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Executive Summary
Background to this report
In October 2004, Texas Governor Rick Perry announced the launch of a statewide industry
cluster initiative to support development of globally competitive industries that will form the
foundation for the State’s future prosperity. The Governor’s initiative targets six industries
expected to become drivers of high-wage jobs and long-term economic sustainability. These
industries include:
1. Advanced technologies and manufacturing
2. Aerospace and defense
3. Biotechnology and life sciences, including but not limited to
 human and agricultural biotechnology
 medical devices
 pharmaceutical manufacturing and
 healthcare research and development
4. Information and computer technology
5. Petroleum refining and chemical products
6. Energy
Selection of these particular industries was based on the 2001 Cluster Mapping project by Dr.
Michael Porter at The Institute for Strategy and Competitiveness at Harvard Business School,
and the analysis of Dr. Ray Perryman. Their analyses concluded that several Texas cities,
including Austin, Dallas, and San Antonio, and the Houston/Gulf Coast area have strong
existing foundations in biotechnology suitable for cluster-based economic development.
Workforce development focus
The Governor’s Cluster Initiative Team identified three workforce development priorities as
essential to the long-term success of the state’s cluster initiatives:

1. Strategic skills assessment
a.
b.
c.

Review of existing skills assessment models.
Development and implementation of a survey of strategic skills every 1-5 years.
Identification of workforce development and training requirements.

2. A “just-in-time” workforce delivery system
a.
b.
c.
d.
e.

Develop technical skills pipeline for existing and emerging companies and
industries.
Develop follow-on metrics for determination of best-practices in education and
training.
Define career pipeline options to meet industry requirements of the educational
delivery system.
Review current efforts to address current short-tem industry requirements with an
educational delivery system.
Relate to curriculum development and approval processes, and recommend
changes as necessary for educators, trainers, and certification programs.

3. Customize training for new jobs and upgrade the skills of new and incumbent workers
a.
b.
c.

Review and update industry trends, issues, and requirements.
Relate industry trends and requirements to current job training efforts.
Develop a common review process by industry to combine local and regional
resources to develop a needs assessment for the defined skilled workforce.
d. Continue to link skills development to statewide or regional cluster analysis as a
best practice.
(Texas, Office of the Governor. Texas Industry Cluster Initiative Briefing document)
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Purpose of this report
This report seeks to inform the efforts and activities of individuals participating in both
statewide and Gulf Coast biosciences cluster initiatives through three deliverables:
1. Review of core concepts and tools for biotechnology cluster development.
2. Development of baseline data on the region’s biotechnology cluster including:
a. Cluster composition and estimated employment levels
b. Labor supply and demand data
c. Inventory of biotechnology educational programs
d. Biotechnology occupational titles
e. Factors affecting employment outlook for individual biotechnology sectors in
the Texas Gulf Coast region
3. Analysis of challenges in biotechnology cluster workforce and educational development
in the region, as well as recommendations for addressing those challenges.

Methods
Three sets of activities were undertaken to produce this report.

1. A comprehensive literature review was conducted on a range of topics important to the
success of biotechnology cluster initiatives.

2. Interviews were conducted with a total of twenty-three cluster stakeholders, including
executives from biotechnology firms and research institutions, economic development
professionals, cluster development professionals, workforce development professionals,
and educators.

3. Baseline data was compiled for the cluster, using best available public data resources.
Critical data issues were identified and strategies for alternative data sources were
explored.

Summary of baseline and interview findings
Baseline Findings
1. Biotech is a presence in the Gulf Coast economy, but it is not a significant driver of new
employment growth.
a.

There are approximately 120 core biotechnology and medical devices firms in
the Texas Gulf Coast region, and at least ten medical schools, research
universities and institutions that together employ an estimated 5,000-7,000
workers. Biotechnology employment occurs in basic and applied research,
clinical trials, development and commercialization of biopharmaceuticals and
medical devices, and provision of inputs and services to biotechnology
industries.

b.

Research and development are the main drivers of biotechnology employment
in the Texas Gulf Coast region. Future employment growth from
commercialization activity is uncertain due to business models that encourage
migration of later commercialization stages to firms in more mature
biotechnology clusters, generally out of state.

c.

Firms that produce supplies and inputs to other biotechnology firms in the
region may have somewhat better potential for jobs creation because they can
serve both local and export markets.

The Center for Life Sciences Technology, University of Houston
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d.

A significant number of new firms created in the region leave the region
through mergers and acquisitions.

e.

Online biotech job listings were tracked for six months and found to be
primarily focused on recruiting experienced scientific research, business
development and clinical trials professionals. Relatively few listings were seen
for positions suited to new graduates or workers without professional degrees.

f.

Hiring for biotechnology jobs in the immediate future will most likely come
from students in existing biotechnology graduate programs and from
recruitment of highly educated and experienced biotechnology professionals
and business management talent from more mature biotechnology clusters.

