State/regional financial support of existing MRO operations (Kelly USA) to prevent work

being pulled back into military depot’s
8. Support existing military depots in Texas

D. Recommendations for Resource Allocation and Economic Development Strategy
1) Re-emphasize math and science concurrent with aerospace related engineering and

technical degrees. Possible consortium of aerospace and defense companies to enable
sharing and joint outreach into the schools to engage students and interest them in the
aerospace and defense industry

2) Emphasize manufacturing and production engineering needs
3) Adopt best practices for logistic and supply chain management including all

manufacturing needs and stages
4) Create programs for cross training of MRO employees
5) Offer incentives or matching investment funds for industry representatives that

modernize or re-design processes for competitive manufacturing
6) Work directly with workforce agencies and academia to ensure mechanisms in place

to identify qualified workforce and support (non-engineer/mechanic) positions.
Significant numbers of support personnel are not “degreed professionals” but
transfers that have migrated into professional roles from the shop floor

7) Industries need to adopt competitive fulfillment and supply chain models to ensure
Texas remains competitive and avoids offshore relocation of operations
• Reduce operating costs - utilities, insurance, workers compensation, local & state

taxes
• Maintain a skilled available workforce
• Recruit more tier 1, 2 and 3 suppliers to locate in Texas and make MRO and

OEM supply chain more viable
8) Need to make aerospace and defense an attractive industry again through capturing

students imagination and demonstrating a commitment to building careers in this
industry

9) Support industry efforts to create a positive image and dispel past negative
representation in order to attract bright science, math and technology students. Extend
an outreach campaign, at least at the state university level, in collaboration with
aerospace and defense industry participants.

Source:  Mercer Consulting, Mike Higgins.  Dallas, TX
  KellyUSA, Bruce Miller.  San Antonio, TX
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III. Unmanned Aerial Vehicles (UAVs)
The UAV industry in Texas is promising to expand and advance not just in terms of military
applications in aerospace and defense, but through the incorporation of technology that will
promote other market opportunities for the public and private sectors. Products that incorporate
guidance systems, autopilot solutions, precision control technology and real-time mission
programming are part of the UAV market segment. Historically, UAV solutions have been used
mostly in war zones. In fact, according to the U.S. Office of the Secretary of Defense, UAVs or
drones have been part of military operations since 1917. It is likely that the Department of
Defense (DoD) alone will spend $10 billion by 2010 on UAV and UAV-related technologies and
will quadruple its use of UAVs in the field. As the awareness of market opportunities in UAV
technology expands, so does the investment into the establishment of new companies and
applications. Federal agencies such as the Department of Homeland Security’s Border Patrol are
pursuing the use of UAVs to meet their mandates for security and surveillance. In the private
sector, energy, transportation/shipping, agriculture and environmental agencies are also
interested in the utilization of UAVs.

The following chart highlights the UAV market value forecast over a 10-year period (2006-
2015).

R&D 35%

Production
46%
Support
19%

Source: US UAV Market Forecast 2006-2015,
http://www.moireinc.com/MoireUAVMarketFeb2005.pdf)

States such as California, Maryland and Virginia currently own the greatest share of the UAV
market. Currently, Texas has approximately a dozen UAV companies located throughout the
state. As a state, Texas is ideally situated for border and Gulf of Mexico UAV-related activities.
The state also has three spaceports and over three hundred general aviation airports that could
serve as testing sites. There is market growth potential in the opportunities outlined below and
Texas should aggressively pursue this market.

Market Growth Opportunities

1) Incorporate strategy to attract UAV companies to locate in Texas into the state’s economic
development plan.

2) Support current UAV companies in their growth and expansion strategies
3) Support private UAV companies to establish a center for testing and training
4) Work with military installations throughout the state to support their UAV efforts

10-year Market Value,
$54.5B
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5) Support Access Five, an industry-government project to create a system that would support
UAVs in National Air Space (NAS)

6) Support higher education projects involved in UAV related matters
7) Foster state and congressional support
8) Become a national leader in implementing Department of Homeland Defense initiatives

utilizing UAV technologies for border and port protection against terrorist threats
9) Provide support and assistance to UAV companies in working with the FAA to secure

flight clearances on the three Texas spaceport facilities

Not simply about manufacturing vehicles, UAV additionally presents opportunities for Texas to
play a major role in attracting research and development. Supporting the cluster also presents
opportunities to recruit payload providers, support equipment, services such as training and
MRO, flight services and integration.

With a strong forecasted growth, Texas should promote the adoption of UAV research,
manufacturing of product and market expansion in terms of attracting companies, suppliers and
vendors to support the growth. The Aerospace and Defense Cluster Team strongly recommends
the building of opportunities in the UAV market space. UAV opportunities should be
incorporated into the state’s economic development plan as a target market. In conclusion Texas
can play a part in manufacturing, surveillance, training and testing for the UAV business.

Sources
Document prepared by the Economic Development and Tourism division’s Office of Aerospace
and Aviation.

http://www.acq.osd.mil/usd/uav_roadmap.pdf Department of Defense Roadmap for Developing
and Employing UAV’s and UCAV’s (Unmanned Combat Aerial Vehicles) over the next 25 years
(2002-2027).

www.moireinc.com/MoireUAVMarketFeb2005.pdf  U.S. UAV Market Forecast 2006 – 2015.
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IV. Space Industry – Our Role in a New Era of Space Exploration

A. Window of Opportunity
There exists today, a finite window of opportunity for the state of Texas to launch its
space industry on a path of growth toward diverse economic impact and relevance. This
opportunity is defined by the nation’s new Vision for Space Exploration combined with
the unique capabilities and expertise of the Johnson Space Center and supporting space
industry. The timeframe is defined by the terms of a visionary Texan in the White House
and a new NASA Administrator who is both committed to the vision and to drawing on
the traditional roles and strengths of the NASA Field Centers to achieve it.

The Vision for Space Exploration provides a roadmap for extending sustained human
operations and research on distant planetary bodies – the Moon, Mars and beyond. This
significant step takes human space flight from short-term sorties intended to demonstrate
and evolve our capability to explore, to the establishment of complex research and
habitation settlements to support long-term operations.

B. Innovation, New Technology and Partnership
The mission, capabilities and expertise of the Johnson Space Center, and its supporting
space industry, position Texas to play a significant role in the development of spacecraft,
systems, technologies, methodologies and missions to carry out the vision. However, the
highly specialized nature of the mission of the space community has tended to isolate it
somewhat from other key industries across the state. To successfully meet the objectives
of the vision, this must change.

This new era of human space exploration calls for a broad range of industry expertise,
technology and resources to address new challenges in the areas of energy, life support,
medical research, transportation, robotics, communication and education. Combined with
the unique core competencies of the current space industry, the state of Texas offers the
experience, infrastructure and expertise to address these challenges and, in the process,
develop a highly diversified, highly integrated new space development industry for the
future.

Texas is uniquely positioned to seize this opportunity. The state can establish itself as the
incubator for a new space development industry that focuses on the application and
development of human productivity, ingenuity and capabilities in space. This emerging
industry has potentially broad economic roots in the state of Texas based on the broad
spectrum of expertise and resources that are required to research, develop, test, plan and
execute human activities in space.

C. Action Plan
The state of Texas must adopt and aggressively pursue a strategy to:
1) Ensure full support and funding for the Vision for Space Exploration
2) Firmly establish the Johnson Space Center as the lead NASA field center for all

human space operations (spacecraft, systems, technologies, missions and
methodologies)
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3) Create a business environment that encourages the growth of a highly diversified
space development industry through legislation, communication, education and
collaboration among the key industries in the state

4) Provide state-level leadership for the development of policies, resources, institutions
and opportunity for the space development industry in Texas – a state-funded and
chartered Space Commission

Sources:
Jeffrey Carr, United Space Alliance
Michelle Brekke, NASA/JS executive on loan to the Houston Technology Center
Marie Dalton, Executive Vice President, San Jacinto Community College Aerospace Academy
Harry Erwin, NASA/JSC executive on loan to the Bay Area Houston Economic Partnership
Bob Mitchell, Bay Area Economic Development Partnership
Dudley VanNess, CenterPoint Energy

V. Homeland Security Market Assessment and Business Opportunities in Texas

A. Homeland Security Industry Trends
September 11, 2001 brought homeland security to the forefront of the public’s attention.
The commitment at a government level to secure the borders across the U.S. has created
the emergence of a homeland security marketplace. Opportunities to develop more
advanced technologies and create a workforce of specialists fall in four critical areas:

1) Emergency Preparedness and Response
2) Protection of Critical Infrastructure and Major Information Networks
3) Border Control, Transportation Security
4) Chemical, Nuclear and Biological Response

A focus on homeland security strategic planning is touching all regions of Texas. The
rapidly changing landscape creates opportunities for Texas’ business to access new
funding sources and gain the technology expertise needed to overcome internal and
external threats on America. Texas has won and will continue to win defense contracts
and grants for innovation and product development. This will have a high impact on the
creation of an advanced workforce, ability to attract and retain quality companies and the
validation to invest in critical infrastructure.

B. Technology and Key Market Opportunities for Homeland Security in Texas
Texas has a history of producing quality products in aviation, security and defense.
Materials, hardware, tracking applications, vaccine and diagnostic science, aircraft fleets
and ammunition have been designed and produced in Texas for decades. Some of the
technologies that are and will continue to produce market opportunities include:

• Detection and Sensor Network Systems for Weapons of Mass Destruction (WMD),
bombs, foreign substances

• Database Analysis and data mining for pattern and data recognition
• Critical Infrastructure design and construction. Includes telecommunications,

information technologies (IT), physical barriers and technologies to protect buildings,
inventory, government fleets
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• Secure Identification and Recognition Technologies include biometric technologies
(finger, optic, physical), behavioral characteristic technologies (profiling, voice,
gestures)

• Advanced Material Sciences for developing better, smaller and cheaper WMD
sensors, aircraft technology and human applications

• Medical and Biosciences to ensure the best pre and post hazardous event management

In 2004, Governor Rick Perry announced that 544 Texas jurisdictions would receive $54
million dollars in First Responder Equipment Grants from the Office of Domestic
Preparedness (ODP). Jurisdictions are awarded grant funds based on proposals outlining
needs and vulnerabilities. Texas HB 9, 78th Legislature, gives Governor Rick Perry the
authority to oversee homeland security grants and fund proposals, administer emergency
and security programs and provided the strategy to establish an advisory group, Critical
Infrastructure Protection Council. Also included in the bill are protection guidelines
Texas’ 254 counties, critical infrastructure, emergency response plans, vulnerability
assessments, information technology assets and a resource of Texas’ primary expertise in
homeland security.

C. Near-term Projects
1) Design of educational programs and core curriculum to produce a trained workforce

to address current and future homeland security skill needs.
2) Create a resource bank to identify major agencies, companies and academic programs
3) Create a sub-committee of the Aerospace and Defense Cluster team to outline

opportunities

D. Long-term Projects
1) Target companies with technologies and assets to support market segment objectives

Examples include: information security, medical science, sensors
2) Identify companies and or labs where technology is being commercialized
3) Establishment of a Texas Homeland Security Center of Innovation.

E. Recommendations for the State of Texas
1) Educate regional economic development leaders about homeland security activities

and agencies. Communicate the need for regional planning and compatible
technologies in case of an emergency

2) Forecast workforce skills in the state economic development strategic plan
3) Foster entrepreneurial efforts for technology innovation and commercialization
4) Aid Texas-based companies with letters of recommendation, matching funds, tax

incentives for purchases of equipment and workforce training
5) Fund and market procurement conferences, leadership networks and data resource

banks of federal agency activity for Texas business development

Sources:
Governor’s Cluster Committee for Aerospace & Defense, 2005
Texas Homeland Security Alliance, 2005.
Texas State Technical College (TSTC), 2004.
Department of Public Safety, Governor’s Division of Emergency Management, State
Coordinator, Jack Colley.
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Department of Homeland Security. www.dhs.gov
Office of the Governor, Office of Homeland Security www.governor.state.tx.us

8.5 - Summary and Next Steps
In summary, the Aerospace and Defense Cluster has an opportunity to grow and be a recognized
global competitor. This objective will take the dedication of all parties – government, industry,
associations, non-profits and academia to determine what is the best allocation of state resources,
what cluster strengths should be leveraged for economic prosperity and the execution of a
statewide economic development plan. This assessment has focused on core issues to address
strengths, weaknesses, opportunities and threats within the Aerospace and Defense Cluster. The
interests of the regions have been brought to the attention of state and industry leaders. The
execution phase of the cluster initiative should incorporate a commitment to strengthening the
business climate, demonstrating commitment to commercialization strategies, allocating
resources to growing the next generation workforce and driving investment into new
technologies and companies.
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9 – Cluster Team Acknowledgements

Special acknowledgement is hereby given to the Texas aerospace and defense industry cluster
team chaired by Roger Williams, Bell Helicopter, Site Leader, Amarillo Assembly Plant. Cluster
team members include the following:

Cluster Team Members Organization
Shellie Aguillera Lockheed Martin
Rafael Brisita Alamo Community College District
Marie Dalton San Jacinto Community College,

Aerospace Academy
Blair Bisbey Seale, Stover and Bisbey
Jeffrey Dodson The Boeing Corporation
David Duggan Geneva Aerospace
Mike Higgins Mercer Consulting
Chris Holland United Space Alliance
Sandra Johnson Barrios Technologies
Col. Bill Looke Governor’s Office of Economic

Development and Tourism
David Lund Texas A&M University
Bruce Miller KellyUSA
Russell Moore Raytheon
Judy Northup Vought Aircraft Industries, Inc.
Margaret Rabbitt SITCA, Texas Homeland Security Alliance
Dennis Reed Raytheon
Jim Reinhartsen Bay Area Houston Economic Partnership
Dudley Van Ness CenterPoint Energy
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1 – Executive Summary and Recommendations

1.1 – Overview of the Texas Biotechnology and Life Science Cluster Assessment
The Texas Biotechnology and Life Science Cluster is part of an intensive effort to bolster and
exploit Texas’ competitive advantage in six technology areas – each identified as key to the
state’s future economic growth. This report summarizes an in-depth statewide assessment that
involved more than 250 people from every segment of the industry and every region in the state.
We use this report to discuss the importance of biotechnology and life sciences to Texas’
economic future, Texas’ position – the “Right to Play” – in these industries and how Texas can
succeed in building strong economic growth and create new higher wage jobs – the “Right to
Win”. Further details are provided in the Appendices of this document.

Biotechnology and Life Science Cluster — Opportunity for Job Creation
The Texas Biotechnology and Life Science Cluster is robust and well positioned for
exceptionally strong economic expansion. Including disciplines, markets, products and services
that draw primarily from biology and the life sciences, it is a broad industry. It ranges from
pharmaceuticals and medical devices to agriculture, oil spill and toxic waste remediation, marine
and fisheries, and biohazard sensors to renewable energy sources.1 All of these fields represent
dynamic, growing industries that will significantly impact economies across the globe and
benefit lives not only in Texas, but on every continent.

The biotechnology industry is a vast field with much potential. According to the U.S.
Department of Labor Employment and Training Administration website: Industry revenues more
than quadrupled from $8 billion in 1992 to $33.6 billion in 2002. (Ernst & Young) The life,
physical, and social science occupations group is one of the top five occupational groups that has
the highest projected percentage increase in employment between 2002 and 2012. Employment
in the life sciences is expected to grow by 18%, led by a 19% increase in biological scientists.
Biological technicians are also expected to increase by 19%. (U.S. Bureau of Labor Statistics)
Employment in pharmaceutical and medicine manufacturing is projected to increase by 23%
between 2002 and 2012 (U.S. Bureau of Labor Statistics).

Sound reasoning and facts support the drive for Texas to become a dominant player in the
biotechnology and life sciences industries. Not only does Texas boast of the world’s largest
medical center and the world’s capital of human space flight, Texas also is home to outstanding
technology, agricultural colleges and medical schools, engineers and scientists.

                                                
1 Though direct patient health care delivery is one of Texas’ major and most important industries, it is not included
for the purposes of this industry cluster grouping.
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Nationally, Texas ranked in the top 20 states for producing patents in medical equipment and
medical electronics, pharmaceuticals and biotechnology in the past seven years. Over the past
five years, the biotechnology industry in Texas has experienced growth of 149% compared to the
previous five years. Texas has doubled its funding from the National Science Foundation over
the past ten years. Since 1993, Texas has received $6.4 billion for research and development
within the life science and biotechnology fields, 10.2% of which was used for infrastructure. Add
to that, between 2000 and 2004, $360.8 million of private sector funded research and
development has occurred in Texas. Texas is primed for expansion and global competition
within biotechnology and life sciences.

1.2 – Recommendations
Life science companies and institutions in Texas need to be able to quickly adapt to change. This
agility will enable them to rapidly leverage present and future opportunities to sustain research,
to bring new products to market readily, and to leap ahead of competitors. Texas must finalize
and then quickly execute a strategic plan for the biotechnology and life science industry that will
translate these recommendations into results. Emphasis must be placed on implementation –
regional champions should come together to advocate an action-oriented statewide plan leading
to long-term economic and societal benefits for Texas.

The issues below are a distillation of the recommendations of the Texas Biotechnology and Life
Science Cluster Initiative assessment. These recommendations aim to identify significant and
primary statewide issues that may either hinder or enhance a vigorous and growing
biotechnology and life science industry in Texas and suggest actions that promote robust growth
and job creation.

Each issue identified here is significant in that if addressed appropriately and adequately by
itself, it can create a sizable boost in Texas’ capacity in the biotechnology and life science
cluster. Each issue is primary in that individually they are foundation stones on which the
biotechnology and life science cluster development must necessarily stand. Each issue presented
here is also “actionable” by state government — that is, steps taken by state government either
through legislation, appropriation, advocacy or executive action can improve circumstances.
Together these recommendations represent real, substantive goals to boost the biotechnology and
life science cluster in Texas and our position nationally and internationally in these industries.

1. Designate a Regional Center of Innovation and Commercialization (RCIC) for the
Biotechnology and Life Science Cluster.
Commercializing biotechnology requires Texas to build an environment to sustain it. One
clear avenue to acknowledge the unique needs of this cluster opportunity is through the
Texas Emerging Technology Fund (ETF) and the Regional Centers of Innovation and
Commercialization (RCIC) that will be developed and designated.

ETF will provide some of the funds and a system to identify and develop competitive
enterprises that will help keep Texas in the global competition. The RCICs can connect the
private sector and institutions of higher education to build on successes. From research and
development to incubators for start-ups, to existing companies commercializing their projects
and workforce training for employees – the centers will generate opportunities for many.
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Texas needs an RCIC designated for the biotechnology and life sciences cluster to ensure it
can compete and win in the global marketplace.

2. Increase the identification of federal and private technology development grants for the
Biotechnology Cluster and ensure that Texas gets its fair share of grant funds.
The ETF component to match Biotechnology research grants awarded by federal or private
sponsors will help Texas researchers better compete for out-of-state dollars because sponsors
know that their contributions will have double or more the impact.

3. Further develop Texas public universities as world leaders in biotechnology and life
science research.
ETF earmarked funds for biotechnology and life sciences will help attract more renowned
research teams to lead company creation, expansion and relocation from the Texas-
developed research and increase commercialization coming from Texas universities.

4. Expand and support biotechnology curriculum and training programs in high schools
and two and four-year colleges.
This includes not only specific curriculum but also the equipment and teachers, internships
and externships needed for such education and training.

5. Increase awareness of science literacy and training for students, teachers and the public
particularly for grades K-12.
Problems of attracting and keeping students in science fields must be addressed in
elementary and secondary schools. Primary science education must build upon students’
innate curiosity and interest in science, engineering, and technology fields and foster the
ability to digest and use information, not just demonstrate their ability to re-iterate “facts”. It
is during the elementary grades that students begin to develop the basic skills and grounding
that will allow them to become the technicians, engineers and scientists of tomorrow, as well
as the leaders and communities who oversee and vote upon the funding and use of
technological advances.

6. Nurture the Biotechnology and Life Science Cluster as an identified target industry for
the state, this cluster offers significant and quantifiable economic benefits to the state.
The Biotechnology Cluster Team is committed to providing the insight, direction and
experience to identify and grow this sector for Texas. We welcome the opportunity to
provide the leadership and collaboration necessary to accomplish this goal for the state.

7. Promote the Biotechnology Cluster with an ongoing state-run communications
campaign both outside and within Texas to recognize the value of this cluster to the
Texas economy.
This affects Texas at many levels: attracting and keeping talented researchers and research
dollars; leveraging intellectual property, communicating and preparing students for career
opportunities in biotechnology and life sciences; building vibrant networks of researchers,
entrepreneurs and their stakeholders and growing the cluster itself.
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1.3 – The Texas’ Biotechnology and Life Science Team
The Texas’ Biotechnology and Life Science Cluster team was convened in May 2004 to guide
this comprehensive, competitive assessment of the industry cluster and to recommend the
allocation of state resources. The team represents a broad cross-section of public and private
sector stakeholders from around the state and includes individuals who represent the core
functions, products and technologies within the cluster.

The team will continue to monitor the competitiveness of the biotechnology cluster and will
recommend ways to coordinate activities within the state to efficiently react to opportunities and
threats affecting the cluster. The team will also work to increase the capacity for innovation,
thereby accelerating the growth of the cluster. Through their contribution to implementation
along with longer-range planning, the team will assist in the retention, expansion and recruitment
efforts of the biotechnology and life science cluster.

The Biotechnology and Life Science Cluster team acknowledges the work, report and
recommendations made by the Governor’s Council on Science and Biotechnology Development
convened in 2002. Several members have served on both initiatives. Many of the
recommendations from the Governor’s Council have received attention and been resolved over
the past two years, while others continue to require attention and served as the basis for
discussion within the cluster team and throughout this statewide assessment process. A summary
of the findings of the Governor’s Council on Science and Biotechnology including the
recommendations is included in Appendix F.

2 – Summary of Findings

The “Right to Play” Biotechnology and Life Science in Texas are Robust High Growth
Industries
This assessment was driven by an extensive analysis of the Texas biotechnology and life science
industry. This process included research of both a quantitative and qualitative nature, including
direct input from statewide representatives on the Biotechnology and Life Science Cluster team,
an electronic survey, interviews, and regional forums with key members of the Texas
biotechnology and life science community. More than 250 Texans helped shape the following
general findings and subsequent recommendations found throughout the report.
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Initial Findings from Quantitative and Qualitative Sources
Issue Description Example

Value Chain While the number of commercial entities continues
to grow, the recruitment of appropriate value chain
elements has not matched the completion of a
cluster dynamic for critical mass.

State and regional economic development plans
lack an understanding of the current and
emerging vendor-supplier chains for industry
growth.

Resource
Application

Analyzing the current discovery-development-
delivery process in the Life Science Cluster has
identified a few shortfalls in Texas’ approach to
cluster development.

There is a lack of appropriate means for
prioritizing how resources are currently engaged
to address opportunities and threats in academia,
industry and the public sector.

New Approaches
to Capital
Formation

New approaches to capital formation are necessary
particularly for gap funding for start-up/enterprise
development and to increase the success and
growth of biotechnology firms.

Examples of new approaches include leveraging
economic incentives, resource allocation,
unlocking dollars in pension and other funds for
increased investment in the life science
commercialization arena.

Human Capital Opportunities abound for experienced senior
management to lead start up biotech enterprises to
ensure growth and expansion. There is a poor
provision of interlocking skill and career pathways
for students and adults to meet the future demand
in a responsive public workforce delivery system.

Talented biotechnology and life science
managers gain valuable experience on one of the
coasts and chose to relocate or come home to
Texas. There is a lack of articulation agreements
between post-secondary institutions. Linkages
for career development among degree-providers
are ill-defined.

Federal Funding Texas has attracted over $25 billion in federal
funds – some $7 billion in life science alone – yet
competitor states have created unique measures to
ensure they never leave any dollars on the table in
Washington.