2. The region’s educational institutions have been highly responsive to the needs of the
biotechnology industry:
a.

Community colleges have customized education and training to meet the need
for trained technicians for the area’s largest employers.

b.

Graduate educational institutions have created over one hundred research and
education programs offering professional level education in a wide range of
biotechnology specializations.

c.

The region may be educating more biotechnology professionals than the local
labor market can absorb.

Interview findings
1. Regional biotechnology employers do not perceive a need for biotechnology workforce
development efforts at this time. They place higher priority on increasing venture capital
and improving entrepreneurial activity in the region.
2. Employers are experiencing “cluster fatigue” from too many requests for information from
educators and workforce development agencies seeking to support the biotechnology
industry. The availability of funds for cluster initiative and workforce development may be
driving some of this overload. New approaches are needed to provide the public sector
with information on new and emerging industry needs while reducing burdens on
employers.
3. Technology transfer incentives should be examined to identify disconnects between the
institutions and innovating researchers. Purdue University’s technology transfer practices
were mentioned as an example of how technology transfer could better support regional
commercialization and development.
4. Science educators need industry input to maintain relevant and current science
curriculum, regardless of the size of the labor market.

The Center for Life Sciences Technology, University of Houston
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Recommendations
Improve cooperation between the educational sector and employers to ensure that training needs are
met, while reducing burdens on employers
1. Create an industry-sponsored training and education board to develop the appropriate
infrastructure for identifying and meeting training and educational needs in the region’s
biotechnology cluster, and in other emerging industries.
2. Form a regional council of biotechnology educators to collaborate on biotechnology
educational activities, including needs assessment and program planning to reduce
overlaps and burdens on industry.
3. Devise low-burden approaches for gathering and disseminating accurate labor market,
occupational skills, educational and training data to the educational community.
4. Jointly explore the implications of education and training for small, specialized niche
occupations typical of emerging industries.

Explore other strategies for promoting growth of the Gulf Coast biosciences cluster
1. Continue to expand funding for biotechnology R&D.
2. Improve venture capital funding.
3. Explore technology transfer practices that support local business growth.
4. Promote development of biotechnology industry subsectors and niches that will remain
in the region to help build regional biotechnology employment.
5. Analyze whether the “leakage” of start-up firms through outlicensing and acquisitions
should be addressed as a regional issue.
6. Recruit more star researchers to start cutting edge research labs in the region.
7. Focus recruiting efforts on companies whose business models include local job creation
and not just outsourced job creation.
8. Explore the potential of industrial biotechnology R&D as a future growth sector for the
Gulf Coast region.

Improve effectiveness of public sector participation in cluster activities
The Governor’s cluster initiative will continue to stimulate new cluster activity in biotechnology
and the other targeted industries throughout the state. Cluster initiative participants need a
shared understanding of how cluster development works, and of the potential challenges and
pitfalls of cluster development such as those identified in this study.
State cluster initiative efforts should provide training and/or information for new cluster
participants in the following areas:
1. Goals and objectives of cluster development from both private and public sector
perspectives;
2. Principles of economic development and cluster development;
3. Public versus private sector roles;
4. Tools and processes for cluster development for various stakeholder groups; and
5. Risks and pitfalls of cluster development, particularly of “supply-side” interventions that
arbitrarily increase the supply of labor, education, or other factors.

Organization of the rest of this report





Introduction to cluster development
The biotechnology industry
Baseline data on the Texas Gulf Coast biosciences/biomedical devices cluster
Findings: Workforce and educational development issues in the Gulf Coast biosciences
sector, conclusions and recommendations
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I. Introduction to Cluster Development
Purpose of this section
In 2003, the Texas Legislature passed SB 275 calling for the development of strategies to
strengthen the competitiveness of state industries. Governor Rick Perry launched the State
Industrial Cluster Initiative shortly thereafter and has since created two sources of funding to
support state industrial development:
 The Emerging Technology Fund is a $200 million fund that supports recruitment and

development of new technology industries and expansion of educational programs in
technology and applied research.
 The Texas Enterprise Fund allocates $295 million to enable state economic development

agencies to recruit new business to the region through infrastructure improvements, job
training programs, and other business incentives. (Texas, Office of the Governor,
Economic Development and Tourism website)
The State’s cluster initiative has been accompanied by funding for workforce development that
has stimulated increased public sector interest in being part of the Gulf Coast biosciences
cluster. As the number of cluster participants increases, so does the challenge of integrating
the new stakeholders into existing cluster activities and networks.
New cluster participants will find a biotechnology cluster already in progress, with a core
membership, existing goals, plans and projects, and personal networks that have developed
over a period of years. Finding a useful niche will require a solid understanding of the
principles and strategies of cluster development, appreciation of the biotechnology industry
and its unique business models, and identification of gaps not already being addressed by
existing cluster activities. This section provides an overview of the conceptual foundations of
cluster development for identifying possible areas for contribution.