Texas needs to agree upon an organized federal
funding and overall resources development
strategy similar to activities in California,
Massachusetts, and Georgia.

Infrastructure Although the nine million square feet of research
and delivery space is competitive, Texas’ lacks
specific infrastructure in the next stages of cluster
activities to attract world class talent and dollars.

Flexible “Wet Lab” space, commercialization
space proximate to research centers of
excellence; manufacturing and bioprocessing
facilities are needed.

Leveraging
Strengths in
Clinical Trials

Texas has long been a national leader in
conducting clinical trials, especially in the cancer
sector. With infrastructure, facilities, investigators,
thought leaders, and a genetically diverse large
population, Texas is likely to maintain that
leadership.

Texas can use this leadership position to build
the relationships necessary to accelerate the
growth of the biotechnology cluster and job
development through a more focused
opportunity identification process and a global
network.

Increased
Connectivity

A new tool should be created to address the gap in
knowledge-sharing among researchers, principal
investigators, technologists, innovators, and
investors and across regions in the State.

There is no current tool or mechanism to
leverage region-to-region scientific,
technological, nor economic advantages.

Branding and
Positioning

Branding and positioning is needed to
communicate to students, workers, legislators,
policy-makers, and economic developers, as well
as external interests and global markets.

Texas needs to increase the awareness of the life
science industry as a major driver of economic
and societal benefits, while promoting its current
and emerging advantages, assets and people.



8

3 – Cluster Definition

The NAICS (North American Industry Classification System) measures business activities based
on key employment and wages related to traditional and emerging sectors. These identification
codes assist in measuring performance at the state and county levels on a quarterly basis and
provide comparisons across several years. Thus, by combining the appropriate mix of NAICS
codes, one can model the clustering of economic and business results from the interplay of
collaborating firms, institutions, and organizations. For the biotechnology and life science
cluster, the following NAICS codes were selected:

Table A NAICS Codes Used for Biotechnology and Life Science Cluster Assessment i

NAICS Industry Name 2003 TX Employment
3254 Pharmaceutical and Medicine Manufacturing 8,997
3345 Electronic Instrument Manufacturing 19,533
3391 Medical and Dental Equipment Manufacturing 13,474
5413 Architectural, Engineering, Testing Lab Services 110,303
5416 Management & Technical Consulting Services 47,656
5417 Scientific Research and Development Services 17,458
5419 Market Research and Other Professional Services 32,546
6215 Medical, Diagnostic, Laboratories and Imaging Centers 13,042

These selected sectors assist in identifying employment and wage patterns at a macro-level, and
often include a number of industries and cross-cutting interests. When defining a cluster, in
addition to primary cluster activities such as biotechnology, life science, plant-animal research
and development, one must also include secondary cluster activities such as medical devices,
professional services, testing and laboratories. Other sectors which have an impact on
biotechnology and the life sciences that are not represented in this count, but are considered
relative to the growth of a competitive cluster, are legal services, accounting services, investment
services, certain elements of academic institutions, and chemical preparation and manufacturing.
To strengthen the definition of the cluster, Table B illustrates the link between overall
employment and the occupations driving the development of the biotechnology and life science
cluster.
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As of 2004, over 75,000 individuals are employed in the biotechnology and life science cluster
throughout Texas, with an average wage ($48,000) nearly double the state average
(approximately $25,000). Some occupations are three or four times the state average, signaling
that the industry attracts high-wage, high-value positions in addition to providing opportunities
for high-school, community and technical school graduates with competitive salaries. (Table B)ii

Table B
Conservative Estimate of 2004 Employment and Average Wages by Select Life
Science Sub-Sector Occupations
Life Science Sub-Sector 2004 Employment 2004 Average Wages
Biomedical Engineers 100 $  48,119
Biochem/Biophysics 547 $  63,768
Microbiologists 1384 $  46,138
Medical Scientists 2426 $  52,063
Life Scientists 336 $  48,486
Environmental Scientists 5150 $  46,444
Epidemiologists 267 $  43,378
Biotech Teachers, Post Sec 3976 $  61,935
Pharma/Medical Manufacturers 9070 $  34,943
Pharma/Medical Researchers N/A $  64,435
Natural Science Managers 2466 $  81,092
Biological Technicians 2869 $  31,360
Life/Physical/Social Science Techs 6971 $  24,696
Veterinarians 2403 $  66,518
Health Diagnostic-Testing 7390 $  65,965
Medical/Clinical Lab Technos 8497 $  42,314
Medical/Clinical Lab Technician 9449 $  23,097
Medical Record and Health IT 9263 $  23,954
Mathematician related to Health 51 $  48,000
Envi-Sci and Protection Techs 2884 $  36,633
Totals Employ & Average Wage 75499 $  47,666
Texas Total Employ/Wages Not Applicable $  25,931

Texas possesses a growing number of companies and institutions that increase the likelihood that the
state can emerge as a global competitor in the biotechnology and life science industry. While the
biotechnology and life sciences industry cluster does not yet generate the number of jobs of more
traditional industries, current trends indicate that this cluster will grow rapidly.



10

The Biotechnology and Life Science Cluster assessment focused on regions in Texas with the greatest
concentration of cluster employment. This map shows the Biotechnology Cluster in Texas with each
dot representing an employer with 5 or more employees that operates in the core biotechnology
businesses. Core business is defined as those employers who provide services or applied research or
manufacture goods in the biotechnology and life sciences industry.

Figure 1  Core Employment in the Biotechnology Clusteriii
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Workforce Support
Within the sectors of the Biotechnology and Life Science Cluster are the positions and job
characteristics that comprise one of the fastest-growing employment opportunities for Texans.
Although Table B (on page 10) provides only a sample of the fifty to sixty different types of jobs
within the cluster, conservative estimates of the overall employment picture suggest that a broad
range of Texans will benefit from the increased vibrancy of the cluster.

Of further importance is the background education required to obtain a position in these core and
supportive positions. Not every job requires a four-year college degree, much less a graduate or
post-doctoral certification. Ranging from high school and community/technical colleges to
graduate programs, the opportunities for increased job growth will demand skills and
competencies from every region in the state.

As well, the cluster offers transformative job opportunities – positions that might be shrinking in
traditional sectors that could be transitioned into the biotechnology and life sciences sectors. For
instance, an individual with a background in chemical preparation from the energy sector could
find employment assisting in the formation of new compounds for drug manufacturing;
individuals with skills in information technology and engineering have significant opportunities
in medical devices and healthcare delivery.

Research, Education and Academic Capacity
This technology-intensive cluster requires a wide range of skilled workers – from community
college graduates to post-doctorates and everything in between.

• Texas’ academic research institutions and corresponding health science centers – not to
mention community and technical colleges – are locations of knowledge-creation in a
variety of scientific and technical fields. There are at least 55 specific biotechnology and
life sciences program concentrations at Texas academic institutions, according to the
Texas Higher Education Coordinating Board.

• In the past three years, curricula and courses have been launched in emerging areas such
as biomedical engineering, bioinformatics, genetics and proteomics, bio-manufacturing,
nanotechnology and materials related to medical devices. These new courses have
spurred additional certification programs at the post-doctorate graduate levels as well as
for individuals already in the workforce at more senior levels.
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Laboratories and Physical Infrastructure Resources
For over fifty years, regions throughout the state have sponsored, designed and constructed some
nine million square feet of academic-based healthcare delivery and life science research
facilities. A majority of the square footage is academic research space connected to or built in
conjunction with hospitals, clinics, and outpatient services. Over 7 million square feet of research
laboratory space have been identified in key scientific areas on Texas campuses. The
Biotechnology and Life Science Cluster is heavily dependent upon academic institutions to
discover and often co-develop the new products and services that result in economic and
business growth. Estimates for the end of 2004 and early 2005 suggest that an additional two
million square feet of research laboratory space will either be completed shortly or is planned to
be built in the near-term.

As a result of this significant investment in brick-and-mortar infrastructure – which came largely
from public sector and philanthropic sources – Texas is well positioned to advance its life science
research by devoting its future resources to unique programs, special facilities and equipment, and
the increased commercialization of new products and services.

4 – Competitive Landscape

Over the past twenty years – and especially in the last twelve – Texas has become home to
startups as well as operations from global pharmaceutical, biotechnology and other related life
science corporations. Many of these facilities and plants are located within proximity of the
academic campuses.

In this emerging industry cluster, the typical Texas biotechnology company is small in terms of
employment, although there are also a handful of very large firms that operate at the international
level. According to the U.S. Economic Census, in 2002 there were 791 companies manufacturing
biotechnology-related products in Texas, employing 25,526 people, for an average size of about 33
employees.iv



13

This map shows some of the breadth of Texas capacity – it is not intended to provide a complete
picture. The key message is that Texas is in a position to leverage several facets of this cluster
industry and identify targets of opportunity in order to focus resources most effectively.

Figure 2 Texas Biotechnology and Life Sciences Industries v
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Compared to other states, investment and market capitalization of the biotechnology industry in
Texas has not been quite as robust.  Table C. vi

Table C Investment and Market Capitalization

Biotechnology Activity in Selected States, 2003 vii

State #
Public
Firms

Market
Capitalization

Revenue
In Dollars

(Mil.)

R&D Net Loss
(Income)

Long &
Short-term
Investments

Total
Assets

In
Dollars
(Mil.)

Percentage
Change

from 2002

Dollars
(Mil.)

Dollars
(Mil.)

Dollars
(Mil.)

Dollars
(Mil.)

Dollars
(Mil.)

Texas 12 $3,076 -8% $166 $218 $205 $681 $992
California
    San Francisco
    San Diego
    LA/Orange C.

59
27
14

$95,906
$12,514
$83,900

99%
(4%)
26%

$10,327
$1,617

$10,148

$4,065
$1,024
$1,944

$678
$689

($2,308)

$8,649
$2,888
$6,361

$25,758
$6,242
$29,549

New York 15 $7,281 98% $446 $567 $583 $1,347 $2,346
Pennsylvania/
Delaware

11 $4,905 20% $831 $517 $293 $1,684 $3,136

New Jersey 27 $10,355 75% $1,181 $481 $243 $1,883 $3,816

N. Carolina 12 $4,861 30% $1,232 $254 $78 $497 $1,797

Intellectual Property growth in patenting in Texas generally outpaced the U.S. average from
1990 to 2003.

Figure 3 Intellectual Property Growth in Patenting in Texasviii
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Texas has received increasing amounts of unclassified research and development federal funding
over the past 7 years with a higher percentage going to the life sciences and biotechnology
second only to aerospace.  Figure 4.

Figure 4 Unclassified Federal R&D Funding to Texas by Tech Sector, 1993 – 2003ix

As Table D shows, Texas has consistently received significant amounts of federal dollars as
compared to other states.

Table D

Top States by Federal R&D Funding to Universities and Colleges, 2003
(millions of $) x

# State 2003 Funding % of Total*
1 California 2,726 12.8%
2 New York 1,670 7.8%
3 Pennsylvania 1,327 6.2%
4 Texas 1,833 6.0%
5 Maryland 1,303 5.8%
6 Massachusetts 1,196 5.6%
7 North Carolina 858 4.0%
8 Illinois 818 3.8%
9 Michigan 659 3.1%

10 Ohio 588 2.8%
*Total Federal R&D Funding for all States = $21,352 million.
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Clinical Trials
Texas is a leader in the national clinical trial activities for global and domestic pharmaceutical,
biotechnology and medical device firms. This depth of attracting and managing trials indicates
the state’s capabilities in scientific research.

Figure 5 Distribution of Active Clinical Trials in the U.S., 2005xi

The state’s leadership position in clinical trials needs to be leveraged to expand relationships
with industry conducting the trials, capture more of the intellectual property and facilitate
commercialization that will accelerate the growth of the biotechnology cluster in Texas.
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Investment
Trends in venture capital investments in Texas mirror those of the nation (Figure 6)xii, but there
have been disparities in venture capital trends within the life sciences (Figure 7).xiii
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As it did nationwide, venture capital investment in Texas dropped off significantly in the wake of
the economic slowdown that began in 2000. Total venture capital investment in Texas has yet to
bounce back significantly – it dropped from a high of $6.2 billion in 2000 to $1.2 billion in 2003
(Figure 8).xiv
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trend (Figure 8). Venture capital investment in biotechnology totaled $58.8 million in 2003, up
from an eight-year low of $32.1 million in 2000 (Figure 9).xv
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Realizing Economic Growth Potential and Job Creation in the Biotechnology and Life
Sciences Industries Cluster
To succeed, development and growth of an industry cluster requires:
• a critical mass of intellectual property and talent in the disciplines supporting the advancement of

the industries;
• a workforce trained to manage, manufacture and deliver the products and services;
• the physical infrastructure to support product development, manufacture and deliver;
• timely infusion of “smart” –capital money – especially early stage investments,
• start-up and mid-size businesses at important phases of growth; and above all,
• the awareness, advocacy and expressed will of investors, the public and government to support

the Biotechnology Cluster’s expansion.

Figure 10.  Requirements for Growing the Biotechnology and Life Sciences Cluster.xvi
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Texas has the resources and capacity to move to the next level of growth by focusing resources
and completing this strategic initiative through implementation.
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5 – Assessment Methodology and Approach

In order to engage a broad set of stakeholders and to capture their ideas regarding creating a
strategic plan for the Biotechnology Cluster, both high-level and grassroots activities were used,
including:

• an electronic online survey of state and regional innovation mindset
• interviews with sixty key stakeholders
• five regional forums
• ongoing legislative and policy discussion with the Cluster Team

The intent of this qualitative approach was to gain valuable insights, commentary and guidance
from over two hundred fifty practitioners, industry leaders and vendor-suppliers supporting the
growth of the cluster.

Through this approach, a series of recommendations were created for the Cluster assessment and
appendices of related documentation.

6 – Qualitative Data

6.1 – Qualitative Data - Survey of the State and Regional Mindset
An online survey was conducted to gauge the state and regional mindset in Texas. Of the 2,000
invitees, 440 responded (a 22% response rate comment). Detailed survey results are provided in
Appendix G. Key findings included:

• 58% of respondents participate in or were aware of activities to promote and grow
scientific, technological and economic outcomes in the life sciences.

• Only 33% of respondents were satisfied with the current pool of entrepreneurial
managers in the life sciences.

• 52% of respondents were dissatisfied with capital formation strategies in Texas.
• Only 41% of respondents were satisfied with Texas’ ability to attract scientists and

engineers, while only 37% were satisfied with prospects to retain them in the future.
• 55% of respondents were dissatisfied with K-12 math and science offerings, and an equal

percentage were concerned about the disconnect between such skills and the overall
workforce strategies of the state.

• A majority of respondents indicated a desire for an online portal or other similar tool to
connect common interests; 51% want to be connected to all things in capital and resource
formation (VCs, angels, federal and state, philanthropic).
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6.2 – Qualitative Data - Stakeholder Interview and Regional Forum Perspective
Sixty in-depth interviews were conducted, as well as 250 people participated in two-hour
regional forums in the Dallas/Fort Worth Metroplex, Austin, San Antonio, Lubbock and Greater
Houston/Gulf Coast areas. While a variety of viewpoints were expressed, it was clear from the
interviews and forums that a broad consensus exists for near- and long-term sustainable action.
The general recommendations focused on a few key issues:

• Improving and streamlining the commercialization process through centers of
entrepreneurial and innovation-focused counsel, guidance and collaboration.

• Increasing regional cooperation and state coordination (including identifying and
focusing on comparative advantages among regions and redressing regional disparities).

• Increasing and improving workforce development at all levels, especially in high schools
and community colleges (leveraged through industry/academia partnerships).

• Increasing funding for research collaborations, leveraging with federal grants, and
commercialization activities.

• Implementing a coordinated and aggressive statewide branding and marketing strategy.
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7 – SWOT(Strengths Weaknesses Opportunities Threats) Analysis

The Regional forums also reviewed and revised a SWOT analysis and the results follow. The
strengths, weaknesses, opportunities and threats assessment of the Biotechnology Cluster shows
the issues that Texas needs to address to move to the forefront of the biotechnology and life
science industries nationally and around the world.

With significant assets in human, plant, animal and marine research and discovery, Texas has
abundant basic and translational research – taking basic research and translating it to a
commercial opportunity – and resources on which to leverage its knowledge for a highly
competitive Biotechnology and Life Science Cluster. Yet the limiting factor for such success will
be the inability to link disparate assets and resources into unique and innovative approaches for
creating wealth, generating jobs, and ultimately growing the economy across a broader set of
stakeholders.

Strengths Weaknesses
• Existing research and healthcare facilities
• Lower cost of living
• Positive quality of life
• Non-state dollars: Foundations and private

wealth generous towards programs and
buildings

• Cohesive industry agenda
• Depth of knowledge in key research areas

attractive to Nobel prize and other award
recipients

• Awareness of the need for action among key
stakeholders, and the willingness to create and
implement innovative solutions

• Expertise in several key areas needs to be
focused and marketed

• Infrastructure is an asset to be leveraged
• Breadth and depth of patient base is a valuable

resource to be acknowledged.

• Venture capital unwilling to invest in the transfer of
biotechnology from the lab to the market

• Investors unaware of opportunities and potential
reward for investing in Texas’ biotechnology and
life science cluster

• Investment dollars missing for early stage enterprise
• Insufficient funding in certain school systems, at all

levels
• Legislative/Institutional barriers
• Missing a coordinated state strategy to develop

efficient technology transfer
• Regional competition overwhelms opportunity to

collaborate
• Need experienced senior managerial talent and

processes that facilitate commercialization of
technology by the private sector

• Lack of focus on competitive advantages - Texas
tries to be all things to all people

Opportunities Threats
• Significant long term and rapid growth in life

science industry
• Economic models are undergoing rapid change
• New trends in Texas’ Life Science
• Changing demographics lead to opportunities in

personalized medicine and increased clinical
trials

• Increased awareness among private and public
sector or the advantages of fostering growth in
biotechnology and life science industries

• Biodefense, health-related homeland security
• Attracting biotech and large scale pharma

companies looking to relocate from other areas
• Nanobiotech, genomics and personalized

medicine

• Funding goes elsewhere
• Increased global competition among universities
• Rapid change in demographics
• New trends in Life Science
• Increasing inter-state competition for business

revenues, research investment dollars and life
science jobs

• Heavy investment by competing states to
monopolize stem cell research and recruit Texas
based researchers

• Lack of emphasis on applied research and
technology commercialization within institutions

• Inadequate global awareness of Texas to key
constituencies
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8 – Targets of Opportunity

Vital to becoming competitive in the current technology-focused and agile economy is the ability
of Texas to leverage current strengths and opportunities to achieve excellence and become a
global leader. Given the breadth and competitiveness of the Biotechnology Cluster, it is
impossible to excel in every area. Targeting will allow Texas to hone in on a particular field and
gather the specialized resources, talent, and assets necessary to become a premier destination for
educators, scientists, researchers, entrepreneurs, investors, corporations and workers interested in
a specific facet of the industry.

To take full advantage of the targets of opportunity, Texas must purposefully choose to
rationalize its resources based on significant strengths compared to other states. Five targets of
opportunity evolved from the Biotechnology and Life Science Cluster Assessment and are as
follows.

• Agricultural biotechnology: plant, animal, & marine
• Drug development, delivery, and vaccines
• Health-related information technology
• Health-related homeland security
• Medical devices

Targets of Opportunity
Target Agricultural biotechnology
Definition The use of biotechnology to improve the production of crops and livestock towards

agricultural, rather than human therapeutic ends.
Market Size
Estimate

The US market for plant biotechnology was worth $1.6 billion in 2001, and the
world market was worth $3 billion in 2000.xvii

Bio-pharming/molecular farming: The practice of cultivating transgenic crops to
produce industrial chemicals and pharmaceutical proteins, such as vaccines,
hormones, blood clotters, blood thinners, antibodies and contraceptives. The global
industry for “plantibodies” and “plantigens” (human antibodies and antigens made
by and in transgenic plants) could exceed $100 billion by 2015.xviii

Nutraceuticals: The U.S. market for nutraceuticals, or foods that are enhanced with
vitamins, herbs and nutritional supplements, was $46 billion in 2002, and is
expected to grow to more than $74 billion by 2007.xix

Genetically-modified seeds: Nation-wide, the seed industry is valued at about $6
billion annually, or 20% of the $30 billion annual world seed industry.xx World
demand for transgenic seeds is expected to grow by 12% annually.xxi

Leading
Technologies

Scientists at the Human Genome Sequencing Center at the Baylor College of
Medicine, in cooperation with the NIH, the USDA, and researchers from Canada,
Australia, and New Zealand, have successfully sequenced the bovine genome, and
have made the results freely available to scientists worldwide.xxii

Opportunities
for Texas

Sire selection – advanced techniques using genetics to enhance breeding.
Calf evaluation – provide best performing calves with best nutrition
Applying genomic information to identify disease processes and improved
treatments.
Expanding upon electronic database to track animal heritage and trace delivery to
market.
Veterinary pharmaceutical research (R&D expenditures for veterinary-use
pharmaceuticals was $307.3 million in 2002, $247.6 million of which in the U.S.)xxiii
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Target Drug Development / Delivery / Vaccines
Definition Delivery challenges are increasingly important in developing new pharmaceuticals.

Many of the newer, biotechnology-derived drugs face delivery challenges not seen
in the prior generation of small-molecule synthetic pharmaceutical drugs.

Market Size
Estimate

The pharmaceutical industry has approximately 223,000 employees nationwide.
Total pharmaceutical company sales equaled about $196.7 billion in 2002, of which
$145.2 billion, or 73.8%, was represented by the U.S. market.xxiv Total investment in
R&D by the pharmaceutical industry was $33.2 billion in 2003 (more than four
times the investment in 1990), about 80% of which was in the U.S.xxv

Leading
Technologies

Monoclonal antibodies, Aptamers, RNA therapeutics, Transdermal delivery,
Vaporization/atomization and lung delivery, Implantable drug-eluting devices, Gene
therapy, Antibody vaccines.

Opportunities
for Texas

Novel delivery methods are required to effectively deliver therapeutic doses to their
targets. These delivery systems can also benefit existing drugs, facilitating
administration and improving safety and efficacy.
Finding ways to reduce the 12-15 year cycle time and the roughly $800 million cost
to bring new drugs to the market.xxvi

Target Health-Related Information Technology
Definition The utilization of telecommunication technology for medical diagnosis, treatment

and patient care.xxvii

Market Size
Estimate

Total federal grants in 2003 equaled $270 million, 1/3 of which came from the
Defense Department.xxviii

Leading
Technologies

Store-and-Transmit Telemedicine, Real-time video linking, Personal Status Monitor
(PSM) assistance, Electronic Disease Reporting & Management System (EDRMS)

Opportunities
for Texas

Telemedicine is revolutionizing radiology, pathology, cardiology, medical
education, and other disciplines. It promises to improve the quality, increase the
efficiency, and expand the access of the healthcare delivery system in Texas,
especially in rural areas.xxix

Target Health-Related Homeland Security
Definition Includes products and services designed to help prevent or detect a biological or

chemical attack, or to inoculate, diagnose, or treat victims of such an attack.
Market Size
Estimate

The federal government estimates global demand for security products and services
will triple by 2010, reaching nearly $400 billion; 1/10 will be R&D. Total federal
R&D on homeland security is about $10 billion annually. Project BioShield alone is
worth $5.6 billion over ten years.

Leading
Technologies

Wi-Fi, nanotechnology, robotics & remote devices, chemical and biological warfare
sensor devices, Monoclonal Antibodies, bioinformatics.

Opportunities
for Texas

The University of Texas Medical Branch at Galveston (UTMB) was selected by the
National Institute of Allergy and Infectious Diseases (NIAID) as the site of a $150
million National Biocontainment Laboratory (NBL), one of two in the nation.xxx The
new facility will contain 83,000 sq ft. of lab space. In addition, UTMB at Galveston
has been awarded a $48 million grant from the Department of Health and Human
Services (HHS) establishing a Regional Center of Excellence for Biodefense and
Emerging Infectious Diseases Research (RCE).xxxi The technology developed for
these and other homeland security applications has crossover commercial potential,
including in medical and veterinary diagnostics and therapeutics.
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Target Medical Devices
Definition The medical device industry includes both low and high technology products for the

delivery of healthcare services.
Market Size
Estimate

The worldwide medical device business had sales of $190 billion in 2002, which
was expected to have increased by 15% by the end of 2004.xxxii There are about 5177
medical device manufacturing establishments in the United States, employing about
308,614 people.xxxiii There are about 272 medical device manufacturing
establishments in Texas (roughly 5.3% of the US total), employing about 14,267
people (roughly 4.6% of the US total).xxxiv

Leading
Technologies

Surgical and medical instruments, electro-medical equipment, irradiation apparatus,
biopolymers, in vitro diagnostic substances. With the expansion of nanotechnology,
the medical device industry is becoming intertwined directly with biotechnology, as
nano devices are developed for the delivery of biological agents.

Opportunities
for Texas

The medical device industry is export-heavy: over half of all devices produced in the
US are exported. As the largest exporting state in the U.S. ($99 billion in goods and
services in 2003), Texas is ideally suited to take advantage of this market.xxxv Wages
in medical device manufacturing are roughly 20% higher than in average
manufacturing jobs.

9 – Implementation

Ensuring the “Right to Win” — Texas’ State Efforts
Emphasis must be placed on implementation statewide – regional champions must collaborate to
develop an agreed to action-oriented strategic plan that leads to long term economic and societal
benefits. The Biotechnology Cluster team is committed to facilitating and leading that process.

Further Recommendations

• Using a set of rigorously developed performance metrics, Texas must “set the bar” and define
where and how its public investment will reap both economic and societal returns.

• The state must organize and support an industry/state partnership, across all regions, that is
composed of all educational institutions (K-12, post-secondary and graduate, adult education,
state agencies, workforce boards and one-stops), organized around the current and future training
needs of the Biotechnology Cluster.

• Texas must pursue the various “targets of opportunity” within the cluster where its unique
strengths give it a competitive advantage. Specifically, the importance of animals and plants to
the statewide economy calls for an increased focus on those sectors as platforms for scientific
and technological innovation.

• Through the cluster process, Texas should design a new workforce framework that is
consistent in its focus, broadly communicates a more proactive delivery system, and has a
regular follow-up process to determine adjustments and alignments.
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• Texas should produce a Strategy for Action that has three critical ingredients –
o Internal Focus – it identifies existing and anticipates future state resources based

on current and future employer, Biotechnology Cluster needs.
o External Focus – it promotes to the global industry, likely to consider expanding

or relocating to Texas, the anticipated response since the new Texas workforce
model is flexible, efficient and anticipatory to their future needs.

o Sustainable and Scalable – it creates an overarching framework for the design and
delivery of a new workforce delivery system – and then identifies the means to
scale best practices and best principles on a sustainable basis.

• Curricula should be certified by industry for both immediate and anticipated needs.

• Texas should identify and launch two or three pilot projects around regional and
statewide workforce academies funded by federal, state, industry, private foundations and
economic development sources likely based on successful models already operating at
the local level.

Throughout the Biotechnology Cluster team assessment process, we heard additional
recommendations for implementation that were particularly workforce and education focused:

• Document the existing resources for the Biotechnology Cluster immediately, and create a
dedicated web site that links and posts this information.

• Develop a mechanism for keeping information current.
• Encourage the Texas Higher Education Coordinating Board to facilitate statewide

articulation agreements between education and training institutions that include
workforce programs and not just academic programs.

• Increase public awareness of career lattice opportunities starting in middle school through
adults transitioning into new positions.

• Promote programs where industry trains the trainer while training the students.
• Disseminate bioscience research and industry activities to educational partners through

interactive websites, workshops, adopt a school and mentoring activities.
• Create paid internship opportunities for both faculty and students starting at the high

school level.
• Create incentives for companies and training institutions to partner.
• Provide scholarships for students of all ages entering career lattices.

All of these recommendations are relevant to all of the industry clusters and should be the focus of
cross cluster teams that would design and implement them for Texas.
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Texas Next Steps to Success

To succeed, the life science biotechnology cluster needs a critical mass of intellectual capacity,
talent, and skills in specific industries. Texas has that. While Texas has invested in physical
infrastructure, it needs to match the changing requirements of evolving technologies and the pressure
to accelerate the process from lab discovery to market commercialization. This acceleration requires
an infusion of smart capital at the opportune moment to improve success. A combination of
initiative, advocacy and will can make the difference between lackluster performance or
Texas’ success. It can create the “Right to Win” in the Biotechnology and Life Sciences
Cluster.
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10 – Texas Biotechnology and Life Science Cluster Team

The Texas Biotechnology and Life Science Cluster Team is chaired by Mae Jemison, M.D.,
Founder and CEO of BioSentient Corp. Cluster Team members, contributors and assessment
participants include:

Cluster Team Members Organization

Mae Jemison, MD. Founder and CEO
Cluster Team Chair BioSentient Corp.

Fuller Bazer, Ph.D., Associate ViceChancellor Texas A&M

Doug Brown, Life Sciences Manager Hewlett-Packard

Walter Colbert, SR VP HR Lexicon Genetics Incorporated

Dan Connolly, Senior Relationship Manager Silicon Valley Bank

Tom Felger Baker Botts

Linnea Fletcher, Ph.D. Austin Community College

John Galliotos, Ph.D., FAIC Houston Community College

Dale Gannaway, Director Bioscience Lubbock Economic Development Alliance

Randy Goldsmith, President & CEO UT Health Science Center San Antonio

Clyde Higgs, President Tech Fort Worth

Wes Jurey, President and CEO Arlington Chamber

Tom Kowalski, President Texas Healthcare and Bioscience Institute

Bruce Leander, President Ambion

Ronald Lentsch, Ph.D., VP/GM North America Ops Allergan

Marie McDermott, President and CEO Harlingen Chamber of Commerce

Michael Eastman, Ph.D. University of Texas at El Paso

Jacqueline Northcut Waugh, President BioHouston

Jeff Sjostrom, President Galveston Economic Development Partnership

David Sougstad, President Harrington Regional Medical Center

Sharon Venable, Vice President Dallas Chamber of Commerce

Nancy Williams, President Health Industry Council

Wendell Williams, President Central National Bank
Temple Bioscience District

Stephanie Willis, Branch Manager Kelly Scientific Resources
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Biotechnology and Life Science Assessment Participants

Douglas Abel Texas Medical Center
Sal Adamski Workforce Solutions for Tarrant County
Karen Lee Agnes Brousseau Quantum Logic Devices
Rosalind Alexander Lubbock Economic Development Alliance, Inc.
Joe Allred UTD - Southwestern Medical Center
Kent Anderson North Central Texas WorkForce Development Board
Jason Anderson Xiotech Corporation
Lance Anderson TTU Technology Transfer Office
Dick Auld, PhD TTU Plant & Soil Sciences
Chris Baca UTHSC at Houston
Kali Bailey WorkSource for Dallas County
Tracey Barnard Texas Workforce Commission
Will Benson Pearland Economic Development Corporation
Kyle Berry Lubbock Economic Development Alliance, Inc.
Rushi Bhatt Greater Dallas Chamber of Commerce
Guy Birkenmeier Baker Botts
Erik Bliss Sematech
Gary Breit Redstorm Scientific
Alan Brewer Life Sentry, Inc.
Cheryl Brock City of Lubbock Economic Development
Dr. Louis C. Brousseau III Quantum Logic Devices
Doug Brown Hewlett Packard
Randall Brown Haynes and Boone, LLP
Al Bruns Plexon, Inc.
Susie Bullock, Ph.D Cooperative Communication Association
David Caffey Clovis Community College
Nancy Chang, Ph.D. Tanox, Inc.
Beatrice Clack Stephen F. Austin State University
James Clark West Texas A&M University
Cindy Colangelo DFW
Brian Collins, PhD TTU Political Science
Marla Cottenoir South Plains College
Sharla Davenport Office of Governor Rick Perry
Regji Davis African American Chamber of Commerce
Steve Deaton Xcel Energy
Linda DeLeon Lubbock City Council
Glenn Dillon University of North Texas - HSC
Kate Donner Quorum
Bill Doty M. D. Anderson Cancer Center
Mary Duckert North East Texas WorkForce Development Board
Bill Duncan Baylor Research Institute
Walter Dyck Austin
Tony Elam Rice University
Don Ellis Arlington Chamber of Commerce
D.W. Englund Slaton Economic Development Corp.
Roger Feagley Arlington Chamber of Commerce
Boyd Finch American State Bank
Rita Jo Fitzgerald Marketing Consultant
Edwin Flores Chalker Flores, LLP
Steve Fluckiger Jones Day Reavis & Pogue
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Tommy Fondren Lorenzo Flying Service, Inc.
Bernie Francis Business Control Systems
Paul Frison Houston Technology Center
Dale Gannaway Lubbock Economic Development Alliance
Gene Garrison Texas A & M
Greg Gellene TTU Chemistry
Stephen H. Gens West Texas A&M University
Sue Georgen-Saad MyDNA Corp
Frank Gerome Startech Early Ventures
Bob Gladney Kindred Hospital Arlington
Ira Goldknopf, Ph.D. Power3 Medical Products
Heather Goolsby, PhD TTUHSC OB/GYN Lab
Bill Gottfried Gottfried International
Dr. Robert Gracy University of North Texas - HSC
Geoffrey Grant University of Texas at Arlington
Tim Graves BioHouston, Inc.
Douglas Green Texas A&M University - Texarkana
Terrence Grisso Technical Business Advisors
Melvin Hall City of Littlefield
Stan Hall UTD - Southwestern Medical Center
Karen Halladay Stratagene
Debby Hansard Senator Robert Duncan's Office
Jack Hart University of Texas at Austin, The
Clyde Higgs Tech FortWorth
Rosemary Hoffman Sachem Inc.
Lorraine Hough Texas Society for Biomedical Research
Mark Huggans TEF Labs Inc.
Peter Hur Renaissance Financial
William Hyman Texas A&M University
Andrew Icken Texas Medical Center
Neil Iscoe University of Texas at Austin
Natalie Johnson North Central Texas WorkForce Development Board
W.B. (Bill) Jones, PhD B.J. Enterprises
Sharon Judd WorkSource of the South Plains
Wes Jurey Arlington Chamber of Commerce
Jeannine Kantz Texas A&M University
Peter Kelleher, Ph.D. UTMB
Jane Kiser U.S. Senator John Cornyn's Office
David Knaff, PhD TTU Chemistry & Biochemistry
Noble Koepp Triumph Seed Company
Bryan Koontz Optive Research
Thomas Kowalski Texas Health and Bioscience Institute
Don Kriz Arlington Chamber of Commerce
Gary Lawrence Lubbock Economic Development Alliance, Inc.
Beth Layman UHSBDC
James Leary, Ph.D. UTMB
Tommy Lee M. D. Anderson Cancer Center
Marilynn Leigh Tarrant County College Southeast
Martin Lindenberg Aquinas Corporation
Lisa Lock El Centro College
Teresea Madden-Thompson University of Texas at Arlington
Joseph Maly Fort Worth Opportunity Center
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A.L. Mangum Nationwide Provident
Deborah Mansfield Houston Technology Center
Hall Martin National Instruments
Sheila Martin Texas Department of Agriculture
Claire Martinez Office of the Governor
Steve Mayo Emissary Inc.
Roderick McCallum Texas A & M
Robert McClain University of North Texas - HSC
Kenny McKay Lubbock Economic Development Alliance, Inc.
Dr. Paul Medley University of Texas at Arlington
Angie Mendez Office of the Governor
Denise Merkle Sci Consult, Inc.
Chandra Mittal, Ph.D. Houston Community College System
Carol Morgan Lubbock ISD
Steven Mueller Encysive Pharmaceuticals, Inc.
Carole Myer Fort Worth Chamber
Gary Nauert DPR
Jacqueline Northcut Waugh BioHouston, Inc.
Scott Norton Texarkana College
Jan E. Odegard, Ph.D. Rice University
Kay O'Dell North East Texas WorkForce Development Board
Jeff Organ Tanox, Inc.
Gary Pankonien WesTech Ventures
Nick Parker Global Scientific, Inc.
Terri Patterson Lubbock Economic Development Alliance, Inc.
Amber Pearce Texas Health and Bioscience Institute
Dennis Peck, AIA PageSoutherlandPage, L.L.P.
Jerry Perez High Performance Computing
Kim Perry Lubbock ISD
Dan Petty North Texas Commission
Philip Pienkos, Ph.D. Molecular Logix, Inc.
Linda Porter Hythiam, Inc
Dean Liz Poster University of Texas at Arlington
Brett Prange Henry S. Miller Commercial
David Quinn City of Levelland
Phil Ralston Center For New Enterprise Development
Dr. Seshadri Ramkumar TTU Environmental/Human Health
Steven Rash Power3 Medical Products
Ted Reid, PhD TTUHSC Department of Opthalmology
Craig Richard Arlington Chamber of Commerce
Judy Richardson WorkSource of the South Plains
Dan Rippy Healthpoint
Guy Robertson Millar Instruments
Paul Rochester Embryonics
Mary Ann Rojas WorkSource of the South Plains
Courtney Ross Greater Austin Chamber
Jason Ross Spinal Concepts Inc.
Larry Ruggiano Temple Economic Development Corp
Juan Sanchez University of Texas at Austin
Schubert Sapian Sapian Research & Development
Tony Schum Greater Austin Chamber
Clark Self Slaton Economic Development Corp.
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Nancy Sharp U.S. Senator John Cornyn's Office
Robert W. Shaw, PhD TTU Dept. of Chemistry and Biochemistry
Brent Shriver, PhD TTU Department of Food and Nutrition
Jeffrey Sjostrom Galveston Economic Development Partnership
Roberta Skebbo UHSBDC
John C. Smothers 3Group
Danny Soliz WorkSource of the South Plains
David Sougstad Harrington Regional Medical Center
Jerry Sparks Ark-Tex Council of Governments
Kathryn Stream, Ph.D. Texas Medical Center
Arthur Sucsy, PhD Lubbock Christian University
Janice Sutton Lubbock Economic Development Alliance, Inc.
Jacqueline Taylor UHSBDC
Lisa Theriot El Centro College
Kay Tieman D'Antoni Partners, Inc.
Don Topliff West Texas A&M University
Sharon Venable Greater Dallas Chamber of Commerce
Chris Vincent IEP Solutions, Inc.
Gwen Wagner CenterPoint Energy
Michael West Office of the Governor
John Wheat Bearingpoint
Mary Whistler U.S. Rep. Randy Neugebauer's Office
Eric. G. Williams Reese Technology Center
Bill Wilson Texas Workforce Commission
Phil Wilson Office of the Governor
Matt Winkler, Ph.D Ambion Inc.
Jackie Woodard Tarrant County College
Mika Wyatt Tx. Ag. Research & Experiment Station
Carrie Yeats Lubbock Economic Development Alliance, Inc.
Walt Zeilinski Signature Science
Michael Zucker USMD Hospital at Arlington

The Biotechnology Life Science Cluster Team was assisted by the Texas Workforce Commission, the
Office of the Governor, the State Strategy on Advanced Technology/Texas Technology Initiative Team,
the Texas Workforce Investment Council and New Economy Strategies, LLC.
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i New Economy Strategies LLC
ii Economy.com, CDR and analysis by New Economy Strategies,LLC
iii Labor Market and Career Information of the Texas Workforce Commission
iv U.S. Census Bureau
v New Economy Strategies LLC
vi Ernst & Young Global Biotechnology Report 2004
vii Ernst & Young Global Biotechnology Report 2004
viii RAND RaDiUS
ix RAND RaDiUS
x RAND
xi www.clinicaltrials.gov 24 January 2005
xii Price WaterhouseCoopers Money Tree
xiii Price WaterhouseCoopers MoneyTree
xiv Price Waterhouse Coopers Money Tree
xv Price WaterhouseCoopers Money Tree
xvi New Economy Strategies LLC
xvii Freedonia Group, ISAAA
xviii http://www.molecularfarming.com/plantigens.html
xix Business Wire, November 15, 2004
xx Economic Research Service, US Department of Agriculture
xxi The Freedonia Group, Inc.
xxii The National Institutes of Health
xxiii PhRMA
xxiv PhRMA
xxv PhRMA
xxvi PhRMA
xxvii Express Healthcare Management
xxviii http://www.atmeda.org/
xxix Express Healthcare Management
xxx www.utmb.edu
xxxi www.utmb.edu
xxxii Standard & Poor’s Industry Surveys, Health Care: Products & Supplies, September 11, 2003
xxxiii US Census Bureau, 2002. Medical device manufacturing is defined here as including NAICS codes 334510,
339112, 339113, 339114, and 339115.
xxxiv US Census Bureau, 2002
xxxv www.governor.state.tx.us
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1 – Executive Summary and Recommendations

1.1 – Overview of the Texas Energy Cluster Assessment Report
When “energy” and “Texas” are used in the same sentence, the picture that comes to mind is one
of pump jacks and offshore rigs, of windmills and pipelines. The energy sector is one of the
oldest and most diverse industries in Texas. Since the discovery of the Spindletop oilfield in
1901, Texas has embodied the production of energy. The Texas energy industry enters its second
century as a leader in energy production, while issues like reservoir depletion, opportunities in
diverse and emerging new alternative energy technologies, and a dynamic and inter-related
global marketplace cast a new light on economic development and investment in the energy
sector.

The vision of Texas as a leader in “Energy” and not only “oil and gas” is the product of a
dramatic and long-term change. This evolution builds on the work ethic of the Texas workforce-
a pool of knowledge and labor that is known worldwide for excellence and innovation. It
encompasses the advantages of Texas’ geography, its highways and ports, its railways and
airways, and its many natural resources that make up the diversity of the opportunities in the
energy industry. The path to this new industry is based on Texas’ leadership, not only in energy,
but also in environmental research. The Lone Star state presents an open opportunity for
innovation, for research, and for commercialization of new technologies in the traditional oil and
gas sectors, and in the new sectors of emerging energy sources, in one of the world’s largest
marketplaces. To this end, the Industry Cluster Initiative and the Energy Cluster were christened.

The Energy Cluster Team held its first meeting in Houston on January 12, 2005. On April 12th,
the team reported out its findings and recommendations. In that three-month period, the team
held three cluster meetings, six work group meetings, and five regional forums. The team, along
with consultants from New Economiy Strategies, interviewed over 45 leaders of the Texas
energy community, and conferred with some 115 more in meetings in Midland, Dallas, Houston,
San Antonio and Corpus Christi. The team was made up of economic development professionals,
oil and gas executives, and technology innovators from the wind, solar, biomass, and geothermal
energy generation communities. It included executives from large utilities, small public interest
firms, Texas A&M University, the University of Texas, Texas Tech University, Lamar
University, and four community colleges. It included four trade associations, a start-up energy
incubator, and one regulatory agency.

In its April meeting, the team returned its recommendations for energy-related challenges and
opportunities in Texas. At their highest level, the team’s recommendations centered on
collaboration, workforce development, and industry regulation. The team also listed specific
initiatives. Some initiatives are very industry - specific, while others are written more broadly,
and touch on challenges in education, business climate, and the development of technologies to
meet new challenges.
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1.2 – Recommendations
Following an initial meeting of the entire core group, the Energy team divided into three industry
sub-groups – oil and gas, electricity/coal/nuclear, and renewable / sustainable energy sources – to
discuss sector-specific issues. Each sub-group reviewed opportunities for state involvement
through tax policy, workforce, technology, and regulation matched to the basic business
processes of production, delivery and research/development.

Each sub-group was asked to select a single issue from among the four state activities - tax
policy, workforce, technology, and regulation – as the one area that would have the greatest
positive impact on economic development and job growth in the sector. These results were then
reported back to the full team at which time the findings from the three sectors were compared
and common issues prioritized.

1. Collaboration
Advanced Energy Consortia – Of all its considerations and recommendations, the team
agreed that the greatest opportunity for large-scale, long-term positive impacts on job growth
and capital investment in the energy industry in Texas lies in the state’s promotion of and
participation in collaborative research in energy technologies. To that end, the team
recommends that the state use its resources to help create and support advanced energy
consortia in Texas. These consortia would:

• Make use of the available natural, human, technical, and academic resources in Texas
• Reduce the initial cost and risk associated with pre-competitive R&D
• Greatly leverage the investment of participating companies
• Improve and accelerate innovation
• Develop technologies needed to maximize the state’s vast energy resources
• Attract significant federal participation to further leverage investments
• Identify and achieve otherwise unavailable efficiencies
• Attract and retain people, skills, jobs, investment and other technologies
• Respond to a current threat of losing energy pre-eminence to other states and

countries
• Provide the long-term focus and participation needed to continued break-throughs in

energy production, generation and transmission technologies
• Allow the state to broker collaboration within industries, address regulatory barriers,

and consider incentives to promote participation

Clean Coal / futureGen – As an immediate opportunity that offers long-term, large-scale
advances to the state’s energy sector, the team highly recommends that the state employ all
necessary resources to locate the federal government’s futureGen project in Texas. futureGen
is a $1 billion partnership between federal and state government and private industry to
design, build, and operate a nearly emission-free, coal-based electric and hydrogen
production plant. The prototype will be the cleanest fossil fuel based power plant in the
world. The futureGen project will not only engender growth in the coal mining and electric
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generation sectors, but will generate research and development around a host of other energy
processes.1 The potential economic output of the project is valued by the Texas
Comptroller’s Officer at over $1.2 billion.2

2. Workforce
Energy Workforce Assessment – The team identified workforce challenges as the single
greatest factor that will limit job creation and capital investment in the Texas energy industry
of the future. Manpower and the availability of adequate skills at all levels of the industry
comprise this most significant threat. In the short-term, the team recommends that the state
commission a comprehensive demographic study and gap analysis to assess and compare
industry needs with energy-related labor markets in Texas.

Assessments performed by this study should include
• Average age of workers in each industry segment
• Required skillsets
• Projected rate of retirement/turnover for each skill set
• Years required to replace workers by skill set
• Impacts on retired workers re-entering employment (social security, benefits, taxes,

health insurance, etc.)
• Impact of language skills on safety
• Geographic considerations

Participants in the study should include the Texas Workforce Commission, industry trade
associations, company and contractor personnel and the education community in Texas.

Energy Workforce Council – As a long-term project, the team recommends that the state
establish an Energy Workforce Council within a larger Energy Advisory Council, to develop
a strategic plan and implementation strategy to attract skilled workers to careers in the Texas
energy industry. This Council would

• Inventory existing programs related to energy education in Texas
• Inventory existing education and recruitment efforts by private corporations
• Identify programs that have achieved positive results and assess means of broadening

their reach
• Identify potential sources of funding, such as:

 State funds
 Industry contributions
 Federal funds and matching funds
 Foundations and other philanthropic organizations

• Develop strategies designed to maintain Texas’ position as a leading global provider
of Energy expertise, technology and workforce
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The implementation plan would develop the pipeline of new workers and maintain a stable
labor pool by identifying methods to

• Improve energy-related skill set education
• Upgrade students’ image of energy industries and careers
• Transfer knowledge from the aging workforce
• Establish programs that address generational and/or current worker expectations for

flexibility in the workplace (i.e. resistance to shift work, job sharing, phased
retirement, etc.)

• Assist displaced workers and military personnel transition to areas of demand
• Update worker skills (collectively) by offering customized training programs
• Remove barriers and provide information to retired workers considering a return to

the workforce

Members of the council would include the Texas Workforce Commission, industry trade
associations, industry companies and contractors, community colleges, universities,
representatives of the Texas Education Agency, and the military. This would be a part of an
Energy Advisory Council, as discussed below.