Origins of the cluster movement
A cluster, as defined by the Texas State Governor’s cluster initiative website, is:
a concentration of businesses and industries in a geographic region that are interconnected by
the markets they serve, the products they produce, their suppliers, trade associations and the
educational institutions from which their employees or prospective employees receive training.
While located in close proximity, these industry clusters are economic in nature and not
geographically bounded (Texas Governor’s Cluster Initiative Website, Cluster FAQs).

Industry clusters are the building blocks of cluster-based economic development. Pioneered by
Michael Porter, Harvard Business School professor and author of The Competitive Strength of
Nations (1990), cluster-based economic development is the "long-term process of building a

number of interdependent microeconomic capabilities and incentives to support more advanced
forms of competition.” His concepts and methods have influenced the formation of more than
1,500 industry cluster initiatives around the globe (Tiegland and Lindqvist, 2005).
The core concept underlying cluster-based development is that when firms, their suppliers,
and supporting educational and community institutions become concentrated and form
mutually supportive linkages, their collective ability to compete and regional economic growth
are both enhanced (Andersson, et al, 2004). The success of Silicon Valley and the
biotechnology clusters of the California Bay Area epitomize the dynamic growth of clusters and
have become models for cluster development efforts in other regions and industries.

The Center for Life Sciences Technology, University of Houston
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Competitive clusters have several identifying characteristics
1. Geographical concentration of a critical mass of firms and skilled workers
2. Industrial specialization
3. Growth of supporting infrastructure including suppliers, educational institutions,
economic development agencies, and venture capitalists
4. Competition and cooperation between members
5. Increased innovation
6. New business start-ups
Biotechnology has become a favored industry for cluster development because of its
breakthrough innovations in industries as diverse as healthcare, manufacturing, chemicals,
agriculture, and energy. Biotechnology cluster initiatives are now underway in more than 40
states and 51 cities in the U.S., according to the Battelle Institution (2006). The State of
Texas began planning its biotechnology cluster initiative in 2002, and it was formally launched
in 2004 (Texas, Office of the Governor, Cluster Initiative website).
How clusters form
Industry clusters evolve organically, generally as the result of entrepreneurial decisions to
locate businesses close to markets or essential inputs. Production-based clusters tend to start
close to inputs such as supplies of wood, petroleum, or steel. Knowledge-based clusters tend
to start up around research centers and universities (Cortright, 2006; Porter, 1998).
As a critical mass of business activity and firms builds, others are drawn to the region to take
advantage of growing opportunities, markets, and jobs. Competitors and spin-offs build on the
successes of the pioneering firms, while skilled workers, suppliers, services, and consultancies
find increasing opportunities from industry growth. Over time, the aggregation of economic
actors acquires a self-propelling momentum that is lacking in nonclustered regions:
… clusters exist and grow because firms and other economic actors draw some advantage from
proximity that is unavailable, or at least to the same degree, in other locations (Cortright, 2006,
16).

An example of the extended network of firms and suppliers in the biotechnology cluster is
shown in Figure 1.
Figure 1. Life Sciences Cluster Model
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Bioprocesses

Specialized
packaging &
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chemicals

Medical
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Biotechnology
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Medical and pharmaceutical manufacturing
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Research
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nanotechnology
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Medical devices
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Research &
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(Adapted from BayBio, et al, n.d.)
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Benefits of clusters
Clustering results in improved competitiveness through spillover effects which are “unearned
benefits” that firms, workers, or economies gain just by being located around a critical mass of
business activity (Porter, 1990; Marshall, 1890; Jaffe, 1996). Spillovers create endogenous
growth—growth that feeds on itself (Romer, 1990). Jaffe (1996) has identified three types of
spillover effects and how they benefit industry clusters (Table 1).
Table 1. Three Types of Spillovers
Type of Spillover

Resulting benefit

Knowledge

Knowledge generated by pioneering firms becomes widely
diffused in the cluster through patents, publications, job
mobility, conferences, etc., becoming widespread among
members at lower cost.

Market

Pioneering firms build a customer base, customer product
knowledge, distribution channels, and other market
infrastructure that follow-on businesses can build on at lower
cost. Growth of primary and supply chain firms generates
secondary growth in related firms, producing multiplier effects.

Network

Cluster benefits ripple through extended networks of other
businesses and occupations.

The particular benefits of knowledge spillovers were recognized as far back as the late 1800s.
British economist Alfred Marshall observed that clustering in British industrial districts enabled
follow-on firms to benefit from the diffusion of knowledge and skills that accumulate over
time:
… When an industry has thus chosen a locality for itself, it is likely to stay there long; so great
are the advantages which people following the same skilled trade get from neighborhood to one
another. The mysteries of the trade become no mysteries; but are as it were in the air, and
children learn many of them unconsciously. Good work is rightly appreciated, inventions and
improvements… have their merits promptly discussed: if one man starts a new idea, it is taken
up by others and combined with suggestions of their own; and thus it becomes the source of
further new ideas (Marshall, Principles of Economics 1890, p 271).

Cluster-based economic development
Cluster-based economic development has become the predominant strategy for regional
economic development since it was popularized by Porter in the 1990s. Prior to then,
economic development practices relied primarily on recruiting industry to a region via tax and
zoning abatements, investment tax credits, and other forms of subsidies and incentives
(Swenson, 2006, Enright, 2000).
These strategies have lost favor in recent years for offering too many tax incentives for too
few benefits. Economic development officials competing to offer the best package of incentives
have often been disappointed when expected jobs or economic growth did not materialize. It
was also hard to tell whether an industry would have located in the region anyway, with or
without the incentives (Swenson, 2006). If industry economics change, the industry may
keep moving jobs to the lowest cost regions, producing few long-term returns in exchange for
high cost incentives.
Cluster-based economic development, in contrast, seeks to leverage the spillover potential of
innovative industries that have high growth potential and create well-paying jobs that will stay
in the region. By focusing on innovative industries, cluster strategies also seek to avoid the
fate of regions that have fallen into economic decline through the loss of their anchor
industries. While most cluster strategies favor knowledge- and technology-intensive industries
such as biotechnology and information technology, low tech industries can also form the basis
for competitive clusters such as the cases of the Amish furniture manufacturing cluster, the
Italian fashion design clusters, and Hawaiian tourism.

The Center for Life Sciences Technology, University of Houston
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Despite a growing body of literature on cluster development, there is little consensus among
cluster experts about how best to create regional economic growth or competitiveness through
clusters (Enright, 2000; Ketels, 2003; Andersson et al, 2004). There is agreement, however,
about the critical role innovation plays in stimulating economic growth and competitiveness.

Knowledge- and innovation-based economic growth
The competitive advantage of advanced economies was historically built on wide technology
gaps with the rest of the world. Leadership in technology innovation provided advanced
nations first-mover advantage and enabled market dominance in emerging industries such as
information technology.
Today, advanced economies can no longer count on having such a long head start. Through an
intensive focus on education, developing countries have acquired the capacity to leapfrog the
innovation lifecycle, and are becoming formidable technology challengers in the global
economy. Our global competitors are strategically targeting the same high wage, high growth
industries as the United States, confident of their ability to compete at a fraction of the cost.
In the face of such focused and determined competition, U.S. economic sustainability depends
not only on the ability to innovate, but also upon creating “sticky” competitive advantage that
ties the benefits of innovation to specific geographical regions. Two keys to creating sticky
competitive advantage are increasing local university-based research and innovation, and
increasing commercialization of that research through technology transfer and
entrepreneurship.
The contribution of university research to regional innovation
Both public and private sectors are essential to a region’s innovation capacity. Industry excels
in research that responds to market demand, builds on existing discoveries, and has profit
potential (Popper and Wagner, 2003). Universities, in contrast, specialize in early research
that is too theoretical, exploratory, and/or risky to be profitable yet—research that is generally
funded almost exclusively by the government:
The government is able to mobilize capital in directions that are difficult or of little interest to
industry. By focusing on areas that need particular help, or where basic research is not being
conducted, government is able to leverage investment and create new knowledge that industry
can use (Popper and Wagner, 2002, xiii).

University-generated basic research has proven to be a high-return investment for the U.S.
taxpayer as “metamorphic” discoveries create the foundations for entirely new industries
(Darby and Zucker, 2003; Ruttan, 2002). For example, exploratory research in the computer,
semiconductor, software, and internet industries originated from university research labs for
military and space applications. University-based basic research for the war on cancer in the
1970s created the foundations for today’s biotechnology industry (Ruttan, 2002). The United
States generates more breakthroughs, patents, marketable products, and Nobel Prize winners
per dollar spent on university research than any other nation (Lawlor, 2003).

Research stars and “sticky” innovation
Disruptive technology – the type that later morphs into new industries and markets – most
often results from the work of research “stars” – university researchers with higher than
average rates of innovation, publishing, patents, and business start-ups (Darby and Zucker,
2003). The university campus provides star researchers the long time frames, financial
security, freedom from profit pressures, and tolerance for failure that enable metamorphic
discoveries.

The Center for Life Sciences Technology, University of Houston
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In order to generate regional economic benefits, innovation must be put to practical use
through enterprise. The real contribution of research stars is that when they start
metamorphic businesses, and they generally do so in the cities where they do their research,
creating geographically sticky pockets of new knowledge (Darby and Zucker, 2002).
Not only are breakthrough discoveries often characterized by extensive tacit knowledge, only a
relatively few top scientists near the frontier of the area are likely to be able to figure out how the
discovery might be used to actually produce something of economic value. Although everyone
might want to pluck the newly available low-lying fruit, not everyone can see where they are
(ibid, 26).