3. Regulatory Environment
The team was charged with identifying opportunities to enhance the competitiveness of the
energy industry in Texas through regulatory solutions that do not require new legislation or
regulation.

Energy Advisory Council – The team’s primary recommendation is the establishment of an
Energy Advisory Council, composed of representatives of state regulatory agencies (TRRC,
TCEQ, etc), local and regional governments, industry (oil and gas production, renewable and
sustainable sources and electric / coal / nuclear), and the general public. This advisory group
would discuss issues, coordinate regulatory aspects of major energy projects, enhance
communication among agencies, and identify “downstream” resource needs as energy
projects are developed. This Council would include the Energy Workforce Advisory Council
envisioned under Workforce Issues, outlined previously.

Energy Projects Website – The workgroup also felt it would be beneficial for the state and
industry to collaborate on the establishment of a website, where energy projects and possible
funding sources could interface. This “Energy Projects Website” would serve as a portal
through which the research, projects, funding, and regulation of information sources could be
clustered for maximum effectiveness.

1.3 – Sector-Specific Recommendations
The workgroup also developed a series of sector specific recommendations.

1. Oil and Gas – State regulatory agencies need better coordination of and information relating
to permitting activity among applicants, state agencies, and local government. As an
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example, a permitting schedule at the early stages of a project and communicated to all
participants in the project would be an attractive regulatory contribution to the industry.

2. Renewable and Sustainable Energy Sources
• Increased use of state incentives for emerging sources in this area, in addition to the

current efforts in wind energy.
• Provide matching funds for a demonstration and testing facility for offshore wind energy

generation.
• Host a conference on renewable and sustainable energy similar to the Western

Governors’ Association Energy Conference held in Albuquerque.
• Increased funding for research, as well as for commercialization. The State should

promote research consortia within this sector.

3. Electric / Coal / Nuclear – Permitting of electric generating facilities was identified as the
largest capital cost for the production of electricity. The Cluster team recommends
designation of certain geographic areas, based on common requirements, for electric
generating facilities and encourages siting in these areas through incentives such as
streamlined regulatory permitting.

Cross-Sector Opportunities and Recommendations Summary
Immediate Focus Longer Term Focus

Collaboration • Clean Coal / CO2 Capture &
Sequestration

• FutureGen
• Demonstration and testing facilities for

energy generation from wind

• Advanced Energy Consortia located in
Texas

• Regional Centers for Innovation and
Commercialization

Workforce • Demographic Study
• Credentialing (curricula, delivery

strategy, siting, etc) for “Certified Energy
Industry Technician”

• Energy Workforce Council (as a part
of a larger, more comprehensive
advisory group, such as the Energy
Advisory Council)

Regulatory • Streamlined, integrated permitting
process for energy projects

• Integrated transmission and power plant
siting planning

• Energy advisory group (as a part of a
larger, more comprehensive advisory
group, such as the Energy Advisory
Council)

Figure 1. Cross-Sector Opportunities and Recommendations
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2 – Assessment Methodology and Approach

The Energy Cluster team and their consulting firm used a multi-modal methodology to gain
valuable insights, commentary and guidance from over two hundred fifty industry leaders,
economic development practitioners, and vendor-suppliers supporting the growth of the cluster
in their regions. In order to engage this broad set of stakeholders and to capture their ideas
regarding building an innovation strategy, both high-level and grassroots activities were utilized,
including:

• A statewide electronic survey to assess attitudes toward innovation and
competitiveness,

• Interviews with key stakeholders, including government, academia, and industry, to
gain insights and anecdotes about Texas’ strengths and weaknesses in the scientific,
technological, and entrepreneurial assets,

• Regional forums in four of the major energy “hubs” in Texas,
• On-going legislative and policy discussion with the Cluster Team, and
• Quantitative data collection from several third-party and original sources, including

RAND Corporation’s RaDiUS (Research and Development in the US) database on
federal funding, Schoenfield & Associates database on private sector research and
development, the CHI patent database, and Texas Workforce Commission
employment data, along with a number of other sources, provided the information on
assets and activities.

This approach culminated in a series of recommendations for discussion among the cluster team,
along with data providing appendices of related supporting documentation.
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3 – Summary of Findings

3.1 Qualitative Data - Survey of the State and Regional Mindset
In a statewide electronic survey, industry stakeholders were asked a series of questions
pertaining to technology, innovation, and competitiveness. Those interviewed included core team
members, regional forum attendees, and members of industry associations.

How important are
these challenges to
firms in the State’s and
specifically your
region’s technology
sectors?

Very
Important

Important Has made
significant
progress

Has made
progress

Retaining talented
scientists and engineers

77% 20% 4% 0%

Attracting talented
scientists and engineers

73% 20% 4% 7%

Commitment of state and
regional leaders to
improving the
environment for growing
a business

70% 7% 4% 11%

Access to financial
capital

67% 23% 11% 4%

Interaction among
innovators, production,
and financial capitalists

57% 33% 4% 7%

Figure 2. Survey Key Results

The top two issues identified by the respondents in terms of technology were the ability to (1)
retain and (2) attract quality technologists. This is reinforced anecdotally by comments in team
meetings and regional forums that fewer college graduates are choosing to pursue careers in
energy.

There are two very significant findings from these data.

• The first is that the “demographic cliff” is a reality. The current group of technical
professionals in the industry is approaching retirement age, and there is an inadequate
“pipeline” of replacement professionals. Assuming a reasonable learning curve, it
may take three to five years for these “knowledge workers” to be fully prepared to
make significant contributions to the company’s efforts.

• The second finding reinforces the difficulty of attracting talented technical
professionals. The issue of retaining these technical professionals is even more of an
issue to management. Since there is little or no pipeline from which to draw
replacement workers, companies are forced to compete on employee retention, and
tend to “poach” each other’s employees.
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While this worker pipeline issue is not new to the energy industry, until recently the number of
engineers and scientists needed by industry was augmented by foreign students and graduates,
who made up a growing percentage of industry professionals. Since the implementation of new
immigration rules in the post-9/11 United States, though, these students and post-graduate
professionals have found it increasingly difficult to enter the country.

Business climate concerns complete the top three concerns of industry. Again, this reinforces
comments collected in the regional forums and Energy Cluster team meetings, where each sector
had its own distinct concern. For instance, the renewable and sustainable sector is concerned that
the state must increase the Renewable Portfolio Standard – the amount of energy generated from
emerging sources – that utilities are required to offer to the public. The oil and gas sector is
looking for a way to encourage the use of new technologies and at the same time reduce the risk
of failure, so that smaller operators can adopt new exploration, development and enhanced
recovery technologies. Utility companies want “regulatory certainty” to get them through the
new world of de-regulation. All industries identified the need for simplified permitting and
reporting processes to the multitude of state regulatory agencies as a critical business climate
issue.

Finally, it is of interest that, while collaboration was identified as having the potential for making
the greatest impact on the energy industry in general, it was identified as only the fifth highest
issue for the industry at large. Additionally, little more than half of the respondents ranked
interaction among stakeholders as “very important.”

Respondents were asked how important different sources of innovation were for their
organizations, and to identify those high impact sources. They overwhelmingly pointed to the
importance of universities, research organizations, and government laboratories (innovation was
described as the creativity process sparking new products and services leading to accelerate
growth in revenues, sales, and/or recognition).
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3.2 – Qualitative Data - Stakeholder Perspectives from Telephone Interviews
In a survey of core team members concerning innovation and technology, the following
responses were collected

Question Response
If you had one ‘chip’ on which to bet
Texas’ current or emerging science
and technology opportunities, where
would you place your bet?

Automated equipment – computer electromechanical technologies,
have infrastructure in Texas to build it

Hydrogen Technologies
• The area leverages existing infrastructure. There is a lot

of knowledge and equipment on an industrial scale.
• Hydrogen as an emerging area: Texas should realize that

Hydrogen is a developing, fast growing sector and that
we are fast finding new applications for it in the private
sector (retail ex: distribution power generation for fuel
cells)

Within energy – wind power! Texas has the second largest
installed capacity in the country for wind-generated energy
generation. Job growth potential is very large. Design codes for
wind turbines are based on Europe, and not specific to the great
plains. Unusual weather could hamper deployment and increase
costs.

How would you measure success for
your firm, given the potential
generated by greater collaboration on
innovation?

Metrics to look at include:
o Consumption
o Targets for growth
o Societal Benefit
o Environmental impact
o Ability to keep the economy healthy

Number 1 measure is return to shareholders. Involves growing
asset base, maintaining healthy ROI.

What 2-3 specific scientific and
technological areas within and in
support of the energy cluster do you
consider makes Texas a competitive
region?

Wind industry.
Problem is that none of the parts are located in TX – parts are
made in Finland, or Sweden, or CA, or Pueblo CO.
Caution against becoming too heavily dependent on wind power.
Economic development perspective on growth, instead of
contractual agreements
Texas has a lot of aging technology in the older gas-powered
generators. Texas still has a tremendous amount of lignite coal,
but no one has built a coal generator in 20 years. The state’s
population growth has put a strain on energy, and puts Texas at a
disadvantage vis-à-vis other states.
Advanced electrical training – more equipment is becoming
automated – people will have to increase skills in engineering,
transportation and transmission of energy – low level is no longer
‘low level’ must be technically adept
Shift management culture – different type of person, different
motivators, new generation, huge challenge in the future,
management needs to understand differences and be able to
motivate – make Texas a better place to work, agility in
management, management culture needs to respect and understand
where this next generation came from and how they were raised

Figure 3. Interview Results Summary
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3.3 – Qualitative Data - Regional Forum Perspectives

Four regional forums were held to solicit industry and stakeholder input into the current “state of
the industry,” and to build a collaborative vision of the economic development opportunities and
threats for the Texas energy industry. The meetings were held in Midland, to solicit input from
the west Texas region; in Houston, to survey the Houston and Gulf Coast region; Arlington, to
gather information from the North Texas region; and San Antonio, to represent the South Texas
region.

Attendees included independent oil and gas operators, operations managers from local plants and
refineries, academics, community colleges, economic development professionals from local and
regional and local agencies, and managers of major service firms. Primary industry input came
from Arlington and San Antonio for the renewable and sustainable energy sector, and from
Houston and Midland, for the oil and gas and utilities sectors. Universities represented included
Texas A&M University, University of Houston, Lamar University, San Jacinto College, the
University of Texas at San Antonio, and Texas A&M – Corpus Christi.

Each regional forum was introduced as a “town hall” meeting for the discussion of regional
issues and resources. Attendees were introduced to the work done by the core team, and standard
facilitation techniques were used to collect input and validation of the strengths, weaknesses,
opportunities, and threats for the region.

In every meeting, the major topics that emerged included education, workforce requirements,
industry image, plant expansion, and technology transfer / commercialization. There were also
key regional differences in viewpoint and resource.

An Overview of Regional Strengths, Weaknesses, Opportunities and Threats
Midland
West Texas

Dallas
North Texas

Houston
Gulf Coast

San Antonio
South Texas

Strength
This region is rich in the
resources that enable the
Energy sector, including
oil and gas reserves, wind,
solar, and geothermal
energy sources.

Strength
North Texas is one of two
major financial hubs in
Texas that include
commercial and
investment banking for
energy, and the
convergence of industries
is supported by a thriving
IT infrastructure

Strength
Houston is recognized as
the oil and gas capital of
the world, with a strong
and diverse labor force
with energy related skills,
world-class port facilities
and other infrastructure,
and is the home of many
technology providers

Strength
San Antonio in particular
sees itself as a center for
training and workforce
development, in an
environment where LNG
infrastructure will promote
industry growth in the
region

Weakness
While there is plenty of
capital for oil and gas
development, there is little
local venture capital for
new technologies

Weakness
Environmental and air
quality concerns about the
development of
conventional energy,
contributing to a stigma
and lack of understanding
at high school and college
levels of the opportunities
presented in the energy
industry

Weakness
The perception is that
Houston is an oil and gas
town, not an “energy”
center

Weakness
San Antonio and Corpus
Christi are homes to
several energy related
firms, but there are few
actual operations in the
area



13

An Overview of Regional Strengths, Weaknesses, Opportunities and Threats
Midland
West Texas

Dallas
North Texas

Houston
Gulf Coast

San Antonio
South Texas

Opportunity
The Permian Basin is a
world-class “living
laboratory” for reservoir-
based R&D, and there are
“home grown” software
and service companies that
can grow to meet regional
needs

Opportunity
There need to be new and
innovative “collaboration
networks” among
companies involved in the
development of energy
technologies

Opportunity
Technology transfer is a
real opportunity; however
the opportunity to identify,
modify, and market
technology from other
industries must be
accompanied by local
capital opportunities

Opportunity
There is significant
training and development
infrastructure throughout
the South Texas region,
and cross-border
cooperation with Mexico
is a strong opportunity for
all energy sectors

Threat
The major oil companies
have left the Permian
Basin, and were the only
source of significant R&D
funding for the region

Threat
The lack of a national
energy policy makes it
hard to forecast resource
allocation for R&D at the
same time that other
nations are ramping up
research in science and
engineering.

Threat
Economic cycles in oil and
gas are seen as transferable
to other energy sectors,
discouraging investment
and employment

Threat
In states where there is
more of a regulatory
paradigm, utilities do more
community education and
economic development
activities. The Texas
public Utilities
Commission doesn’t have
power to direct these
activities

Figure 4. Summary Regional SWOT Analysis

Regional Forum Evaluation
As a process, the regional forums were successful. The process generated some significant
insights into regional issues and opportunities, and built credibility for the Cluster Initiative as a
whole. In every case, the forums ran over the 3 hours allotted, and could easily have filled twice
that time. In each case, the attendees requested copies of the findings, and asked the presenters to
return with the state implementation plan. Buy-in on the part of all attendees was very high, as
was the enthusiasm level in the meetings.

It would have been helpful to have more industry input earlier in the process. Since the service
companies, who compete on levels of service, were seen as the “centers of innovation”, it would
also have been helpful to have more of the major service companies in attendance. As stated
previously, one of the goals of the process was to build interest in and credibility for the state’s
initiative; given this increase in interest, attendance and participation by the service sector at any
future meetings should not be a problem.

If the regional forum process is to be repeated or replicated for other industries, or if regional
planning groups undertake similar initiatives, it would be important to bring these un-represented
or under-represented stakeholder groups to the table. Additionally, any review of the findings
should include upper level executives, who will bring a different perspective to the discussion.
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3.4 – Quantitative Data

3.4.1 Patents and Energy-Related Research and Development in Texas
Growth in patenting in Texas generally outpaced the U.S. average from 1990 to 2003. However,
energy related patents are mature, and newer areas of energy research and related intellectual
property is occurring outside of Texas. If this issue is not addressed, Texas stands to lose its
current leadership position in the development of intellectual capital in the energy space.
From 1990 to 2003, there were some 73,200 patents issued to companies or individuals in Texas.
Some 5,944 of these patents were related to the energy industry. The vast majority of this activity
took place in Houston, which is the headquarters for many large oil and gas companies and
service companies. Patenting is a proxy for research and development, and is usually carried out
in the private (non-university or national laboratory) sector.

The majority of energy patents (74.5%) were issued for innovation in the oil and gas drilling and
exploration area. A related set of patents (9.5%) were in petroleum / gas / coke, or refining area,
followed by patented innovations in power systems, including turbines, generators, batteries,
transformers, etc., at 15.9%. Over 80% of the patents were issued to entities in either the
Houston or Dallas / Fort Worth region.3
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Figure 5. Patent Growth in Texas and U.S.

Private expenditures in research and development have increased somewhat from 2002 to 2004,
from $ 687 million to $ 816.5 million. In each of those years, well over 80% of expenditures
were in oil and gas field equipment and machinery or field services, and were centered in the
Houston region. Contributions in other regions and industry sectors were either negligible or not
represented at all.

3.4.2  Venture Capital in the Texas Energy Industry
Energy related venture capital is a relatively small percentage of the total venture investing
activity in Texas. This illustrates the lack of funding for emerging energy technologies at both
early and later stages of product technology development. Energy-related venture capital is
focused primarily on establishing new oil and gas production firms to capitalize on the
opportunities presented by the recent property divestitures by the major oil companies. There is
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also a component of current funding that is committed to developmental drilling projects, though
this amount is not quantified, and is normally a function of partners and mezzanine lenders.
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Figure 6. Venture Capital Activity in Industrial/Energy in Texas

4 – Cluster Mapping

The Energy Cluster assessment focused on regions in Texas with the greatest concentration of
core employment in the Energy Cluster. Mapping those employment concentrations reveals some
distinct regional attributes and opportunities to connect regions across Texas.
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As part of the assessment, a new premise was introduced to evaluate employment categories in
this highly diverse cluster. An extensive review of several hundred Standard Occupational Codes
(SOC) narrowed to 20 the positions in the Energy Cluster. These were grouped in the categories
depicted below:

SOC Core SOC Title
17-2161 Nuclear Engineers
17-2171 Petroleum Engineers
17-3026 Industrial Eng. Tech
17-3027 Mech. Eng. Tech
19-2042 Geoscientists
19-4041 Geol. / Petro. Tech.
19-4051 Nuclear Tech.
19-4091 Environmental Science
SOC Support
11-3071 Transport, Storage, Distribution
25-1032 Eng. Teachers, Post-secondary
25-1052 Chem. Teachers, Post-secondary
47-5011 Derrick Operators, Oil and Gas
47-5013 Rotary Drill Operators, Oil & Gas
47-5071 Service Unit Operators, Oil & Gas
47-5099 Roustabouts, Oil & Gas
51-4121 Extraction Workers, Other

51-8011 Welders, Cutters, Solderers
SOC Transformative
17-2081 Environmental Engineers
19-2043 Hydrologists
25-1053 Environmental Science Teachers

Embedded in this dataset are the critical ingredient –
people with skills and competencies that are key to
these industries. Some people are core to the success
of the industry, others provide supportive roles. And
there are those individuals that could be transformed
into serving the industry based on their skills shifting
to new opportunities.

5 – Competitive Landscape for Texas Energy

5.1 – Oil and Gas Exploration and Production
The oil and gas exploration and production segment is one of Texas’ most established industries.
New oil and gas reservoirs are being discovered on an ongoing basis (e.g. 82 new oil reservoirs
and 174 new natural gas discoveries in 2003 alone). These new discoveries, however, are
relatively small, and the conventional geologic wisdom holds that the largest increment of oil yet
to be produced will likely be found in existing reservoirs.

The decline in oil production has been dramatic. In 2003, preliminary production data indicated
that the state produced just under an estimated 360 million barrels, or about 0.98 million barrels
per day. In 1972, the state produced some 1.2 billion barrels, or about 3.3 million barrels per day.

The number of businesses involved in the exploration, production and distribution industry has
varied substantially over the years. Currently, however, there are over 6,000 operators actively
registered with the Texas Railroad Commission, operating over 142,000 active oil and 63,000
active natural gas wells.

After a century of sustained production, it is true that Texas’ oil production and reserves are
declining, but natural gas resource potential remains significant, with steady production in recent
years and modest gains in reserves as development programs continue. In both crude oil and
natural gas, Texas still leads the United States in both production and reserves as well,
underscoring the continued importance of the industry to the state and to the nation.4
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Texas also leads the nation in EOR (Enhanced Oil Recovery) potential, which ties closely to the
team’s recommendations for the futureGen project. CO2 injection and / or sequestration is
essential for futureGen to achieve its emissions targets. One way to make sequestration
economically viable is to link captured CO2 with oil reserves, producing increased recovery
efficiencies of those petroleum resources, as well as creating jobs.

The 50 CO2 enhanced oil recovery projects active in west Texas represent about 50% of the total
CO2 flooding activity worldwide, so the experience base, from both the operations and regulation
viewpoints, is deeper in Texas than anywhere else. The Lone Star state has more than 40 years’
experience in CO2 EOR, with more than 11,000 wells permitted for CO2 injection, and the
University of Texas’ Bureau of Economic Geology has estimated that at least 31 billion barrels
of oil in Texas may be recoverable using CO2-driven EOR. Based on 50% recovery rates and $25
per barrel oil, the Texas Comptroller’s Office has estimated:

• 15.5 billion barrels of crude oil,
• with a wellhead value of $338 billion,
• generating franchise taxes of $2 billion, and
• sales taxes of $23 billion

5.2 – Electric / Coal / Nuclear Power Generation
The electric power industry in Texas is composed of traditional electric utilities and
nontraditional participants, including energy service providers, power marketers, independent
power producers, and combined heat and power plants. Electric utilities include investor-owned
electric utilities, municipal utilities, rural electric cooperatives, and energy service providers. In
total, there are 185 electric power producing entities in Texas, providing the highest generating
capacity in the nation.5

Historically, most of the largest electric utilities have been vertically integrated investor-owned
utility service companies that provided generation, transmission, distribution, and retail energy
services for all customers in a designated service territory. The industry, however, has evolved to
a more diverse structure, including a competitive market for power generation. As a result, there
was one active service provider without distribution facilities at the end of 2002. This energy
service provider generated 2,000 megawatt hours in 2002 retail sales.

Texas restructured its $20 billion electricity industry in 2002, allowing for the option of both
individuals and corporations in most cities to choose their power supplier. ERCOT, the Electric
Reliability Council of Texas, Inc., oversees the transactions resulting from restructuring, while
maintaining the overall reliability of the electric power grid.

Texas also has approximately 4,800 megawatts of installed nuclear power capacity being
generated at two plants. The Comanche Peak project is located in Somervell County, and the
South Texas Project is on the Gulf Coast in Matagorda County. Nuclear energy supplies 9.2% of
the electricity generated in Texas.
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Texas ranks fifth nationally among states with coal production, and is the largest producer of
lignite. Lignite coal constitutes approximately 97% of the near-surface coal resources in Texas,
and is most commonly used in electric generation plants. The most significant bituminous
resources are in the north-central and southern parts of the state. Cannel coal, used by the
cement, lime, and aggregate industries, and exported to Europe for fireplace coal, is also
produced in the state.

In a state as resource-rich as Texas, non-renewable energy resources have traditionally provided
the basis for the state’s energy supply. During the 1990’s, renewable energy sources other than
hydroelectricity had provided only 0.3% of electric generation capacity for the state, as the
relative abundance of non-renewable natural resources and the economics of adopting renewable
resource technologies had not encouraged use of renewable energy sources. Now, however,
tightening conventional resource supplies and the associated cost increases in their use has led to
recent expansions in the use of renewable energy. By the end of 2002, renewable energy –
primarily wind power – had grown to providing 1.3% of total electric generating capacity for the
state, with considerable potential for expansion.

5.3 – Renewable and Sustainable Energy Generation
The Lone Star State is better known for its oil wells than its wind turbines; nonetheless, the state
is second in the country (behind California) in the amount of energy generated by wind power.
Texas’ electricity restructuring legislation, intended to open the state’s market to competition,
includes a “Renewables Portfolio Standard” – a requirement that at least 2,000 megawatts of new
renewable energy capacity, generating approximately 3% of the state’s power, be developed by
2009. Eligible technologies include wind, solar, geothermal, wave or tidal energy, biomass and
methane gas, and hydropower (tallied in a separate category).

Transmission issues pose impediments to the development of new wind power plants, because
existing transmission policies tend (1) to penalize wind generation because of its intermittent
nature, (2) impose multiple charges along transmission lines (“pancaking”), and (3) impose
burdensome requirements on wind plants wishing to connect to transmission lines. ERCOT has
adopted several policies that do not penalize new wind plants, including a market-based subzonal
congestion management scheme that allocates congested lines fairly among generators.
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5.4 – Energy Industry Trends and Implications for Texas

Future Trends
Industry • Increasing importance of cutting-edge technology in all sectors of the energy industry.

• Despite the growth in renewable energy, fossil fuels will continue to dominate the
energy sector for the near future.