Recruiting research stars has emerged as an important cluster development strategy in
regions with strong research universities. Research stars are associated with a number of
benefits to clusters, including:
 Attracting other top researchers and students to the region
 Creating new stars among students who work in their labs
 Higher levels of publishing and patenting
 Higher rates of new business start-ups in the cities where they conduct research
 Attracting venture capital
 Teaching other researchers, for example, how to commercialize a university invention and
create viable businesses
(Darby and Zucker, 2002; Ketels, 2003).

Intervening in clusters
Cluster initiatives
While clusters emerge organically, cluster initiatives are
…organized collaborations between public and private sector actors, such as firms, government
agencies, and academic institutions, with the purpose of enhancing the growth and
competitiveness of clusters (Teigland and Lindqvist, 2005).

Cluster organizations
Cluster initiatives are generally facilitated by individuals operating through cluster
organizations—groups or industry associations formed to facilitate cluster development. Ketels
(2003) identified six primary functions of cluster organizations:
1. Conducting cluster analysis and research
2. Lobbying on behalf of cluster members
3. Promoting cooperation and networks within the cluster and with external
organizations
4. Participating in or sponsoring development of industry education and training
5. Promoting innovation and new technology uptake
6. Attracting investment
The presence of an active and effective cluster organization has been identified as an
important success factor in European cluster studies (Teigland and Lindqvist, 2005).
BioHouston, a nonprofit industry organization is a key cluster organization for the Gulf Coast
biosciences cluster. Other organizations such as the Houston Technology Center, The Rice
Alliance for Technology and Entrepreneurship, the Greater Houston Partnership, and the
Houston Biomedical Technology Club also play important roles in promoting the development
of the cluster.

The Center for Life Sciences Technology, University of Houston
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The role of the public sector in cluster development
The public sector also plays an important role in cluster development, but it is generally a
supporting and not a leading role (Cortright, 2006; Andersson, et al, 2004). Public sector
agencies such as regional Chambers of Commerce, economic development agencies,
workforce boards, and educational institutions can support cluster-based economic
development by filling specific cluster needs falling within their spheres of activity such as
 creating networking opportunities
 recruiting new firms and investment capital
 locating funding resources for joint cluster projects such as marketing, branding, or
educational programs
 developing specialized educational and degree programs
One of the concerns of economic theorists about public sector involvement in cluster
interventions is that public sector agencies will try to target certain industries or occupational
classes for preferential subsidies or support over others—known as “picking winners”—which
interferes in the natural dynamics of markets (Cortright, 2003; Ketels, 2003).

Selective industry and occupational targeting
“Hot” industries have been the frequent focus of efforts to increase employment growth in
targeted fields. After the Russians launched Sputnik in the late 1950s, math and science
education was ramped up to fill a perceived gap in scientists, resulting in a Ph.D. glut in the
1970s. In the 1980s, the National Science Foundation predicted looming science and
engineering shortfalls that never materialized. The “false flag of shortages” (Teitelbaum,
2003) was again raised in the 1990s for IT workers, in 2002 by NASA for scientists and
engineers, and by the National Science Board in 2003, for scientists and engineers (ibid).
Schools and universities responding to unfounded hype about labor shortages run the risk of
increasing the supply of labor in fields above what the market can absorb, leading to
misplaced educational investment. For example, the early 2000s saw an increase in
bioinformatics degree programs in anticipation of increased labor market demand for
bioinformatics professionals. Instead of emerging as a stand-alone profession, bioinformatics
became just another technology skill required for a range of biotechnology professions.
Today, there are worries that the new crop of graduates coming out of bioinformatics degree
programs will not be able to find employment (Black and Stephan, 2005).
The public sector’s role in ensuring accurate signals
Clusters generate markets for supplies, workers, training, funding, and other cluster inputs.
That is one of the mechanisms by which clusters stimulate regional economic growth.
Matching the supply of cluster inputs to demand is the function of markets, and not of cluster
initiatives. When factor markets work efficiently, cluster needs for supplies, inputs, or workers
will be met by suppliers responding to market demand. The only thing needed for the supply
of inputs to match demand is to ensure that market signals are clear and reliable. The
“invisible hand” of the market will do the rest.
Ensuring accurate market signals may, in fact, be one of the most important functions that the
public sector can play in cluster development, particularly in new and emerging industries.
Industries themselves have no incentives to collect and disseminate industry analysis to
educators or future workers. The public sector can fill this essential role in labor market
clearing by gathering and disseminating accurate, timely, and regionally-specific industry
information to inform educational and career investment decisions.
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Workforce and educational development in emerging industries
Influence of the President’s High Growth Jobs Training Act of 2002
Emerging industries have become the focus on a number of state cluster initiatives with the
passage of President Bush’s 2002 High Growth Job Training Initiative. The Initiative seeks to
… prepare workers to take advantage of new and increasing job opportunities in high growth,
high demand and economically vital sectors of the American economy. Fields like health care,
information technology, and advanced manufacturing have jobs and solid career paths left
untaken due to a lack of people qualified to fill them. The High Growth Job Training Initiative
targets worker training and career development resources toward helping workers gain the skills
they need to build successful careers in these and other growing industries.
(http://www.doleta.gov/BRG/JobTrainInitiative/

The High Growth Jobs Initiative, launched at the same time as the spreading popularity of
biotechnology clusters, may have generated conceptual confusion about workforce and
educational development needs of “high growth, high demand” industries, versus new and
emerging industries.
 New and emerging industries are generally not large employers in their early
stages.
 Clusters are, by definition, existing concentrations of businesses and occupations
that may have common hiring and skills needs.
Training and education in growing clusters versus emerging industries
Training and educational development is one of the critical “inputs” frequently targeted in
cluster initiatives. Industrial clustering stimulates occupational clustering (Barbour and
Markusen, 2006)—higher than average concentrations of particular occupations and skill sets
in a region. For example, part of the success of the Silicon Valley is due to the concentration
of high tech workers in the region. Concentration of similarly skilled workers enables firms to
collaborate on common training needs and developing new education and training programs to
meet those shared needs.
In contrast, emerging industries have fewer employees and tend to either hire already skilled
personnel, or train informally through “learning by doing with” (Darby and Zucker, 2002). It
is only when an industry achieves a critical mass of firms using a new technology that training
is needed on the scale typical of workforce development programs. In between the early
adoption stage and the mass adoption stage, training may be provided by proprietary training
providers or through strategic partnerships between a firm and a local college or university
(Figure 2).

Growth of new occupation or skill set

Figure 2. The Workforce Skills Training Lifecycle in Emerging Industries/Occupations
New invention or
process

Skills acquired
directly from
innovators through
“learning-by-doing
with.”

Emergence of
specialized
occupations

Early adoption

Skills taught within
early adopting
firms by resident
experts.

Proprietary training
vendors enter
training market.
Customized
training developed
in conjunction with
industry by
colleges and
universities

Technology
adoption reaches
critical mass
Critical mass of skilled
workers needed.
Education and training
widely available at colleges
and universities, first as
additions to curriculum,
then as new courses,
certificates, or degrees.

(Adapted from Flynn, 1988; Rogers, 1984; Darby and Zucker, 2002)
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Cluster development processes and tools
Requirements for effective cluster interventions
Clusters represent a fundamental organizing framework for understanding regional economies and for
developing economic strategies. Policymakers and practitioners can contribute to their region’s
economic success by understanding the competitive strengths and challenges of the region’s industry
clusters, building on the strengths, and addressing the challenges (Cortright, 2006, 1).

Cluster initiatives represent strategic interventions in the microeconomic fundamentals of an
industry or a region to improve conditions for cluster success (Ketels, 2003). Such
interventions are best done cautiously and strategically in order to avoid unnecessary
interference with the natural workings of the many nested markets operating within the
cluster. The best approach to interventions is to focus on removing barriers and bottlenecks,
and mobilizing cluster members to collaboratively address issues and opportunities (Cortright,
2003).
The cluster literature contains many examples of strategies and processes used in cluster
interventions. The following is a synthesis of cluster development strategies and processes
from the literature.
Cluster intervention steps

1. Organize the cluster initiative team
2. Conduct cluster assessment
3.

4.
5.
6.

a. Assess competitive strengths and challenges of the cluster
b. Identify issues and opportunities
Identify desired outcomes and goals of the cluster initiative.
a. Regional economic development outcomes
b. Industry cluster outcomes
c. Cluster initiative outcomes
Specify strategies and activities to achieve outcomes
Develop implementation plan
Determine evaluation approach
(Cortright, 2006; Andersson, et al, 2004; Teigland and Lindqvist, 2005)

Details for each of the steps are described in the following paragraphs.

Step 1: Organize the cluster initiative team.
There is general consensus that cluster initiatives should be driven by the private sector, and
not the public sector. Cluster initiative teams, however, should include representatives from
all stakeholder groups who are impacted by cluster growth, including both private and public
sectors.
The cluster approach implies a demand-driven approach to designing and implementing economic
development activities. Instead of deciding to offer a program or set of services (a supply-side
approach) and allowing firms to choose to participate, governments would consult with a group of
firms forming an industry cluster (the demand side) and, with their advice, select the appropriate set
of services to deliver (Cortright, 2006, 48).

Gaining participation of the business community in cluster activities is widely acknowledged as
problematic when initiatives are driven by the public sector (Cortright, 2006; Andersson, et al,
2004; Teigland and Lindqvist, 2005; Rosenfeld, 2001). Cluster development can impose
heavy time and staff burdens on firms, so the benefits of the initiative must exceed costs.
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Step 2: Conduct cluster needs assessment
Cluster needs assessment seeks to determine what the cluster’s competitive strengths and
weaknesses are, and where interventions could help to improve productivity, growth and/or
competitiveness. Table 2 shows a cluster assessment model developed for the information
technology cluster in Ottawa (Voyer, Niosi, Materazzi, and Mahkhija, 2004).