• Because of an unfortunate industry image, undergraduate and graduate students will
continue to be attracted to areas of higher investment in technology, migrating away
from energy curricula.

• As US graduate and undergraduate enrollment declines, fewer foreign undergrad and
graduate candidates will be able to enter Texas universities to fill the gap because of
post-9/11 immigration policies.

• Oil companies will use fossil fuel operations to support increasing investment into
renewable energy.

• Future investments in energy development will be highly influenced by government
policy (gasoline tax vs. support for increased drilling, environmental policy,
investment in emerging technologies, and movement towards hedging US dependence
on foreign oil).

• Major oil companies will continue to divest holdings in the mature basins of North
America to finance their migration to larger, newer, less expensive overseas
production.

• The migration of large oil and gas producers out of the Texas oilfields will have a
significant effect on the profile of the average operator in Texas. Operators will
continue to invest in smaller property acquisitions nearer their bases of operations,
where they can manage production operations at lower costs, matching costs closely
to the decline of production.

• Environmental regulations will continue to impact the economic feasibility of
domestic expansion, driving some segments and constraining others.

• Homeland Security concerns, both real and perceived, will continue to be of concern
in the midstream and downstream segments, especially where these assets are
geographically concentrated.

Technology • Hydrogen and hydrogen-powered fuel cells
• Increasing cost-effectiveness of solar, wind, and geothermal power.
• Research into viable, large-scale electricity production from nuclear fusion.
• New facilities and processes for Gas-to-Liquids (GTL) products and services.
• New extraction techniques (ex: extreme deepwater drilling and production, heavy oil

production and transportation, CO2-based enhanced recovery, oil sands extraction,
more efficient transmission, storage, and distribution media for electricity, composite
materials manufacture, etc)

• Energy industry applications of micro-eletronics and nano--technology
Globalization • Traditional large US energy firms will increasingly abandon the domestic exploration

and production market in search of opportunities abroad.
• Growth in demand will be strongest in developing countries (non-OECD).

Figure 8. Energy Cluster Trends
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Impact of Global and National Trends

• Texas is known for its leadership in both its hydrocarbon reserves and the intellectual
assets to develop and manage oil and gas assets. As oil and gas production in Texas and
the US in general continues to decline, how does Texas remain preeminent in a market
where growth is shifting to other global regions?

• As regional trade agreements continue to evolve, especially in the Americas, how do
Texas companies take advantage of the oil and gas reserves potential in Mexico? How
can Texas energy producers enter the Mexican electricity market? What impact will these
trade agreements have on development and import opportunities in other Latin American
countries?

• As Texas continues its aggressive recruitment of industry through its economic
development activities, how do Texas energy companies partner with research and
development leaders to develop increasingly efficient sources of power?

• How do national security and post-9/11 concerns regarding energy independence impact
Texas and the production of U.S. energy?

• How can Texas capitalize on outsourcing, offshoring, and homesourcing trends in the
industry? Are there locations within Texas with assets and capabilities that could be
attractive to energy-related companies across the United States? Are there opportunities
for concentrating research and development in the Texas cluster of community colleges,
university systems, and energy services firms?

• Traditional economic development practices focus on attracting and retaining large
companies. There is a concentration of these companies already resident in the Texas
energy cluster; should Texas place a greater emphasis on entrepreneurial ventures and
growth companies?

• Many large oil and gas companies have divested themselves of mature assets in Texas in
favor of overseas ventures. What effect will this have on the Texas oil and gas operator?
How can these smaller companies assume the risk of adopting new technologies? How
can they develop the leverage, financial and political, to make their needs known? Is
there real clarity on long term outcomes of these changes?

• The chasm between workforce skills and industry needs will continue to grow if left
unattended. The solution can only come from new forms of collaboration among all
stakeholders – government, education and business – and must be sustained over time. Is
the gravity of the problem for Texas clear enough to coalesce leaders in these sectors to
unite in action to address it?
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1 – Executive Summary and Recommendations

1.1 – Overview of the Texas IT Cluster Assessment
Over 300 people, from all segments of Information and Computer Technology (IT) and regions
across the state participated in this IT Cluster assessment. Individuals representing industry,
education, entrepreneurs, economic development, government, research, venture capital, regional
organizations and non-profits worked together to review the state of IT in Texas and to make
recommendations on how to strengthen the IT Cluster across the state and enhance its
competitiveness across the nation and across the globe.

Among the six industry clusters identified by the state of Texas for focus, the IT Cluster is
uniquely broad in the industry segments it encompasses, from computers, to software, to
telecom, to IT-centric services. Moreover, IT is both an industry unto itself, but also an important
if not a critical contributor to the other five clusters.

The IT Cluster is already a well-developed part of Texas’ overall economy. Statewide, Texas has
a strong heritage in various parts of the IT Cluster, with unique regional legacies that influence
local economies and position Texas in the global marketplace. The Telecom Corridor®
Genealogy Project tracks 5000 Texas companies who trace their roots back to Collins Radio and
Texas Instruments, plus the presence (and often U.S. headquarter operations) of major global
companies like Nortel, Alcatel, Ericsson, EDS and Cisco, as well as hundreds of other Texas
entrepreneurial companies.

In the Metroplex, the legacy of reservation and travel systems began with Sabre and spawned
Travelocity. The military presence in San Antonio and South Texas has helped those regions
develop expertise and industry in Cybersecurity and related fields. SBC is now the 2nd largest
service provider in North America and is busily upgrading its Texas and other states networks to
broadband capability. Houston and the Gulf Coast’s energy companies, Space Center, as well as
world-renowned medical complex, depend upon IT technologies in a significant way. Austin’s
Dell Computer and Houston’s Compaq (now HP) represent some of the world’s major computer
companies.

In April, 2005, the AeA published its Cyberstates 2005 Report and announced that it was “full of
bright spots for Texas high-tech industry.” Texas ranks 2nd nationwide in the number of high-
tech workers, in the size of high-tech payroll, in the number of businesses and in the value of
high-tech exports. Texas is also 2nd nationally with employment in telecom and engineering; and
ranked 3rd in venture capital investments.

But probing deeper into Texas’ IT Cluster, examining qualitative and quantitative data, some
issues surfaced that if not addressed today could jeopardize this positive performance and
momentum in the future. And there clearly are opportunities for the IT Cluster to do even better
in the future. These issues and opportunities are the core topics of this report.
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1.2 – Recommendations
The IT Cluster team generated many specific ideas for programs, projects and follow on
activities to address the issues and opportunities raised in this report, all of which it believes will
contribute to the growth and health of the IT Cluster over time.

The IT Cluster team has two strong beliefs:
 Incremental efforts can have a beneficial and lasting effects if they are part of an organized

strategy.
 Texas can build a perception of Texas as a high tech powerhouse – benefiting all six industry

clusters – with a continuous and substantial program of communication to the public.
There was insufficient time in the assessment process to investigate and identify all the important
ways that the IT Cluster could integrate with and leverage the other five clusters. Much
interaction already naturally occurs as IT companies seek new market opportunities, yet the state
should take an active role in driving interaction between IT and the other clusters, including
outreach to academia, where such interaction is essential.

Common themes emerged across these clusters, and the establishment of statewide, cross-cluster
teams for workforce and education, commercialization, collaboration, business climate,
convergent technologies and opportunities would sustain momentum and increase the focus on
targeting resources for the economic engines of Texas.

Texas has identified six “high tech” industry clusters as key to its future prosperity at the very
time of a precipitous drop in the supply of Texas-grown high-tech-ready graduates, whether from
high schools or colleges. This is a broad and multi-faceted societal problem, which goes beyond
the scope of the IT Cluster assessment and the concern surfaced consistently in every region of
the state. Industry, government and education sectors must unite to address and attack this
problem.

Key, strategic recommendations from the IT Cluster team are outlined below, with more tactical
recommendations included in Section 7 of this report.

1. IT Cluster Development
Nurturing the IT Cluster, or any cluster, is a long-term job and the state should maintain
ongoing activity along with the active involvement of industry and academia. This IT Cluster
effort, while having impact in a relatively short time, could only scratch the surface of
analysis, idea generation and future planning. An outgrowth of the assessment was greater
understanding of the assets and expertise of Texas regions. The state should maintain an
ongoing, active program to analyze, debate and promote the needs of the IT Cluster, in
collaboration with industry and academia, including strengthening the interaction across
regions to gather additional information, identify opportunities, communicate and connect
similar initiatives and encourage collaboration within the state.

2. Statewide Focus on Commercialization
While Texas works to attract significant national and global IT companies to Texas in order
to have a catalytic effect in stimulating the economy, creating jobs and spawning off-shoot
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companies, the state should focus even more effort in developing new IT companies via the
commercialization of Texas-developed IT-related technologies. New companies not only
create far more jobs but also typically represent the leading edge of where IT is headed
globally.

We want Texas to have more than its fair share of the future IT companies not yet created.
The recent passage of the Texas Emerging Technology Fund provides excellent opportunities
and tools to the state to accelerate commercialization and capitalization.

Texas can take a leadership role to ensure that industry and education use their research
engines to develop new programs, policies and funding models to grow existing business and
support entrepreneurial efforts. Texas should adopt an aggressive statewide strategic
approach to commercialization and engage all stakeholders in development and completion.

A new model for commercialization has been discussed within all the cluster teams. Efforts
are underway to develop a “Texas Model” that will use the best practices of several
proposals.

The IT Cluster team observed that Texas universities, by and large, place no particular
priority on encouraging faculty “research engines” to contribute to the economic
development of their surrounding community. In fact, it appears universities may have
consciously or unconsciously created barriers in this regard rather than being active
promoters and facilitators. One unfortunate result has been the export of Texas-generated
research to non-Texas companies.

As part of a new direction for commercialization in Texas, we believe the state should
change the “compensation plan” of Texas-funded university leaders such that actual
commercialization of university research and ideas should constitute a meaningful portion of
incentive compensation. We believe the state possesses other university funding levers that
should also be used in this regard. We have no IT Cluster-only recommendation since we
believe such a change in university leader attitudes will benefit all six industry clusters.

3. Institute Workforce Assessment Forecast
IT Cluster workforce needs are not being adequately collected, analyzed and acted upon by
industry, government and the Texas education and workforce systems. The state must play a
key role in driving the development of a shared vision of skills and competencies. This vision
must encompass educating individuals from the point of entry into our public education
system through customized workforce training to meet the needs of industry.

The IT Cluster team recommends the establishment of an ongoing, annual workforce
assessment forecast that includes skills and competencies for IT workers in three, five and
ten year increments including regional and statewide aggregate data. This forecast would
enable Texas to establish clear and specific workforce goals so that education, training and
recruiting and workforce providers could better plan and ensure an adequate number of
skilled and prepared IT workers to meet employer needs.
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In addition, more immediate needs must be identified and met. A working group from the
six cluster teams should be formed to convene stakeholders who have the authority and
commitment to develop actionable items and chart next steps that will ensure that Texas
meets its workforce needs.

4. Promote the Texas IT Cluster
An ongoing state-run communications campaign both outside and within Texas is needed to
establish the perception that the IT Cluster is core to the Texas economy. This affects Texas
at many levels: attracting and keeping talented researchers and research dollars; leveraging
intellectual property, communicating and preparing students for career opportunities in IT;
building vibrant networks of entrepreneurs and their stakeholders and growing the IT Cluster
itself.

Despite some strong regional positioning (e.g., DFW for telecom, Austin for software and
computers, San Antonio for Cybersecurity, Houston for aerospace, energy and healthcare) IT
in Texas is still fragmented and its strengths are not fully known or appreciated. Perception
will become reality.

5. Statewide Broadband Infrastructure
The IT Cluster received widespread support for ensuring Texas’ infrastructure becomes more
globally competitive. Therefore, all appropriate state regulatory and tax policies should be
reviewed to determine how well they create or inhibit deployment incentives – and ease of
market entry – for the widespread expansion of the advanced broadband and wireless
infrastructure in the state.

1.3 – Technology Targets of Opportunity for Texas
The IT Cluster assessment revealed several areas that represent real opportunity for Texas.
Significant effort is already underway, resources are committed and a large multiplier effect is
possible because many of these technologies span multiple clusters and industry sectors. Further
investigation is needed to determine whether these truly represent Texas’ “best technology bets”
and to determine if and where supporting investments of all kinds are needed.

• Logistics/supply chain solutions
• Cybersecurity
• Homeland security
• Digital media arts
• Border security
• RFID/smart cards
• Supercomputing
• Wireless
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1.4 – IT Cluster Working Groups: Setting a Competitive Plan for Texas
It is the intention of the IT Cluster team to move forward with IT Cluster working groups to
review the recommendations and ideas generated by this assessment process and to address key
issues for evaluation, prioritization and action. The priority is to establish a competitive plan for
the IT Cluster and Texas. Priorities will depend on the direction of the governor and leaders of
Texas. For now, building on efforts that are already underway, items for consideration are
outlined in Section 7 of this report.

1.5 – Summary of Findings
The IT Cluster assessment focused on regions in Texas with the greatest concentration of IT
employment. This map shows the IT Cluster in Texas, with each dot representing an employer
with five or more employees who operate in the core IT businesses. Core business is defined as
those employers who manufacture goods, provide services or applied research in the Information
and Computer Technology industry.

Figure 1.  Core Business Employment in the IT Cluster 1
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Mapping those employment concentrations reveals some distinct regional attributes (see
Appendix C) and resources that offer opportunities to connect regions across Texas, as presented
in the table below: specifically in supercomputing, logistics, RFID, wireless, Cybersecurity,
homeland security and digital media arts. This information resulted from regional forums,
interviews, surveys and other research and does not reflect the entirety of the IT Cluster
inventory, as it reaches into so many sectors, but it is representative.

Figure 2.  IT Cluster Regional Attributes and Resources 2

Region Industry Cluster Concentration Resources
DFW
North Texas

Telecom, electronics, software, design,
logistics, wireless, smart chip R&D
production, supercomputing; Cybersecurity;
data management; business process
outsourcing

Metroplex Technology Business Council
(MTBC); AeA, University of Texas at
Dallas, STARTech, Texas Logistics
Capability Council; Texas A&M
Supercomputing Facility; Cybersecurity &
Emergency Preparedness Institute;
Cybersecurity Research Center; Integrative
Center for Homeland Security

El Paso
Upper Rio Grande

Maquiladora OEMs, electronics, systems
design, data processing, Internet, defense,
border security

University of Texas El Paso hosting
August 2005 event; Border Security;
Critical Technologies for Security &
Trade; “soft-quiladora” efforts

Austin
Central Texas

Computers, Internet, compression
technologies, supercomputing, wireless;
Cybersecurity; semiconductors

Texas Advanced Computer Center; Dell
Partnership; Center for Information
Assurance & Security; Wireless Alliance;
Wireless Networking & Communications
Group; Austin Technology Council, AeA,
World Congress on Information
Technology 2006

San Antonio
South Texas

Communications equipment, system design,
software, data processing, hosting, digital
media, logistics, homeland security,
Cybersecurity

National Security Agency Cryptology
Branch expansion; Digital Convergence
Initiative; Technology Advocates of San
Antonio, Media Convergence Lab; Smart
City Project, San Antonio Technology
Accelerator Initiative

Houston
Gulf Coast

NASA, computers, global communications
networks, Internet, medical, energy

Computer Information Technology
Institute (CITI), Rice Alliance; RFID
student badge project (28K); Houston
Technology Center
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2 – The Competitive Landscape

In the 1990’s, “high tech” was the broad term used to describe any business or research initiative
involving computers, communications and online content. As this industry has grown and
technology has become pervasive, new descriptors are needed. AeA, in its Cyberstates 2005
report, defined “high tech” using 49 North American Industry Classification System (NAICS)
codes, although the report concluded that there is no universally accepted definition of the so
called high tech industry. The ambiguity around this evolving cluster definition presents issues
for many regions and sectors.

With globalization and advances in technology and communications, new employment models
are emerging and the supply chain is being transformed, presenting both challenges and
opportunities to the IT Cluster.

• Outsourcing – Services (e-commerce, business process, software development and
testing, maintenance, professional services) can be moved outside the US (India, Ireland)
because of large, low cost, skilled technical labor pool, bandwidth, advantages of time
zone differences and collaboration tools.

• Offshoring – Manufacturing processes (textiles, consumer electronics, furniture, auto
parts, machinery & equipment) can be moved outside the US (China, Japan, Mexico,
Brazil) due to lower cost labor, high quality and productivity, new manufacturing
technologies and high speed communications.

• Homesourcing – Services (travel reservations, customer service, e-commerce and
commerce) previously conducted in call centers can be managed virtually with home-
based agents, enabled by bandwidth, online learning and collaboration tools, and at
reduced costs (facilities, benefits, equipment).

• Rural Sourcing – Services provide typical outsourced IT services and use highly skilled
and often underemployed IT Workforce in lower cost rural areas of the United States.
Rural Sourcing centers may be located in or near college or university towns that have
the infrastructure and are sufficiently wired to meet the requirements of IT outsourced
assignments. The centers provide jobs and opportunities to local college graduates who
were previously forced to move away to find IT employment.

• Free Agents – Downsizing, layoffs, lifestyle choices, niche expertise and industry desire
to use contract labor have all contributed to the growing number of experienced
individuals who have small businesses and work as independent consultants with
companies in the IT Cluster.
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2.1 – Key IT Cluster Trends
Key IT industry trends that affect the IT Cluster were identified in five areas and are shown on
the chart below:

Figure 3.  IT Cluster Trends

IT Industry Trends 3

Business • Outsourcing, offshoring, homesourcing are real
• New state and regional models are emerging for economic development and for

driving innovation
• Mobile and wireless technologies are transforming business process
• Broadband deployment enables competitive advantage
• Traditional supply chain and logistics processes are changing
• New technologies and applications are proliferating and appearing at a rapid

pace, blurring traditional definitions and “rules” in IT

Technology • Software as service, manufacturing processes
• Radio Frequency Identification (RFID) in multiple industries.
• Nanotechnology
• Wireless
• Homeland security/defense
• Cybersecurity

Workforce &
Education

• Shortage of qualified IT professionals nationwide
• Difficulty in maintaining a pipeline of workers trained to meet industry’s

changing needs
• Decline in science, technology & math training in K-12 and future impact on

innovation and competitive position
• Aging/retiring workforce with technical and management skills
• Mobile/shifting workforce needs relevant, timely and accessible retraining
• Creating, funding and sustaining successful public/private collaborations and

partnerships drive regional growth
• Downsizing due to outsourcing and offshoring has short and long term regional

implications

Starting &
Growing
Companies

• Increasing access to seed and early stage capital is essential
• Regional cultures and environments that foster innovation and entrepreneurship

are necessary
• Optimizing opportunities for commercialization and leveraging intellectual

property will make a difference

Globalization • Offshoring is pervasive and seen as a threat
• Changing demographics in the US reflecting immigrant populations already

exists in Texas
• Management of intellectual property data and confidential records is a growing

challenge
• Changing treatment and perception of international borders represent both

challenges and opportunities to countries and regions with expansive borders
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2.2 – Trends and Opportunities
There are a number of global IT industry trends that have particular significance and, perhaps,
opportunity for Texas, including the following:

• Outsourcing of services and offshoring manufacturing to lower cost regions is becoming
pervasive in the IT industry. Texas has assets, including low cost labor and infrastructure
that could make it an outsourcing/offshoring destination for companies anywhere in the
world.

• Technology tools and telecommunications are transforming supply chain and logistics
worldwide. Texas is in a position to leverage its deep expertise in these areas and position
itself as a global leader.

• Sharing an expansive border with Mexico places Texas in a unique position to be a driver
in developing and fielding innovative policies, processes and technologies.

• Widespread broadband deployment is an enabling technology for many regions
worldwide. Texas would benefit greatly from a commitment to broadband and wireless,
backed up by strategic implementation plans.

• Within the IT sector globally, security is a growing area of focus: cybersecurity,
homeland and border security, and information security. Texas could leverage what is
already in place in these domains and create a National Center for Security, building on
the recently announced NSA center in San Antonio.

• Texas’ public education system is a significant factor in the potential growth and health
of the IT Cluster. The IT Cluster team recognizes the need for urgent action that can best
be accomplished through collaboration and action by industry, government and education
for every level of education. A focused effort to develop challenging IT training and
educational courses along with recruiting students and underemployed or those making
mid-career transitions could fill the IT workforce pipeline and lead to success for many
Texans.
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3 – Cluster Definition

At the outset of the assessment, the cluster perspective was a traditional view, with multiple
“silos” representing industry sectors as depicted below in the snapshot of the industries and
stakeholders in the IT Cluster. Early on, it became evident that many of the technologies
represented by the industry were also embedded in and core to other clusters and industries.

IT 
Cluster

Computer 
Hardware

Telecom & 
Wireless 

Communication 
Systems  

Identification 
& Location 

Systems

(RFID) 

Systems 
Design & 
Services

System & 
Application 

Software

Supercomputing

R&D Firms and 
Universities

Internet 
Publishing & 

Portals

Managed 
Operations 

(Outsourcing)

Data Recovery 
Services

Logistics 
Mgt & 

Operations
Electronics

Cybersecurity

Manufacturing

Homeland 
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Professional 
Services Firms

Financial 
Services/VC

K-20 
Education

Figure 4.  Industries and Stakeholders in the Texas IT Cluster 4
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During the course of the Cluster team’s work and extensive research, a deeper, more multi-
dimensional picture of IT in Texas emerged. This model looks at the traditional vertical sectors
in IT and also reflects a new horizontal view of convergent technologies that are embedded
across not only the IT Cluster, but are core to other industry clusters. These convergent
technologies are at various stages of development – some nascent, some more mature – and
many are expected to be transformative as they are applied. Finally, there are enablers, which are
key to the health and growth of the cluster.
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4 – Assessment Methodology and Approach

In order to engage a broad set of stakeholders and to capture their ideas about creating an IT
Cluster strategy, both high-level and grassroots activities were used, including:

• an electronic survey of state and regional innovation mindset
• interviews with key stakeholders
• regional forums held in five cities
• ongoing legislative and policy discussion with the Cluster team

The intent of this qualitative approach was to gain valuable insights, commentary and guidance
from over 300 practitioners, industry leaders and vendor-suppliers supporting the growth of the
cluster.

Through this approach, a series of recommendations were created for the cluster assessment and
appendices of related supporting documentation.

5 – Qualitative and Quantitative Data

5.1 – Qualitative Data - Survey of the State and Regional Mindset
An online survey was taken by 135 respondents, from all sectors of the IT Cluster and highlights
are presented below, with full survey data included in Appendix E. Survey results generally
supported findings in regional forums and one on one interviews, but there were several
interesting findings.

 Over 90% of respondents indicated that it is very important/important to attract and retain
entrepreneurial managers and talented scientists and engineers.

 Over 85% felt that access to venture and early stage seed capital, product innovation and
access to new markets are very important/important.

 And 48% felt that there has been progress in the commitment of state and regional leaders to
improving the environment for starting and growing a business, while 15% felt ground was
being lost and 33% felt it was holding steady.

 In the area of public investment to further the success of technology/science clusters in
Texas, respondents felt the university research, workforce training for skilled workers,
business recruitment and retention, commercialization infrastructure and tax incentives were
important or very important. Responses varied by question when rating state and local
government impact in these investment areas, reflecting lack of consensus on progress in
these areas.
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Survey respondents also had an opportunity to answer several narrative questions. The following
list reflects feelings on positive reasons for relocating to or expanding business in Texas:

• Quality of life
• Great place to raise a family
• Climate
• Lower cost of living and doing business
• Tax structure and lack of government regulations – “Texas is Open for Business”
• Can do/entrepreneurial spirit
• Mobility around the state
• Uniqueness of Texas cities and regions
• Texas institutions of higher education

Respondents were asked for their thoughts on what could be done to make Texas more
innovative and competitive. These responses are similar to the comments received in the forums
and interviews.