Table 2. Cluster Needs Assessment
Indicator

Assessment questions

Rating
1-10

Improvement
targets/Indicators

 How well are cluster activities
Recognition of
potential

Opportunities

supported by the community,
funders, cluster members?
 Do stakeholders see potential for
improving performance of the
industry through joint action?

 What opportunities exist for
improving cluster performance?

Regional
Strengths/Weaknesses
Champions
Entrepreneurship
Financing
Education and R&D
Networks
Staying Power (longterm sustainability)

 What are the regional cluster
strengths and weaknesses? (SWOT)

 Who can serve as champion(s) of
the initiative?

 How adequate is the support for
new business start-ups and spinoffs?

 How adequate is funding?
 How well does the local educational
infrastructure meet industry needs?
Where are the gaps?

 How well networked are cluster
members?

 What are the threats to the
industry’s staying power? What
contributes to staying power?

Step 3: Identify desired outcomes
Cluster initiatives are launched in most cases to improve local regional growth, job growth,
industry growth, or some other set of desired outcomes. Outcomes may occur at multiple
levels, including
a. Improvements in the welfare of the region’s citizens
b. Improvements in success and growth of specific firms in the cluster
c. Growth and competitiveness of the industry or cluster as a whole
d. Economic growth and long-term sustainability of the region
In order to craft a workable cluster development strategy, measurable goals and outcomes
must be identified for the initiative. Examples of some possible goals are shown in Table 3.

The Center for Life Sciences Technology, University of Houston

15

The Texas Gulf Coast Biosciences Cluster: Workforce Development and Educational Challenges

Table 3. Potential cluster goals/outcomes at multiple levels
Level
Firm Level

Industry or
Cluster Level

Regional Level

Possible Objectives/Goals
 Increase productivity, efficiency, growth and competitiveness
 Increase revenues/profitability
 Stimulate R&D, innovation, patents, and new products







Increase growth, competitiveness, and innovativeness of cluster firms
Promote expansions and start-ups
Develop regional brand or cluster image
Increase business migration into region
Increase profitability, productivity, reinvestment
Increase R&D grants, SBIR awards, patents, new product introductions,
publications










Increase aggregate economic growth
Increase regional productivity
Stimulate higher tax revenues
Increase start-up of new firms
Increase relocation of large employers to region
Stimulate business expansion
Retain businesses that might want to relocate
Increase new job creation

 Improve citizen welfare and quality of life
 Increase employment participation rates, reduce unemployment rates







Increase individual or household income and wage growth
Improve affordability, availability of housing and other necessities
Develop parks, recreation, and cultural amenities
Improve environmental quality
Improve health
Promote mobility
Increase sense of equity and opportunity

(Adapted from Partridge and Rickman, 2003; and the Council on Competitiveness, 2005)

Potential conflicts between regional economic development objectives
Changes in one indicator can have unintended consequences in others. In Silicon Valley, for
example, increased IT wages stimulated skyrocketing housing prices. High housing costs, in
turn, drove out middle income workers—nurses, teachers, and retail workers—who could not
afford to live in the area, causing labor shortages (Partridge and Rickman, 2003). Thus, the
goal of increasing high wage jobs may conflict with other goals, such as the desire to keep
rents affordable, or an industry’s desire to reduce labor costs by outsourcing jobs to lower
wage countries.
Cluster development, like economic development, involves complex systems interactions, so
the potential unintended consequences from multiple goals and activities should be carefully
considered.
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Desired outcomes may change depending on stage of maturity
Cluster needs may change as clusters mature, requiring adjustments in strategy over time.
Differences in activities between new and mature clusters are summarized in Table 4.

Table 4.. Cluster needs at different stages of maturity

Maturity level
New and Emerging

Needs
 Build critical mass—recruit companies, encourage start-ups
and spin-offs

 Support new entrepreneurs with training, mentors, and
ncubator services

Mature

Declining

 Locate specialized suppliers and services
 Leverage critical mass, economies of scope and scale
 Collaborate on marketing campaigns, training partnerships,






group purchasing, health insurance
Promote dissemination of best practices
Collaborate on industry renewal and sustainability
Prevent industry loss
Recruit replacement industry
Ameliorate effects of mass layoffs or closures

(Voyer, Niosi, Materazzi, and Mahkhija, 2004)

Step 4: Specify strategies and activities to achieve desired outcomes
A broad array of goals and activities cited in various cluster development articles and reports
are summarized in Table 5. The list can be used to stimulate thinking about possible goals
and activities in cluster development.
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Table 5. Cluster Goals and Strategies