• Foster a stronger “Texans doing business with Texas first,” particularly Texas
entrepreneurial companies

• Prioritize resource areas where Texas has the strongest skill sets
• Offer more incentives for business: tax, matching investment funds, reform franchise

tax, workers comp and unemployment costs; tort and litigation reform
• Focus on education to improve K-12 –expand math, science and technology

programs;
• Continue to fund the Texas Enterprise Fund and Texas Emerging Technology Fund to

attract industry, research and venture capital
• Publish and maintain a roadmap of resources for innovation
• Facilitate greater engagement of the business community – statewide and locally –

with education and government
• Eliminate service delivery area restrictions on community and technical colleges
• Attract incubators or VCs willing to invest in very early stage companies/ideas;

Identify new funding sources for early stage companies.

5.2 – Qualitative Data - Stakeholder Interview and Regional Forum Perspectives

Strengths-Weaknesses-Opportunities-Threats (SWOT) Analysis
A SWOT analysis of the IT Cluster in Texas was developed from interactions with the IT Cluster
team and then presented to participants at the IT Regional Forums held in five communities
across the state. Forum participants provided regional perspectives on the strengths, weaknesses,
opportunities and threats they recognized locally.
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A summary of the SWOT by region is shown in the following chart. Further details, including
the initial SWOT as presented at the regional forums and a region by region breakdown, are
included in Appendix F.

An Overview of Regional Strengths, Weaknesses, Opportunities and Threats in the
Texas IT Cluster

Austin
Central Texas

DFW
North Texas

El Paso
Upper Rio Grande

Houston
Gulf Coast

San Antonio
South Texas

Strength
Recognized by the
world as a center
for IT/emerging
technologies

Strength
Global strengths in
telecom, software
and information
services with
supply chain
solutions and
logistics capacity
seen as world class

Strength
Bi-national and
bilingual expertise
expands trade with
multinational
markets

Strength
Core industries
strong and
intersect with IT –
energy, biotech life
science, aerospace
defense

Strength
DoD Info
operations and info
security, military
R&D,
bioinformatics,
GIS/GPS

Weakness
Licensing and
commercialization
process still not
effective

Weakness
Lack of
collaboration
between large and
small companies;
no vertical
integration

Weakness
Broadband
connectivity
lacking

Weakness
Lack of high speed
access outside of
Houston

Weakness
Not enough private
equity capital at
early stages

Opportunity
Leverage current
supercomputing
capacity as well as
digital media
convergence
(wireless,
entertainment,
talent)

Opportunity
Technically savvy
underemployed
workforce can be
retrained in RFID
and logistics
solutions

Opportunity
Connect and
leverage
Aerospace/DoD/
Homeland Security
as the major
sectors in this
border region

Opportunity
Connect available
investment capital
available with
opportunities
throughout the
State

Opportunity
Leverage
Cybersecurity,
homeland security,
system/software
design and the
Convergent
Technology
Initiative statewide

Threat
Flow between
business and
universities must
be improved or
opportunities will
go elsewhere

Threat
Importing
engineering talent
from abroad when
talent must be
available locally

Threat
One of the largest
exporters of
engineering talent
which affects the
overall strength of
the area

Threat
Offshoring,
outsourcing and
the loss of skilled
workers with the
collapse of some
companies may
limit growth

Threat
Highly skilled
technical
workforce is
missing so
companies may
not expand or
locate here.

Figure 6.  Summary of Regional SWOT Analysis 6
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5.3 – Cross Cluster Themes from the Statewide Assessment
During the cluster assessment process, four core areas were common to all clusters and represent
logical points around which to focus and organize ongoing Cluster team work: workforce and
education, collaboration, capital and commercialization and business climate.

Workforce & Education

 Need for timely, specific and consistent data on
workforce forecasts for all clusters

 Availability of workforce pipeline with relevant
skills for IT industry today or in the future is
vital

 Concern with declining focus on math, science
and technology in K-12 education

 Major shifts in technology result in substantial
and constant need for ongoing worker training
and retraining

 Need for innovative programs and strong
messaging to promote quality and value of
Texas higher education

Collaboration

 Texas’ IT Cluster is highly diversified with
many overlapping technology sectors offering
multiple opportunities to focus resources and
distinguish Texas

 Many technologies are embedded across
clusters and there are opportunities to leverage
them and showcase innovation and
collaboration – e.g., RFID, homeland security,
Cybersecurity, logistics

 The Governor’s Cluster Initiative brought
together a diverse group of stakeholders
interested in growing and strengthening the IT
Cluster and its companies

Business Climate

 A ubiquitous broadband and wireless network
infrastructure is key to competition and to
accelerating growth and innovation in Texas

 University culture and rewards system must
promote the flow of ideas and people between
academia and industry

 Business incubation and acceleration activities
can stimulate entrepreneurship and economic
development

 Economic development can be enhanced by
supporting new business creation and growing
existing companies as well as attracting and
retaining large companies

 Consistent agreement that TX needs to take
action to attract and retain talent, innovation,
funding; to be collaborative; to offer quality
education and an open business climate

Commercialization and Capital

 Commercialization opportunities must be
optimized by eliminating cultural, procedural,
competitive, communications and
infrastructure barriers

 Increase seed and early stage venture capital
funding

 Increase the availability and effectiveness of
R&D (federal and state), private R&D and
SBIR

 A statewide focus on commercialization would
unify the business, government and academic
communities

 State leadership/support is needed to create
new funding models and incentives for
entrepreneurial ventures and for
commercialization of Intellectual Property (IP)

Figure 7.  Cross-Cluster Themes 7
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5.4 – Quantitative Data Overview
A broad range of quantitative data was gathered, compiled and analyzed to accompany the
anecdotal data collected through forums, interviews and surveys. Appendices A and B contain
data referenced and discussed in this section.

Sources for funding innovation include federal funding for Research and Development (R&D),
Small Business Innovation Research (SBIR) grants, private sector R&D and venture capital. This
section of the assessment reviews each of these areas.  Funding data is obtained from a variety of
sources and not all data is available for the same periods, every effort has been made to
accurately reflect and interpret the data.

5.4.1 Federal R&D
Over the ten-year period, 1993-2003, Texas received $41.46 billion in unclassified federal R&D
funding. After a drop in 1999-2000/2001 to $3.8 billion, federal R&D funding has been
increasing, to $4.3 billion in 2003. Of this, 97% was related to DoD, NASA, Health & Human
Services and the National Science Foundation. Over the 10-year period, these agencies have
consistently been the largest recipients of unclassified federal R&D funding in Texas. DoD
funding has remained at approximately $1.9 billion annually, with a drop in 2000-2001; NASA
funding has declined slightly since 2000 to $1.1 billion in 2003; HHS has increased from $521
million in 1997 to $858 million in 2003, and NSF has stayed in the $103-118 million range from
2001-2003.

There are greater fluctuations in other agency funding, with DVA, DED and DOE showing
significant increases since 2000.

By technology sector, aerospace, life sciences and biotech and defense represent almost 91% of
the $41.46 billion total. Telecommunications and advanced computing represent less than one
half of one percent ($204 million). However, it is difficult to attribute a precise dollar value to
R&D for the IT Cluster because of the embedded nature of IT ─ in advanced manufacturing,
advanced materials, energy, computers and communications, other science & technology,
aerospace, defense and life sciences & biotech. Yet, clearly, investment in IT-related efforts have
a multiplier effect because of the breadth and depth of the IT Cluster.

During this period, Dallas County has been the largest recipient of unclassified federal R&D,
averaging over $1.8 billion annually, followed by Harris County which received $1.5 billion
annually. These two counties account for almost 81% of unclassified federal R&D in the period
1993-2003, and this has not varied year over year.

5.4.2 Small Business Innovation Research
SBIR grants have been a steady source of funding for Texas and the state has consistently ranked
8th or 9th nationally in total SBIR funding. The SBA reports aggregate SBIR funding and no
detail is available for classified/DoD grants. Funding for unclassified SBIR grants in Texas has
increased slightly over the last four years, yielding $29.1 million in 2003, $26.5 million in 2002,
$22.5 million in 2001 and $19.5 million in 2000.
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States receiving grants in this category ahead of Texas include California, Massachusetts,
Virginia, Maryland and Colorado in the top five for 2001 and 2002.

There is a concentration of SBIR grants, with 10 companies accounting for almost $100 million
in grants over a 10-year period. IT is clearly embedded in the operations of many of these:
Proportional Technologies, Ambion, Biomedical Development are in the biotech field; Microfab,
Systems & Processing Engineering, Metrica and Ionwerks have activities in advanced
manufacturing. Several of these companies produce products in multiple clusters, notably
Lynntech.

Company Name Location County

No. of 
SBIR 

Awards 

SBIR 
Funding 

($M)
Lynntech, Inc. College Station Brazos 415 39.86 
American Hi Quality Houston Harris 118 12.76 
Proportional Technologies Inc. Houston Harris 54 9.09 
Ambion, Inc. Austin Travis 57 7.33 
Microfab Technologies, Inc. Plano Collin 67 6.70 
Biomedical Development Corp. San Antonio Bexar 64 6.53 
Systems & Processing Engineering Austin Travis 67 4.26 
Metrica, Inc. San Antonio Bexar 32 3.94 
Ionwerks, Inc. Houston Harris 36 3.68 
Knowledge Based System, Inc. College Station Brazos 52 3.53 
Total 962 97.68 

*DOD SBIR data is restricted

Figure 8.  Top 10 Performers
1993-2003 Unclassified SBIR Funding in Texas 8

5.4.3 Private Sector R& D
Private sector R&D data are available for the last three years and is based on information in
public company reporting documents. From 2002-2004, almost $10 billion has been invested in
communications, computer programming & design, computer equipment & communications and
radio & TV equipment. Investors include SBC, Verizon, Allegiance, EDS, Alliance Data
Systems, Dell, Crossroads Systems, Cirrus Logic, Data Race, Alamosa Holdings and Digital
Recorders.

Opportunities
Technology transfer and commercialization opportunities for leveraging all R&D investments –
private and public, unclassified and classified – represent tremendous opportunity for growth in
Texas. For the IT Cluster, a baseline perspective of all funding sources should be established. As
the cluster initiative moves forward, additional research can be conducted into the outcomes and
effectiveness of R&D investments in terms of economic impact for Texas.

Key metrics would include the number of technology licenses and revenue derived as a
percentage of research dollars. In addition, more detailed analysis by research type, industry
sector, technology type and region, as well as university rankings based on these statistics should
be used. Finally, all of these metrics should be tabulated across all Texas clusters.
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5.4.4 Patents
Overall, Texas ranks high in terms of sheer number of patents issued in the US, behind
California and New York, and patenting in high tech areas has been consistently ahead of the
U.S. national average since 1998.

In the period 1990 to 2003, IT/Telecom patents represented 24% of all Texas patenting activity
(17,608 of 73,200 patents), as reflected in the chart below.

Computer hardware and computer software are two of the largest and fastest growing areas of
patenting in Texas, growing at 213% and 306%, respectively, over the last seven years. Growth
in computer software patents nationally is approximately the same as that for Texas, but Texas
computer hardware patents has grown significantly more than the national average (151%).

Telecommunications patenting has increased at 185% in Texas during this period, versus 98%
nationally. Texas has a relatively large number of patents in the Electrical Components area, with
patenting almost doubling in recent years. Texas’ patents in this technology are also above
average in terms of their impact and links to scientific research. Many of Texas’ patents in this
area are assigned to Lucent.

Navigation/Global Positioning Systems (GPS) is a very small area of patenting within Texas
(only 50 patents issued between 1997 and 2003), however, Texas’ patents in this technology are
very highly cited and are closely linked to scientific research. Several large, Texas based
companies have patents in this area, including Raytheon, Texas Instruments, IBM and Lockheed
Martin.

Reflected in patenting, the technology focus of different areas of Texas varies greatly. Austin,
Dallas-Fort Worth and, to a lesser extent, San Antonio, focus mainly on high tech industries such
as computers, telecommunications, semiconductors and pharmaceuticals. Meanwhile, Amarillo,
Beaumont-Port Arthur, Houston-Galveston, Midland-Odessa, South Texas and Tyler concentrate
on more traditional industries such as oil exploration and drilling, industrial machinery and
chemicals. El Paso, College Station and Lubbock combine both high tech and traditional
industries.
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IT/Telecommunications Patents in Texas by Region, 1990 - 20039

Region

Total
Patents

in
Region

Number of
IT/Telecom
Patents in

Region

IT/Telecom
Patents in Region

as % of Total
Patents in Region

IT/Telecom Patents
in Region as % of

IT/Telecom Patents
in Texas

Austin 17,018 8,083 47.5% 45.91%
Amarillo 237 14 5.9% 0.08%
Beaumont-Port Arthur 624 5 0.8% 0.03%
College Station 707 35 5.0% 0.20%
Dallas-Fort Worth 25,883 6,645 25.7% 37.74%
El Paso 456 31 6.8% 0.18%
Houston-Galveston 22,213 2,207 9.9% 12.53%
Lubbock 423 24 5.7% 0.14%
Midland-Odessa 404 4 1.0% 0.02%
San Antonio 2,822 245 8.7% 1.39%
South Texas 762 7 0.9% 0.04%
Tyler 258 5 1.9% 0.03%
Other Regions 1,393 303 21.8% 1.72%
Total 73,200 17,608 24.1% 100%

Figure 9.  IT/Telecommunications Patents in Texas, by Region, 1990-2003

As reflected in the chart above, Austin, Dallas-Fort Worth and Houston-Galveston are the
leading Texas regions for patents. Austin leads in terms of IT/Telecom: almost half of Austin
patents are in IT/Telecom which represents almost half of all the Texas patents in that sector,
making Austin the most IT-centric region in Texas.

As part of the IT Cluster assessment, benchmarks and metrics for Texas patent activity and the
resulting contribution to the Texas economy can be developed to include patents per capita,
patent issuances by companies or institutions and major regional patent producers. As mentioned
above, it is important to tie patents to licensing and royalties to assess tangible value.

5.4.5 Venture Capital Investment in Texas
Venture capital information is based on data from the MoneyTree Survey, a quarterly study of
venture capital investment activity in the United States produced through a collaboration
between PricewaterhouseCoopers, Thomson Venture Economics and the National Venture
Capital Association.

Between 1995 and 2004, $18.13 billion in venture capital was invested in Texas companies.
Texas consistently ranks 5th or 6th in venture investing, behind Silicon Valley, Boston, Southern
California, the Southeast and the Mid-Atlantic.
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The MoneyTree Survey classifies and defines industries in a way, which does not correspond
directly to the cluster definition provided in the Texas Industry Cluster Initiative legislation, so
the results shown here are not exact. For instance, while the data for the telecommunications
sector was available in a single category, it was necessary to combine the data from four separate
industries (referred to by the MoneyTree Survey as IT services, networking and equipment,
semiconductors and software) in order to best represent the information technology sector (See
Appendix E). Despite its limitations, however, the overall accuracy of the data is sufficient to
provide a reliable and compelling snapshot of venture capital activity in Texas.

520.0588.8620.51475.3291.2923.7304.8240.7132.665.9
185.7264.5292.6608.01144.9532.1221.9134.3140.168.1
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Figure 10.  VC Activity in Texas IT and Telecom Sectors, 1995 – 2004 (millions of $) 10

The chart below depicts how venture capital has been invested in Texas, showing that almost
50% of it is in telecom and IT, over the period 1995 – 2004.
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*These clusters are composites of 
multiple industries  
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19.8%

28.5%

9.3%
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2.8%
Biotech

Adv. Manufacturing*

Industrial/Energy

IT*

Telecom

Other

Figure 11.  Texas Venture Capital Investment by Industry Cluster, 1995 – 2004 Totals 11

Additional information on private equity – venture capital and angel investments – must be
developed to more accurately reflect this funding source and its impact on the growth of Texas
companies in the IT Cluster. It should be put in context to show comparisons of Texas with other
regions and states, of regions within Texas and across all clusters in the Governor’s Initiative.

5.5 – Regional Cluster Economic and Industry Asset-Base
During the IT Cluster assessment, it was evident that there is a lack of information – or central
place to locate it – about all of the activities, programs, initiatives, resources, organizations,
institutions, research and education that supports Texas’ IT Cluster. Details, including content,
purpose, sponsors, people, logistics and expected outcomes, are vital to all stakeholders who
operate within the cluster. These networks represent the infrastructure that connects and unifies
the IT Cluster.

There was consistent interest to identify these assets within the IT Cluster regions and to then
aggregate the regional information across the state. This is included in the list of tactics for the IT
Cluster working groups to address.
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6 – Further Recommendations and Next Steps

The Executive Summary, Section 2 of this report, includes the IT Cluster team strategic
recommendations. Supporting this direction, working groups can be convened to review the
recommendations and ideas generated by this assessment process and to establish a competitive,
strategic plan for the IT Cluster and Texas. Priorities will be set and depend on the direction of
the governor and leaders of Texas.

The Cluster team and the working groups will include key constituencies – a mix of large,
medium and entrepreneurial companies, venture capital and the education community and will
establish operating and communications processes to ensure effective and efficient use of
participants’ time and resources. The Cluster team needs the resources of a dedicated coordinator
to facilitate, support and steward this process. High level objectives include:

• Identify short term/high impact activities to sustain momentum.

• Develop, measure and communicate key trends, milestones and metrics for the IT
Cluster.

• Establish aggressive schedules and eliminate barriers to demonstrate commitment to this
ongoing statewide cluster process.

• Leverage the IT Cluster team to analyze, debate and promote the cluster and connect and
communicate with regions in the cluster.

• Identify and foster partnerships with industry, government and education that benefit the
IT Cluster.

• Build enduring communications programs and tools (newsletters, website) to connect and
inform participants across the state.

6.1 – Further Recommendations
The IT Cluster team grouped issues into four overarching areas, and ideas and tactics were
identified and aggregated for further evaluation, prioritization and action by the IT working
groups:

Capital and Commercialization
• Remain active in the design, development and deployment of an effective statewide

commercialization plan.
• Identify individuals, organizations and institutions working in technology transfer and

commercialization and connect them to establish critical mass and identify gaps.
• Set targets, measure effectiveness, educate on value of commercialization to Texas,

sustain high levels of engagement and promote successes.
• Create and sustain a state fund for seed stage companies; leverage Texas Emerging

Technology Fund.
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• Proactively promote venture-investing opportunities in Texas, inside and outside the
state through a variety of channels, including statewide forums.

• Develop statewide cluster and regional programs to educate entrepreneurs about grants
and to showcase successful endeavors.

Workforce/Education
• Facilitate ongoing dialogue with designated constituencies in industry and education

regarding future trends and specific needs, focused on specific IT Cluster segments.
• Develop a broad and intensive campaign to communicate information on IT

professional opportunities, career choices and paths for students early in the education
experience.

• Support the ongoing creation of dynamic curriculum to better meet workforce needs
now and for the future.

• Set, publish and measure specific goals to produce graduates in core technology,
science, engineering and math and align education goals with business imperatives to
address future needs.

• Define the economic model and identify funding sources for worker retraining.
• Benchmark Texas colleges and universities against top technical schools, identify gaps

and address them.
• Explore the use and potential outcomes of directing resources to keep students in Texas

after graduation.
• Develop a recruiting portal for Texas technology professionals and Texas-based

businesses to aggregate talent and opportunities.

Collaboration
• Focus the IT Cluster to leverage and connect the best technology bets across clusters,

regions, the state and globally, strengthening the cluster itself and the companies in it.
• Single out and leverage cross-cluster and convergent technologies – (e.g., homeland

security, Cybersecurity, RFID, logistics, advanced manufacturing).
• Compile and communicate an inclusive inventory of Texas resources for IT businesses,

entrepreneurs and their stakeholders.

Business Climate
• Engage education and business leadership and gauge success of efforts in promoting

and facilitating economic development interactions with industry creating and growing
Texas companies, as well as attracting and retaining businesses in Texas.

• Encourage top universities and faculty to demonstrate tangible research to benefit the
IT industry in Texas.

• Connect and communicate existing Texas incubation/acceleration efforts in a broad,
industry and statewide collaborative.

• Identify, connect and communicate resources that are in place today for entrepreneurs
and for small and medium enterprises.

• Periodically examine all appropriate state regulatory and tax policies to ensure that they
create and support the expansion of the IT Cluster in Texas.

• Educate and promote the importance of a statewide vision, funding and comprehensive
plan for broadband and wireless deployment across Texas.
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6.2 – Next Steps
The IT Cluster team supports the establishment of cluster working groups both for the IT Cluster
along with cross cluster working groups for those issues that affect all of the clusters. We await
the direction of the governor and Texas leadership. We have not formalized a strategic plan in
this report but will use the direction of the governor, the results from the assessment and
establish metrics and a working plan to accomplish the objectives we are given.
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7 – Information and Computer Technology Cluster Team/Contributors

The Texas Information and Computer Technology Industry Cluster team is chaired by Lonnie
Martin, Founder and CEO of White Rock Networks. Cluster team members, contributors and
assessment participants include:

Cluster Team Members Organization
Lonnie Martin, IT Cluster Chair White Rock Networks
John Boehm Fulbright Jaworski
Chrissy Camacho AeA
Sheridan Chambers The Denim Group
Clare Emerson AeA
Bernie Francis Business Control Systems
George Henson HP
Neil Iscoe UT Office of Technology Commercialization
Steve Kiser SecureInfo Corporation
Ofer Molad Performance Systems
Jan Newton SBC Texas
Glenn Norem eeParts, Inc
Jan Odegard Rice University Computer/Info Tech Institute
Lawanda Parnell IBM
Brad Rable USAA
Michael Sigman Sematech
Bill Sproull Metroplex Technology Business Council
Walter Ulrich Mincron Software Systems

Cluster Team Contributors Organization
Gary “Bud” Abbott Abbott Consulting
George Brody Globe Ranger
Fred Chang University of Texas
Vince Chapa ACP Consulting
Bob Cook Regional El Paso Economic Development
Bob Digneo SBC
Ed Esposito University of Texas at Dallas
Randy Goldsmith San Antonio Technology Accelerator Initiative
Rebecca Junis World Congress on Information Technology

2006 (WCIT)
Larry Peterson MTMS
Bob Prochnow Houston/Austin Entrepreneur
Ted Rappaport University of Texas
Joel Simon CompTia
Carolyn Stark Austin Technology Council
Sharon Venable Greater Dallas Chamber
Aruna Viswanathan Houston Technology Center
Jim Watson STARTech
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IT Cluster Assessment Participants

Mike Acosta Institute for Policy and Economic Development
University of Texas at El Paso

Aftab Alam Prime Geoscience Corp.
David Altounion Motion
Kent Anderson North Central Texas Workforce Board
David Arbuckle SBC
Tomas Armendariz Greater El Paso Credit Union
Kathie Ashworth Northwest Vista College
Randall Baker Austin
Sridhar Balaji SourceSentry, Inc.
Maurice Ballew Raytheon
Walter Bates TX Educational Grid Project
Jeff Beauchamp ClinicStation
Barry Benedict Engineering/University of Texas at El Paso
Alison Benton Deloitte Tax LLP
Jay Boisseau Texas Advanced Computing Center UT Austin
Bill Booth EDS
Rodney Bradshaw Gulf Coast Workforce
Alison Brause ROII
Beth Bray SMRC
Jim Brazell VentureRamp
Michele Brekke Houston Technology Center
Linda Burns Greater Dallas Chamber of Commerce
Bruce Busbey TX Educational Grid Project
Todd Bush Houston Technology Center
Jim Butler City of Austin
James Campbell Delphi
Jose Canales Advanced Technology Center/El Paso Community

College
Lance Cantor DCRA Solutions
Yolanda Castillo-Crosley Minority Business Development
Cevin Cevin Currey Curry Adkins
Vince Chapa ACP Consulting
Russ Chianelli University of Texas at El Paso/Medical Professions

Institute
Dana Chiodo Chiodo Consulting
Joe Chirco First Genesis, Inc.
Patrick Christie ITT Technical Institute of Richardson
Dave Christilles AEA
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Andrew Clark The Castell Group
Patti Clapp Greater Dallas Chamber of Commerce
Kathie Cole RxTechnology
John Coleman Workforce Development Board Contractor
David Cook Convio
Peter Cooper El Paso County IT
Kevin Courtney El Paso Information Services
David Crooke Convio
Ross Dahman Huntleigh Technology Group
Susan Davenport Greater Austin Chamber of Commerce

Clarissa Davenay North Lake College Dallas County

John David Apex Software
Jamie Davis Phelps Dodge
Jessica Daw Stanton Street
Richard Deininger Deiningr & Assoc. Consulting, LLC
Brittany Devos Skill Point Alliance (CATF)
Jill Dickman Institute for Economic Development UT San Antonio
John Dickson Denim Group
David Dobson Economic Development
Sean Dooley Schriever Institute
Janice Dorr Houston Technology Center
Meredith Dowling Greater Dallas Chamber of Commerce
Chris Engle Angelou Economic Advisors, Inc.
Mike Farlow Institute for Economic Development UT San Antonio
Beatriz Fernandez DataXport
Jorge Fernandez DataXport
Bill Flannary University of Texas at San Antonio
Jason Ford Greater Austin Chamber of Commerce
Sharon Fortmeyer-Selan Sungard
Sloan Foster Armida Technologies
Tommy Fox Layered Rock Software, Inc.
Chet Frame Border Business Consultants
Keith Frazier BirdNest Software, Inc.
Paul Frison Houston Technology Center
Blair Garrou DFJ Mercury Venture Partners
Mark J. D. Gehri ITSA
Poat Givens Cy-Fair College
Bill Gleason Stone Bond Technologies, LP
Bob Glover University of Texas
Sam Goodner Catapult Systems, Inc.
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Bill Gottfried Houston
Suzanne Gorden SAIC
Mike Grannan SBC Laboratories, Inc.
Scott Gray CACI
John Green Austin
Aimee Gruber The Padgett Group
Missy Guillot Northwest Vista College
Scott Hardin New Horizons
Steve Hardy Collin County Community College District
Robert Harris Houston Independent School District
Shellie Heard Richland College
Gary Hedrick EPEC
Eric Hennenhoefer Obsidian Software, Inc.
Michael Hissam Delphi
Martha Hogan Richland College
Patty Holand Branch Facilities Connection
Paul Hooper North Central Texas Workforce Board
Bruce Howard University of Texas at San Antonio
Clay Howell Project Quest
Kimberly Hubbard Cy-Fair College
Matt Hyde City of Houston
John Jacobs Richardson Chamber of Commerce
Natalie Johnson North Central Texas Workforce Board
Katrieva Jones Cy-Fair College
Rebecca Junis WCIT2006
Bharat Kamdar Ingenious, Inc.
George Karutz Ehrenberg Chesler Investment Bankers
Krinshna Kavi The University of North Texas
Don Keime Phelps Dodge
Vitali Khvatkov Smart Imaging Technologies
Jon Kirkegaard DCRA Solutions
Shirley Knox WorkSource Greater Austin WF Board
Greg Lambert New Horizons
Jack Landman Jack Landman Technology
Bill Lawrence Armida
William Leddy Znovation, LLC
Earnest Lloyd City of Dallas Office of Economic Development
Joshua Lo Cy-Fair College
Richard Mackinnon Austin Wireless City Project
Daniel Mailman OHAI Technologies
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Patrick Malloy San Angelo Chamber
Deborah Mansfield Houston Technology Center
Fred Mapp WCIT 2006, Inc.
Kala Marathi Houston Angel Network
Dee Margo President/JDW Ins.
David Marquez Bexar County
Charles Martinez Bexar County
Conrad Masterson Nanotechnology Foundation of Texas
Sandra Mauldin City of Lockhart
Paul Maxwell University of Texas at El Paso
Dean McCall
Cindy McClister Tech Now
Matt McElroy Institute for Economic Development UT San Antonio
Jamie McElroy Sematech
Fran Means Logistics Council
Glyn Meek TriActive, Inc.
Betsy Merrick Office of Technology Commercialization UT Austin
Greg Merritt Karta Technologies
Alan Miller Alamo WorkSource
Bill Mock Greater SA Chamber of Commerce
Ron Modesty Capital IDEA
Mervin Moore MNK Architects
Deborah Mostert Greater Houston Partnership
Jim Motes ACS
Ron Munden E.P.V. Group
Stu Munson McGee New Mexico State University
Kevin Nesmith Silicon Integration Initiative Inc.
Cynthia Nevels Intergrality Global Solutions
Zennah Nguyen Richland College
Ken Nguyen SourceSentry, Inc.
Steve Nivin City of San Antonio
Jeffrey Noyes University of Texas at San Antonio
Adrian Ocequeda City of El Paso
Carlos Olmedo Institute for Policy and Economic Development

University of Texas at El Paso
Fernando Ortega Greater El Paso Credit Union
Roberto Osegueda UT at El Paso
Manny Pacillas TX Manufacturing Assistance Center/UT at El Paso
Mendi Paschal UGS
John Patterson UT Arlington
Gerry Patterson Boeing
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Howard Pearlmutter ADVISTIX Inc.
Paul Peck Covaro Networks
David Powers Power Consulting
C. Prem Ambrose Nxgenebit
John Radpour SWB Laboratories, Inc.
Phil Ralston ProCorp
Wayne Rampey The Insource Group
Michael Ramsower Pratt & Whitney
Brenda Ransdell Vefo, Inc.
Matt Reedy Armida Technologies
Calvin Rennels TX Educational Grid Project
Barbara Ridley New Horizons of Dallas
Mila Rios IPOM
Angel Rivera TX Educational Grid Project
Rob Roberts EnterSys Group
Lorenzo Rodriguez Delphi
Tina Romanella TX Advanced Computing Center
Courtney Ross Greater Austin Chamber of Commerce
Marci Rotz El Paso Hispanic Chamber
Fabiola Rubio El Paso Community College
Trey Russell TMCT
Kara Sagebiel San Antonio Technology Accelerator Initiative
Oscar Salcedo TX Manufacturing Assistance Center/UT at El Paso
Curtis Savage ITT Technical Institute of Richardson, TX
Rosalba Scotto EDS
Dan Seal Greater Houston Partnership
Vibhu Sharma Ingenious, Inc.
Danny Sharon Adolos Strategic
John Shellene Greater Dallas Chamber of Commerce
Randy Shorts Brown Jordan
Ed Shugert El Paso Times
Joel Simon CompTia
Sheldy Starkes Bockter, Starkes & Patodia
Scott Starks Engineering/UT at El Paso
Mark Stillings Verizon Wireless
Daniel Sullivan Austin
Pamela Szabo Stone Bond Technologies, LP
Brad Tashenberg Bradmark
Becky Taylor TD Partners
Valerie Taylor Texas A&M University
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Anne Thompson San Antonio Technology Accelerator Initiative
Christina Todd North Harris Montgomery Community College District
Martha Tovar Qualifind
Bryan Usevitch Engineering/UT at El Paso
Paul Valdez City of Houston
Murali Varanasi The University of North Texas
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1 – Executive Summary and Recommendations

1.1 - Overview of the Texas Petrochemical and Refining Cluster Assessment Report
The Texas Refining and Chemicals Industry Initiative Cluster is part of a recently launched
intensive effort to identify, bolster and exploit Texas’ competitive advantage in six technology
areas – each considered to be key to the state future economic growth. Texas is the nation’s
leading producer of oil and gas, refined products, and chemicals. These industries are closely
interrelated. For instance, the Texas chemicals industry is actually one of the largest consumers
of Texas petroleum products – both refined products and natural gas. Chemical plants not only
use oil and gas products as feedstock; they are substantial consumers of natural gas and
electricity to power their operations.

Texas is home to 26 operating refineries (ironically, this is the same number of refineries it had
in the late 1930’s). Overall refinery capacity is approximately 4.3 million barrels per day,
accounting for over 26 percent of total US production, and approximately 5.3 percent of
worldwide capacity. The value of the refinery shipments in 2002 was about $59.8 billion,
representing 27.3 percent of total US refinery shipments. Texas’ Gulf Coast refineries account
for 86.7 percent of the state’s capacity.1

In recent years, Texas’ refinery business has become far more complex. Environmental mandates
have required a tremendous amount of new investment to reduce refinery emissions and to
produce a variety of differing grades of lower-emitting fuels. Over the past decade, The U.S.
Energy Information Administration’s Impact of Environmental Compliance Costs, 1995 – 2001,
environmental mandates have accounted for from 10 to 50 percent of the industry’s overall
capital investment costs.2

Texas is the nation’s largest chemicals producer, manufacturing 14 percent of the nation’s value
of chemical output. The Gulf Coast complex of chemical plants and refineries is the largest
petrochemical complex in the world, home to over 200 chemical plants. While the state’s largest
complex of chemical plants is along the Gulf Coast, the industry itself is much more extensive.
At least 124 of Texas’ 254 counties have some amount of chemical manufactured output.3

Refining and petrochemicals are typically dependent on natural gas and other hydrocarbon
derivative products as both feedstocks and fuels. As natural gas prices have risen in recent years,
margins for these commodity products have been constrained. At the same time, international
markets have drawn competitors to Asia, Europe, and Latin America. Global pricing
mechanisms now are at work for both crude oil and natural gas. This shift to a fundamentally
global market has had a tightening effect on North American supply, where competition is based
on economies in production, and processing is moving increasingly close to supply.4

At the same time that supply is constrained in Texas, the “gas bubble” is apparently drawing to a
close with the advent of facilities to handle large quantities of liquefied natural gas on the Texas
Gulf Coast. Increasing plant automation and “product lifecycle management” DCS applications
are displacing workers but increasing product margins, if only slightly. Co-locations of
subsidiary production, and other supply chain partnerships, are creating new business models.
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1.2 – Recommendations
The Refining and Petrochemicals team, along with industry stakeholders across the state, met in
a series of cluster meetings and regional forums, to discuss sector-specific issues and initiatives.
In the context of regional and state strengths and weaknesses in the industry, the groups were
asked to develop opportunities that would impact both the industry and the region. These results
were then reported back to the cluster team, were compared and prioritized. Three of these
priorities, collaboration, workforce, and education, were identified as cross-cluster opportunities.
In addition, three other priorities were identified as sector-specific.

1. Collaboration
Advanced Industry Collaborative Council – Create an Advanced Industry Advisory Council
funded by both state agencies and private sector companies across the industry spectrum
(plant operators, vendors, contractors, etc) who will select and direct technology projects to
be undertaken, and select the resources (state, federal, private, local) to be utilized in the
pursuit of those projects.

Economic Development and Expansion Opportunities – Refining and chemicals companies
screen expansion opportunities much like venture capital; state, regional and local
governments must work in concert with industry to define what makes particular regions
attractive, and help plant managers promote Texas locations.

Outsourcing of Applicant Screening – In some regions, plant managers perform screening
of potential candidates to build a “pipeline” of work-ready applicants. There is a strong
opportunity for industry to develop a pilot project for regional screening in collaboration with
the Texas Workforce Commission and local workforce boards, in which the state and
regional agencies could coordinate, administer, capture, and interview applicants, making the
information available to all plant managers.

2. Workforce
Skills Training – Breakthrough initiatives in the industry will require new skills. Industry
must work with the Texas Workforce Commission and higher education community to define
the skills needed, the curricula to develop these skills, the timetable for deployment, and the
screening and certification criteria to develop this new workforce, including Federal Energy
Regulatory Commission Certification for Liquefied Natural Gas (LNG) operators.

Industry Image
Texas graduates from community colleges and universities are not entering this industry;
what hiring has been going on in the industry has become dependant on international
graduates and immigrants, but this pipeline has dried up since 9/11.

• There must be a joint industry – education program to educate students, especially in
the community colleges and universities, of the opportunities in this industry sector.

• Industry must work with the state, federal agencies, and Texas’ universities to
establish a process by which companies can sponsor foreign students’ education at
Texas universities.
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3. Education
In all regions surveyed, there is a strong relationship between the industry and the local
community colleges.

Industry Demographic Study – Perform a joint study with the Texas Chemical Council and
the higher education community in Texas to identify high performance programs in the
delivery of “Work Ready” programs for the refining and chemicals industry.

• Identify and propose replication of “best practice” programs within the community
college system to meet the emerging needs of the industry. Jointly monitor and
manage the development of these “best practice” programs across the state.

• Work with the higher education community in Texas to streamline regulatory
processes for the development and deployment of curricula leading to specialized
certification in areas identified as priority requirements by industry

“Just In Time Workforce” – Breakthrough technology initiatives will require new people
with new skills and competencies

• Partner industry with community colleges and technical schools to strengthen a
“workforce pipeline” of technical skills and craft talent by strengthening curriculum
development and establishing certification standards along emerging industry
requirements

• Develop and implement a “Youth to Energy” program in concert with state and local
educational resources to re-brand the industry and connect with future talent

1.3 – Sector-Specific Recommendations
1. Tax Policy – Millions have to be spent to improve a process or remain compliant with the

many regulations that affect the refining and petrochemicals industry. These funds do not
create jobs, but are a cost of staying in business. Without some new alternatives, state and
local tax structures will continue to be a damper on new development and expansion plans.

Industry must work with state, regional, and local governments to institute economic
incentives for expansion and job creation that mitigate the current tax structure.

Alternatives should include incentives for job creation in existing plants, as well as new
facilities, based on salary structure. In lieu of tax abatements, industry should be offered
assistance with capital investments and land purchases. Relocation grants should be used to
attract employers and should apply not only to key personnel but costs for relocation of
equipment.

2. Workforce Displacement and Re-training – Trends in plant automation must necessarily
continue to keep Texas refining and petrochemicals plants competitive in a global market.
The implications for workforce displacement is clear, and the opportunity cost of losing a
highly skilled workforce is also clear, both in terms of local economic impact and in terms of
the ability to remain competitive globally. Given the continuation of these trends in
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automation and employee dislocation, it is important for industry, local and regional
workforce agencies, and the state of Texas to address this problem.

State agencies must be proactive in working with industry to develop workforce intervention
strategies and plans for re-training displaced workers, so that these skill sets are not lost to
the industry and region.

3. Regulatory Agency Permitting Process – Permitting of facilities and projects was identified
as one of the highest capital costs for the sector.

The state should coordinate the permitting process among agencies, based on common
requirements, for facilities improvement and expansion.

Opportunities and Recommendations Summary

Collaboration • Advanced Industry Collaborative Alliance
• Economic Development and Facilities Expansion
• Applicant Screening

Workforce • LNG Skills Training
• Industry Image

Education • Industry Demographic Study
• “Just In Time” Workforce for emerging skills and technologies

Tax Policy & Incentives • Institute non-traditional economic incentives for expansion and
jobs creation that mitigate the current tax structure

Workforce Displacement
& Re-Training • Develop workforce intervention strategies and plans for re-

training displaced workers
 Permitting Process
Rationalization &
Coordination

• Coordinate the permitting process among agencies, based on
common requirements
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2 – Assessment Methodology and Approach

The Cluster Initiative teams and their consulting firm used a multi-modal methodology to gain
valuable insights, commentary and guidance from over two hundred fifty industry leaders,
economic development practitioners, and vendor-suppliers supporting the growth of the cluster
in their regions. In order to engage this broad set of stakeholders and to capture their ideas
regarding building an innovation strategy, both high-level and grassroots activities were utilized,
including:

• A statewide electronic survey to assess attitudes toward innovation and competitiveness,

• Interviews with key stakeholders, including government, academia, and industry, to gain
insights and anecdotes about Texas’ strengths and weaknesses in the scientific,
technological, and entrepreneurial assets,

• Regional forums in three of the major energy “hubs” in Texas,

• on-going legislative and policy discussion with the Cluster Team, and

• Quantitative data collection from several third-party and original sources, including
RAND Corporation’s RaDiUS (Research and Development in the US) database on
federal funding, Schoenfield & Associates database on private sector research and
development, the 1790 Analystics patent database. Also included are Texas Workforce
Commission employment data, along with a number of other sources, provided the
information on assets and activities.

This approach culminated in a series of recommendations for discussion among the cluster team,
along with data providing appendices of related supporting documentation.

3 – Summary of Findings

3.1 Qualitative Data – Electronic Survey
In a statewide electronic survey, industry stakeholders were asked a series of questions
pertaining to technology, innovation, and competitiveness. Those interviewed included core team
members, regional forum attendees, and members of industry associations.

How important are these challenges to
firms in the state’s and specifically your
region’s technology sectors?

Very Important Important

Commitment of state and regional leaders to
improving the environment for growing a
business

71% 27%

Access to new markets 60% 31%
Attracting well-trained technicians 58% 33%
Retaining industry-based managers 56% 42%
Retaining well-trained technicians 56% 36%
Product innovation 53% 31%

Figure 2. Survey Key Results
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Commitment of State and Regional Leaders
As with many of the comments in both the core team meetings and regional forums, “business
climate” issues topped the list of challenges. Industry sees the commitment of state and regional
leaders as two-fold. The first way that state leadership demonstrates its commitment to the
industry is by dealing with taxation and educational reform. Taxation, especially property
taxation, is seen as burdensome on an industry that has such a high concentration of fixed assets.
Education, as an extension of the commitment question, relates to the lack of qualified workers
entering the industry. Educational reform is close behind tax reform in the priorities of this
industry group.

The second way the industry sees commitment coming from state and regional leadership is
through the fostering of new technologies, for the development of new or improved products,
and for the development of new plant processes. Plant processes are seen as everything from a
new catalysis process to innovative and less expensive ways to generate and delivery energy to
the plants.

Access to New Markets
A “market” was once defined as an event that occurred in a particular place at a particular time.
This is still true of some markets. The refining and petrochemicals market, though, define a truly
global market, where customers are free, if not always able, to buy in any geographic location
they choose, and prices are equalized worldwide.

The ability of Texas plants to reach new markets is of high concern. True commodity products
are undifferentiated, so competition is based on economies of scale, margins, and volume. Given
that margins should improve through process improvement and other cost containment
initiatives, as well as improved fuel and feedstock costs with the development of LNG facilities
in Texas, new markets should improve revenue, profitability, and jobs.

On average, a $1 increase in orders from a Texas petrochemical plant generates $2.33 of
business in the state economy, and increases personal income by $0.45. Every new job in these
industries creates a total of 6.6 new jobs in Texas. The Lone Star State has a vested interest in
helping the industry market itself and its products to this increasingly global and expanding
market, leveraging not only the plants and products across the state, but also the world-class
infrastructure that facilitates trade.

Attracting and Retaining Technical Professionals
“Workforce” concerns reinforce the difficulty of attracting talented technical professionals. The
issue of retaining these technical professionals is even more of an issue to management. Since
there is little or no pipeline from which to draw replacement workers, companies are forced to
compete on employee retention, and tend to “poach” each other’s employees.

Product Innovation
The Texas refining and petrochemicals industry is looking at product innovation in two ways.
The first is in the improvement of current products. Current industry focus in the chemicals
industry is on the production of basic chemicals that are used in industrial processes and as
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feedstock for further refinement. Among the top chemicals that Texas manufactures is ethylene,
a basic chemical building block used in plastics, fire retardants, dyes, cosmetics, and explosives,
among others.

Texas’ ethylene cracker plants have an efficiency advantage over other types of crackers, and the
importation of liquefied natural gas with high “heavy gas” content may improve the competitive
position by increasing availability and lowering cost. The focus of state and regional officials on
facilitating the permitting and construction of LNG plants along the Texas Gulf Coast is a
primary concern.

New product development through research and development is also a high impact area for the
industry. The commitment on the part of the state to foster collaboration, among companies, and
between industry and the university systems, can help these players develop new and higher
margin “niche” products, and develop robust entries into new markets.

Research and Development
The survey responses (below) from this industry group point to a perceived lack of correlation
between academic and research institutions and innovation in the petrochemical industry. If
future collaboration is to take place in this arena, this perception will have to change
dramatically.

“How important are the following sources of
innovation in your organization? ‘Innovation’ is
described as the creativity process sparking new
products and services, and leading to accelerated
growth in revenues, sales, and/or recognition.?”

Universities and research organizations
Very Important 7%
Important 21%
Neither Important nor Unimportant 43%
Unimportant 11%
Very Unimportant 11%
Not Applicable 7%

Government laboratories
Very Important 4%
Important 14%
Neither Important nor Unimportant 32%
Unimportant 21%
Very Unimportant 11%
Not Applicable 18%

Sources of innovation are not seen as coming from outside of the industry, but are seen as the
product of either company (private) research and development effort, or of service-company
level (plant) innovation.
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3.2 – Perryman Plant Managers’ Survey
The Perryman Group (TPG) is an economic research and analysis firm located in Waco, Texas.
TPG has decades of experience in evaluating industries, economic impacts, and business
conditions. In particular, the firm has been actively involved in forecasting and analyzing the
energy sector on an ongoing basis for the past 25 years.

Through the course of the Plant Managers’ Survey, TPG analyzed results of a survey of refining
and petrochemicals firms located in Texas, and reviewed other information related to the refining
and petrochemicals cluster. TPG then quantified the economic impact of the cluster on counties
with a significant presence in the industry as well as the state as a whole; and studied potential
policy directions to

(1) help ensure the future viability of the cluster in the state and

(2) enhance Texas’ chances of being chosen as the site for future expansion.

The Refining and Petrochemical Cluster has exceptionally high “multipliers” due to high value
added and the capacity to provide many needed inputs throughout the production process.

On the whole, the cluster is responsible for more than $260 billion in annual total Expenditures,
$82 billion in Gross State Product, almost 870,000 total jobs, and $3.6 billion in annual state
revenues. Some of this activity is disbursed around the state, but it is concentrated in several key
areas (primarily along the Texas Gulf Coast).

Although employment within the cluster peaked in the early 1980s and has declined in recent
years, output and income have continued to expand. Future employment is expected to expand
modestly.

Global demand and production factors will drive much of future industry expansion, but current
capacity constraints will likely create ongoing opportunities for domestic expansion. Industry
participants see the overall tax base and regulatory environment as the primary sources of
concern regarding future success in Texas. Job training and other facets are also important,
although to a lesser degree. The Texas business climate is seen by members of the cluster as
losing ground with regard to crucial factors (tax burden and regulation).

Survey respondents have identified more than $3.2 billion in near-term (2005-2008) investments.
The industry total is much higher. In order to be successful in expanding the cluster, it is
imperative that Texas

(1) revamp its tax system (particularly the reliance on property taxes and the capital
component of the franchise tax) so as not to overly penalize capital-intensive firms,
and

(2) work to reduce environmental and other regulatory compliance costs in an
enlightened and competitive manner.
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Other key initiatives include more focused training, adequate infrastructure investment, and
incentives to offset key disadvantages. Because of the high multipliers and substantial market
potential, this cluster is extremely desirable for ongoing expansion.

In summary, the current shortage of global capacity and increasing demand for petroleum
products will generate future development of new facilities. Texas has a long history of
leadership in this cluster and enjoys substantial capacity to support expanded activity. To be
successful, however, the state must pursue an aggressive policy agenda on multiple fronts.

3.3 – Qualitative Data – Stakeholder Perspectives from Telephone Interviews
In a survey of core team members concerning innovation and technology, the following
responses were collected

Question Response
If you had one ‘chip’ on which to bet
Texas’ current or emerging science
and technology opportunities, where
would you place your bet?

There are 3 LNG terminals in development in our region, being
installed as partnerships. Gas plant goes on chemical company
land, and the chemical company gets cheap gas, while gas is
also sold to the market.
Communications and transportation is the most promising.
Technology has changed the way the industry does business,
i.e.; communications all along supply chain, and the movement
of materials. Logistical information and “Just-in-time”
systems/process management have changed the environment.
The product hasn’t changed significantly.
Partnership with the pharmaceutical industry, finding ways to
tweak existing processes to make new products for the
pharmaceutical industry.

How would you measure success for
your firm, given the potential
generated by greater collaboration on
innovation?

1.Commercialization of new products and technologies
2. Percentage of new products patented and released, and
3. Changes in profitability

1. Health and strength of companies
2. Ability to grow jobs
3. Value-added products

What 2-3 specific scientific and
technological areas within and in
support of the Petrochemicals cluster
do you consider makes Texas a
competitive region?

1. University of Houston
2. A&M Engineering program – one of three universities that

BASF draws from
3. Nuclear power plant
4. High tech chemical plants
5. Strong expertise in medicine
1. Bayport container terminal
2. Primary and secondary processing of petrochemicals
3. The Houston ship channel give us plentiful natural

resources, and proactive zoning
4. Strong, diverse, pipeline infrastructure
5. Homeland security - Air force and national guard minutes

away
6. Consortia, good communication between companies and

counties

Figure 3. Interview Results Summary



12

Question Response
1. Petrochemicals – two-thirds supply nation and world,

dominance in the field
2. Current workforce and education programs – our program

in process technology is the only one that exists.
3. A majority of petrochemical sector workers are getting

ready to retire; ‘baby boomers’ make up 75 % of work
force. The process experts running the plant complexes will
not longer be in the workforce

4. Need to educate a new workforce – promoting a new degree
out of the community college

5. Protect current Texas industries
6. National Association of Manufacturers is working to

promote manufacturing as a career
1. Biotech is a key area that impacts the petrochemical

industry, and in which Texas has a strength
2. Aerospace-NASA also relates to petrochemicals
3. Computer science and new technologies impact the

productivity of industry in general, and Texas has this asset.

Figure 3. (continued) Interview Results Summary

3.4 – Qualitative Data – Regional Forums
Three regional forums were held to solicit industry and stakeholder input into the current “state
of the industry,” and to build a collaborative vision of the economic development opportunities
and threats for the Texas refining and petrochemicals industry. The meetings were held in
Beaumont, to represent the Southeast Texas region, in Houston, to represent the Houston and
Bay Area regions, and Corpus Christi, to represent the South Texas region.

Attendees included operations managers from local plants and refineries, academics, community
colleges, economic development professionals from local and regional and local agencies, and
infrastructure managers, such as directors of the ports of Houston and Corpus Christi. Primary
industry input came from Corpus Christi, where the majority of attendees came from industry,
and from Houston, where the group included industry senior management and industry
consultants. Universities represented included Texas A&M University, University of Houston,
Lamar University, San Jacinto College, and Texas A&M – Corpus Christi.

The venture capital and commercial banking firms were not in attendance due to scheduling
conflicts in Houston (seen as a center in industry-specialized lending), and the major service
companies, such as Kellogg and Bechtel were invited but unable to attend. Also missing were
members of ancillary clusters, especially the information technology and advanced
manufacturing industries.

Each regional forum was introduced as a “town hall” meeting for the discussion of regional
issues and resources. Attendees were introduced to the work done by the core team, and standard
facilitation techniques were used to collect input and validation of the strengths, weaknesses,
opportunities, and threats for the region.
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In every meeting, the major topics that emerged included education, workforce requirements,
industry image, plant expansion, and technology transfer / commercialization. There were also
key regional differences in viewpoint and resource.

An Overview of Regional Strengths, Weaknesses, Opportunities and Threats
Beaumont Houston Corpus Christi

Strength
A existing, highly skilled workforce
is supported by extensive
infrastructure.

Strength
The national perception of engineers
educated in Texas universities is that
they are the best qualified to come
out of school and go directly into a
job site position.

Strength
Infrastructure – a critical mass of
plants and support services,
combined with transportation assets
such as sea, air, highway
connections, etc. are a major
strength of South Texas and create
an environment of collaboration
among stakeholders.

Weakness
As regional plants automate to try to
remain competitive in a global
market, worker displacement will
continue and workforce skills are
lost to other industries and regions.

Weakness
The refining and chemicals industry
is not seen as an attractive industry
for college graduates because of its
cyclicality and image. Graduates do
not see the high technology content
in these jobs.

Weakness
Millions have to be spent to improve
a process or remain compliant; this
does not create jobs, but is a cost of
staying in business. At the same
time, the permitting process slows
these major capital projects,
especially by environmental
regulators. This only raises costs.

Opportunity
At Lamar University, there is an
emerging center of excellence built
on composite materials
development.

Opportunity
There is a significant opportunity to
create a “research triangle” around
petrochemicals in the Houston
region, based on the combination of
plants, universities and supporting
services that are available. An
example of such a paradigm-shifting
project would be in low sulfur
regulations, which necessitate the
development of new catalysis
processes, providing a competitive
advantage.

Opportunity
LNG is one of the keys to the future
of the region. It will lower costs,
create jobs and guarantee feedstock
availability. At the same time, LNG
plants will require new skillsets,
which the industry can define and
develop in concert with state and
regional workforce authorities.

Threat
The industry is looking for
increasingly higher education
attainment levels for entry positions.
High school graduates no longer
qualify for “technician” positions.
Entry level positions require more
math and chemistry skills than are
being pursued in local schools.

Threat
The ramifications of the Clean Air
Act and Houston’s position as being
at non-attainment make it very
difficult to add to or build new
refining capacity in the region.

Threat
Current state and local tax structures
will continue to be a damper on new
development and expansion plans
unless new types of incentives are
created to reduce cost of location,
expansion and operation.

Figure 4. Summary Regional SWOT Analysis
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Regional Forum Evaluation
As a process, the regional forums were successful. The process generated some significant
insights into regional issues and opportunities, and built credibility for the Cluster Initiative as a
whole. In every case, the forums ran over the 3 hours allotted, and could easily have filled twice
that time. In each case, the attendees requested copies of the findings, and asked the presenters to
return with the state implementation plan. Buy-in on the part of all attendees was very high, as
was the enthusiasm level in the meetings.

It would have been helpful to have more industry input earlier in the process (only three plant
managers attended the first forum in Beaumont). Since the service companies, who compete on
levels of service, were seen as the “centers of innovation”, it would also have been helpful to
have more of the major service companies in attendance. As stated previously, one of the “wins”
of the process was to build interest in and credibility for the state’s initiative; given this increase
in interest, attendance and participation by these groups at any future meetings should not be a
problem.

If the regional forum process is to be repeated or replicated for other industries, or if regional
planning groups undertake similar initiatives, it would be important to bring these un-represented
or under-represented stakeholder groups to the table. Additionally, any review of the findings
should include VP and CXO level executives, who will bring a different perspective to the
discussion.

3.5 – Quantitative Data
3.5.1 Patents and Energy-Related Research and Development in Texas
Growth in patenting in Texas generally outpaced the U.S. average from 1990to 2003. However,
petrochemical related patents are mature, and newer areas of energy research and related
intellectual property is occurring outside of Texas. From 1997 to 2003, there were some 73,200
patents issued to companies or individuals in Texas. Some 5,150 of these patents were related to
the petrochemical industry. The vast majority of this activity took place in Houston, which is the
headquarters for many large petrochemical companies and service companies. Patenting is a
proxy for research and development, and is usually carried out in the private (non-university or
national laboratory) sector.

Figure 5

Petrochemical Patents in Texas by Subcategory, 1997 - 20045

Subcategory Number of Patents
Composites and Films 200
Dyes/Paints/Coatings 568
Other Chemical Processes 727
Other Chemistry 624
Other Organic Compounds 1390
Resins/Polymers/Rubber 1641
Total 5150
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The majority of sector patents (3,031 out of 5,150) were issued for innovation for resins,
polymers, and “other organic compounds”. Dyes, paints, and coatings lagged at 568. Chemical
processes numbered 727 and composites and films, identified as a sector opportunity, numbered
only 200 out of the total of over 5,000. Over 80% of the patents were issued to entities in either
the Houston or Dallas / Fort Worth region.

Figure 6

Petrochemical Patents in Texas by Region, 1997 – 20046

Region Number of Patents
Houston-Galveston 2826
Dallas-Fort Worth 1057
Austin 422
Other Regions 292
South Texas 138
San Antonio 123
Beaumont-Port Arthur 107
College Station 102
Midland-Odessa 26
Lubbock 18
Tyler 16
Amarillo 13
El Paso 10
Total 5150

3.5.2 Venture Capital
Venture capital information is based on data from the MoneyTree Survey, a quarterly study of
venture capital investment activity in the United States produced through a collaboration
between PricewaterhouseCoopers, Thomson Venture Economics and the National Venture
Capital Association. The MoneyTree Survey is the definitive source of information on emerging
companies that receive financing and the venture capital firms that provide it.

Because the MoneyTree Survey classifies and defines industries in a way which does not
correspond directly to the cluster definition provided in the Texas Cluster Initiative legislation,
the results shown here are not exact – it is possible that they include some funding which is
irrelevant to the cluster, and exclude some funding which is relevant. For instance, the
MoneyTree Survey does not classify the petrochemical and refining cluster as a distinct industry.
Instead, they include it in the data set they call “Industrial/Energy,” which they define as
including “producers and suppliers of energy, chemicals, and materials, industrial automation
companies and oil and gas exploration companies. Also included are environmental, agricultural,
transportation, manufacturing, construction and utility-related products and services.”1 Despite

                                                
1 PricewaterhouseCoopers, Thomson Venture Economics, the National Venture Capital Association
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its limitations, however, the overall accuracy of the data is sufficient to provide a reliable and
compelling snapshot of venture capital activity in Texas.

Figure 7
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4 – Cluster Mapping

The Refining and Chemicals Cluster assessment focused on regions in Texas with the greatest
concentration of refining and petrochemical industry employment. Mapping those employment
concentrations reveals some distinct regional attributes and opportunities to connect regions
across Texas.

Figure 8. Core Employment in the Petrochemical and Refining Cluster
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5 – The Competitive Landscape

The late 80’s and 90’s witnessed four distinct periods, with the Texas industry’s positioning
driven largely by the PC cycle. Gas-rich regions occupied the low end of the cost curve. The
Texas industry was able to remain competitive in an often-difficult environment.

Period Petrochemical
Markets

Cost of Crude Oil
($/bbl)

Cost of US Gulf
Coast Natural

Gas
($/MCF)

Competitiveness
of US Gulf Coast
Ethane Crackers

Late 1980’s Globally tight –
Asian driven import
growth

$12 - $20 $1.50 - $2.50 Export –
Competitive

Early 1990’s Global surpluses $18-$35 $1.50 - $2.50 Advantaged

Mid 1990’s Recovery and Price
Fly-Up

$15-20 $2.00- $2.50 Strong Position

Late 1990’s Asian driven
surpluses

Falling until 1999 $2.00 - $4.00 Losing advantage

Figure 9. Texas Competitive Position 1988 - 1999

Since 2000, Texas’ refining and chemicals competitiveness has deteriorated. Recent record high
crude and gas prices have started a reversal in this trend.

Period Petrochemical
Markets

Cost of Crude
Oil ($/bbl)

Cost of US
Natural Gas

($/MCF)

Competitive
Position

2000-2003 Weak $20 - $35 $2.50 - $7.00 Advantage Lost

2004-2005 Tight $35 - $55 $5.00 - $7.00 Improving Position

Figure 10. Texas Competitive Position 2000 - 2005
Global pricing mechanisms now are at work for both crude oil and natural gas. Given the rising
global demand for crude oil and refined products, OPEC is not able to keep up its production.
The continued strong demand for incremental barrels of crude is being funneled into energy-
thirsty Asian customers, especially China and India. Production constraints and higher cost
supplies, especially heavy crudes, from non-OPEC sources are re-setting the pricing base, but
even these outlets are limited by refining capacity.

The demand scenario for natural gas is similar. There is a fundamental shift from a continental
market to an increasingly global market. The market in North America is increasingly tight, and
ultimately is reliant on imported natural gas in various forms, including liquefied natural gas
(LNG). Only the Middle East and Eastern European countries, along with several other gas-rich
regions (Siberia, Indonesia, etc) have a substantive and persistent cost advantage in production.

Rising crude oil prices bring parity to energy costs, on a million BTU basis. As the energy
potential of crude oil and natural gas reach this equilibrium point on the world market, the
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operational efficiencies of Texas plants will finally deliver a slender marginal competitive
advantage.

Texas currently has six liquefied natural gas facilities under permit by the Federal Energy
Regulatory Commission, with a total send-out capacity of some 15.5 BCF per day. Two
additional projects, with a potential send-out capacity of an additional 2.2 BCF/day, have been
announced but are not yet approved.

Proposed
Terminal

Location Send-out
Capacity

Proposed
Markets

Project Status

Freeport LNG
Development, L.P.
(ConocoPhillips;
Chenierre)

Sabine Pass, Texas 1.5 Bcf/day
proposed expansion
would increase s/o to
4.0 Bcf/d

Terminal to serve
intrastate market

FERC issued
authorization on
6/18/04
In construction
In-service goal:
2007 winter heading
season

Corpus Christi LNG,
L.P.
(Cheniere)

Corpus Christi,
Texas

2.6 Bcf/day Terminal to serve
both interstate and
intrastate market

Application pending
at FERC

In-service goal:
2008

Vista del Sol LNG
Terminal, L.P.
(ExxonMobil)

San Patricio County,
Texas

I.  1.1 Bcf/day

II. 2.0 Bcf/day

Terminal to serve
both interstate and
intrastate market

Application pending
at FERC;
In-service goal: 2nd
qtr, 2008

Golden Pass LNG
Terminal LP
(ExxonMobil)

Sabine Pass, Texas I.  1.0 Bcf/day

II. 2.0 Bcf/day

Terminal to serve
both interstate and
intrastate market

Application pending
at FERC;
In-service goal: 2nd
qtr, 2008

Port Arthur LNG
Terminal and
Pipeline Project
(Sempra Energy)

Port Arthur, Texas I.  1.5 Bcf/day

II. 3.0 Bcf/day

Terminal to serve
both interstate and
intrastate market

Application pending
at FERC;
In-service goal:
2009

Ingleside Energy
Center LLC
(Occidental Energy)

San Patricio County,
Texas

1.0 Bcf/day Terminal to serve
both interstate and
intrastate market

Application pending
at FERC;
In-service goal:
2008

Figure 11. Status of Texas Liquified Natural Gas Facilities

What does this increase in LNG capacity mean for the Texas refining and petrochemicals
industry? These 6 proposed facilities have a combined send-out capacity of over 4 trillion cubic
feet per day, more than 3 times the current US capacity (including planned expansions), and over
2 ½ times the total European capacity for handling LNG imports.

As these LNG facilities come on line over the next three to five years, natural gas prices are
expected to plateau, and eventually recede, approaching the $4.00/MCF level. The combination
of increased supply, lower feedstock and fuel prices, and delivery infrastructure along the Texas
Gulf Coast should result in an improved competitive position for Texas plants.
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Many Middle Eastern exporters of LNG are shipping “wet” gasses, due to the lack of facilities in
that region. This may present an additional benefit to Texas plants, as it may be an opportunity to
strip “heavy” gasses from the LNG mix. These “heavies” can be used in a variety of products,
from plastics to fertilizers, and could provide both a lower price feedstock and an opportunity to
develop higher-margin “niche” products in existing facilities.

5.1 – Implications of Industry Trends for Texas

Future Trends
Industry • North American expansion will be limited. Capacity should grow about

0.5% per year through 2008. As a result, operating rates should climb to near
full capacity towards the end of the decade, and any additional demand
growth is expected to be filled by reduced exports and increased imports.

• At the same time, European expansion will be modest, and primarily located
in Eastern Europe.

• The chemicals sector customer base will continue to grow in developing
countries, especially China, and manufacturing capacity will follow.

• Health and safety will continue to be a driving issue, both in workforce
development and technology.

• Increasing importance of cutting-edge technology as a cost of staying
competitive.

• Environmental regulations will continue to impact the economic feasibility
of domestic expansion.

• Homeland security concerns are higher in this sector than in other energy-
related sectors, due to the concentration of assets.

• Consolidation among larger firms will continue. Many small firms, lacking
the resources to expand abroad, invest in expensive R&D and equipment,
and weather severe price swings, will fail.

Technology • Methane activation
• SCORE Technology
• CD Hydro Technology
• LNG receipt, transportation, and processing
• Natural gas conversion
• Clean coal technologies
• CO2 Sequestration
• Low sulfur regulations will drive research and development in advanced

catalysis systems and processes
• Advanced system controls and monitoring

Globalization • The critical mass of Texas’ operating plants, pipelines, supply, and
transportation will continue to generate economies of scope and scale to the
industry; however, capacity will need to be upgraded to retain a global
leadership position.

• Labor costs will grow in developing countries, but will remain dramatically
lower than US domestic costs.

• Globalization of “downstream” customers of the chemicals industry will
threaten the chemicals industry in Texas and the US, as industrial consumers
source intermediate product from less expensive regional providers

• Low-cost feedstocks will continue to favor the Middle East and Far East;
LNG capacities and the importation of “wetter” gas may be the equalizer.

Figure 12. Petrochemical and Refining Cluster Trends
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Impacts of Future Trends

• Domestic expansion will be driven by opportunities to exploit margins on select products and
on “niche” products and services.

• Competition with developing nations, and China in particular, will be driven by
 Low cost of construction, driven by lower labor costs,
 Low cost of operating labor,
 Synergies built on the rapidly growing industrial customer base, and
 Rapidly growing domestic demand in the region.

• There are many competing trends in the international arena, including
 There is a tremendous base of under-utilized educated workforce in China. How will this

workforce supply balance with future demand for skills? How will this trend move labor
costs?

 There is currently a very low labor cost, but it is rising rapidly. At what point does the
cost of labor become a dis-incentive to plant relocation?

• In China particularly, there is a rapid increase in domestic consumption of chemical products,
and a commensurate increase in manufacturing capacity. How much of the Chinese
manufacturing capacity will be dedicated to domestic consumption? At what point will
excess capacity be exported?
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6 – Assessment Acknowledgements
Special acknowledgement is hereby given to the Texas Petroleum Refining and Chemical
Products Industry Cluster Team chaired by Mr. Phil Anastasio, Plant Manager, Oxy Vinyls of
Deer Park, Texas. Cluster Team members include the following:

Cluster Team Members Organization
Phil Anastasio, Chair Oxy Vinyls
Steve Ames Gulf Coast Process Technology Alliance
Michael Barnhill Entergy
Erik Bliss State Strategy on Advanced Technology
David Cocke Lamar University
Art Colwell BASF
Andy Cunningham Flint Hills Resources
Tom Curlee Port of Corpus Christi
Ron Dipprey Texas Chemicals Council
Bart Gliatta Dow Chemical
Judy Hawley Port of Corpus Christi
Chris Hext Lubrizol
Flavius Killebrew Texas A&M University - Corpus Christi
Tom Kornegay Port of Houston
John Larue Port of Corpus Christi
Jan Lawler Economic Alliance, Houston Port Region
Bill Lindemann San Jacinto College District
Julie Moore OxyChem State Government Affairs
Greg Norgard Seadrift Coke, LLP
Lori Ryerkirk ExxonMobil
Millicent Valek Brazosport College
Jack Wu Formosa Plastics

Industry and Stakeholder Observers Organization
Renee Miller Texas Workforce Commission
Denny Gunia Centerpoint Energy
Mike Shields Baytown/West Chambers County EDF
Don Gartman Galveston County Economic Development
Ron Dipprey Assoc. Chemical Industries of Texas (ACIT)
Paul Chavez Bay Area Houston Economic Partnership
Sara Tays ExxonMobil
Charlie Jenkins Port of Houston
Allison Benton Deloitte Tax LLP
Larry Buehler Alliance Economic Dev. For Brazoria County
Clarissa Davaney North Lake College, Dallas County District
Linda Burns Greater Dallas Chamber
Kent Fuller Greater Houston Partnership
Bob Glover Ray Marshall Ctr LBJ School of Public Affairs
Adrian Ocegueda City of El Paso, Joe Wardy Mayor
Mike Acosta UTEP Policy & Economic Development
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6.1 – Additional Acknowledgements
This assessment process sought to engage and solicit input from a broad set of stakeholders
statewide through electronic surveys, regional forums and personal interviews by telephone and
meetings. In addition to the Refining and Petrochemical Cluster Team, acknowledgement is
given to all that contributed to this process, including thirty-two survey participants and the
following interview and forum participants:

Contributor Organization
Jack Burns Air Liquide America Corporation
Ron Arcenaux Arcenaux & Gates Consulting Engineers
Frank Tobia Arch Chemicals
Paul M. Chavez Bay Area Houston Economic Partnership
Mike Shields Baytown/West Chambers County EDF
Bob Shaw Bob Shaw Consulting Engineers, Inc.
Dave Maneman Calabrian Chemical
Dick Cuneo Chevron Phillips Chemicals
Randy Carbo CITGO
Kyle Hayes City of Beaumont
Andy Green Composite Tech, Inc.
Ralph Coker Corpus Christi Chamber of Commerce
Alison Benton Deloitte Tax LLP
David Smith ENGlobal Engineering, Inc.
Tom Odenthal Entergy Gulf States - Sabine Plant
Richard Faust Faust Engineering & Surveying, Inc.
Terry Shipman Fittz & Shipman, Inc.
George Gardner G.A.J. Investments & Associates, Inc.
Brad Ioerger Goodyear Tire & Rubber Company
Bert Black Great Lakes Carbon
James Rich Greater Beaumont Chamber of Commerce
Linda Burns Greater Dallas Chamber
Betty Harmon Greater Orange Chamber of Commerce
Al Cutrone Honeywell Speciality Additives
Cavin Clark HR Manager, Huntsman
Mike Burrow Huntsman Chemical
Brian Henderson Huntsman Surface Science
Robert Turner J K Chevrolet Isuzu
Jerry Bradley Lamar University
T.C. Ho Lamar University
Jack Hopper Lamar University
Kuyen Li Lamar University
Hollis Lowery-Moore Lamar University
Harley Myler Lamar University
Brenda Nichols Lamar University
Russ Schultz Lamar University
Jimmy Simmons Lamar University
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Kevin Smith Lamar University
George Talbert Lamar University
Enrique Venta Lamar University
Russ Waddill Lamar University
Stuart Wright Lamar University
Robert Yuan Lamar University
Butch Wilson Leap Engineers LLP
Chris Hext Lubrizol - Member of TCC and EHCMA
Clarissa Davanay North Lake College, Dallas Co. District
Terry Burke Oxy Chem
Steve Buser Partnership of Southeast Texas
Tom Curlee POCC
Verna Rutherford Port Arthur Chamber of Commerce
John LaRue Port of Corpus Christi
Judy Hawley Commissioner, Port of Corpus Christi
Charlie Jenkins Port of Houston
Clyde Howard Praxair, Inc.
Joe Domino President, Energy-Texas
Terry Simpson San Patricio County
Arnold Pierce Schaumberg & Polk, Inc.
Sina Nejad Sigma Engineers, Inc.
Ron Dipprey South TX – AIChE
Gretchen Arnold TAMU – CC
Ted Poe United States Congressman
Mike Acosta UT EP Policy and Economic Development
Bob Grimes Valero
Adrian Cannady Victoria EDC
Jay Eisen VP, Sampson Steel Corp
Deborah Arnold Work-Force 1
Linda White Work-Force 1

The Petroleum Refining and Chemical Products Cluster team was assisted by the Texas Workforce
Commission, the Office of the Governor, State Strategy on Advanced Technology/Texas Technology
Initiative Team, Texas Workforce Investment Council and New Economy Strategies, LLC.

                                                
1 Texas Chemical Council
2 U.S. Energy Information Administration
3 TTARA Research Foundation
4 American Petroleum Institute
5 1790 Analytics, LLC
6 1790 Analytics, LLC
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