Goals
Build cluster capacity to
act collaboratively

Possible Strategies
 Disseminate cluster or industry news and information
 Facilitate networking and exchange of information
 Sponsor conferences, tradeshows, special interest group meetings

Improve overall regional
business environment








Attract new businesses, new business start-ups, and spin-offs
Reduce unnecessary barriers, costs, and delays
Improve public education system
Improve tax policy
Improve regulatory policy
Improve regional attractiveness

Build business capacity








Conduct cluster studies, specialized market research, technical trend research
Improve business lending and investment environment
Brand, market, and promote cluster outside of region
Support business expansion, export capability
Promote industry standards
Create incubators or shared facilities

Promote academicindustrial linkages,
technology transfer

 Increase grants, investment in research, faculty, and facilities
 Develop collaborative corporate/university research and training, shared
bioscience facilities

 Create faculty development programs
 Promote technology transfer/commercialization of academic research
Increase R&D and
tech transfer








Support
commercialization,
new business start-ups,
and spin-offs







Improve access to
capital

Develop new funding sources for basic and early stage research
Recruit “star” researchers
Create labs, facilities, and incubators
Provide training and support in designing trials and applying for approvals
Remove barriers/increase incentives for technology transfer
Identify intellectual property licensing opportunities

Develop bioscience commercialization programs, incubators and accelerators
Assist with development of business plans
Provide specialized training in commercialization
Encourage mentoring by successful serial entrepreneurs
Promote entrepreneurial culture in research institutions through training,
success stories, and mentoring
 Create networking groups for new CEOs, COOs, CFOs

 Develop venture capital resources, pre-seed and seed capital
 Promote technology investment tax credits
 Provide assistance applying for Small Business Innovation Research SBIR and
STTR grants

 Promote direct state investment in firms
 Create a “Fund of Funds” backed by contingent tax credits
 Encourage state investment in venture capital funds
Develop facilities,
infrastructure, and
production capability

 Develop bioscience incubators, science parks, wet labs, and other community
facilities

 Disseminate best practices, new production methods, and technologies

Develop human capital









Attract and retain world-class research “Stars”
Coordinate industry training partnerships
Strengthen K-12 science and math education
Develop college and university curriculum
Provide technical and management training and support
Provide continuing education for industry incumbent workers
Develop career information

Improve regional
attractiveness to young
professionals and
creatives







Construct affordable close-in housing within walking distance to amenities
Support a vibrant arts and cultural scene
Maintain good schools
Reduce pollution
Construct parks, gardens, public art, and public gathering spaces
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Step 5: Develop the cluster intervention implementation plan
Program logic diagrams, such as the one illustrated in Figure 3, are useful for creating
implementation plans that align goals and activities with desired outcomes. When outcomes
are as complex as “regional economic competitiveness” or “promoting innovation-based
industry growth”, modeling encourages planners to clearly articulate cause-and-effect
assumptions underlying planned activities, and to identify potentially conflicting goals.

Figure 3. Cluster Strategy Implementation Model

Needs

Cluster

Firms and
Institutions

Regional
economic
development

Specific
stakeholders

Strategies to
address needs

Activities and
outputs

Short-term
outcomes

Long-term
outcomes

Long-term
impacts

Innovation, sustainable economic growth and regional competitiveness

Step 6: Determine evaluation approach
Despite all of the investment in clusters worldwide, robust evaluation models are lacking in the
cluster literature. Andersson, et al (2004) summarizes some of the challenges of cluster
evaluation:
To date, there is little research on the effectiveness of industry cluster policy in generating
economic development in cities or regions. Cluster initiative evaluation practices are somewhat
underdeveloped and present a number of conceptual challenges.
It is difficult to measure under what conditions cluster policies generate favorable results for
society, as opposed to merely backing the winners. Assessments of clustering and the associated
economic importance of collaboration and partnership do not always lend themselves to
meaningful quantitative estimates of socio-economic impacts. Benefits are often indirect and
diffused among stakeholders. The time horizon renders difficulties since some benefits
materialize only in the long term (Andersson, et al, 2004, 117).
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An evaluation continuum
Evaluation of any complex endeavor can take place at several levels, ranging from tracking
completion of specific tasks (process evaluation) to measuring regional economic impacts
(impact evaluation). Seen on a continuum, the further one moves to the right side of the
continuum, the more complex and burdensome the evaluation activities become (Figure 4).

Figure 4. Evaluation Continuum

Process Evaluation
Monitoring
daily tasks

Assessing
program
activities

Outcomes Evaluation
Enumerating
outcomes

Assessing
effectiveness

Costs and
Benefits

Regional
cluster or
economic
impacts

(Adapted from Bartik and Bingham, 1995)

Choice of evaluation model must take into account the value of the information to be produced
versus the costs and burdens of gathering and analyzing that information, particularly on
employers.

The Advanced Technology Program (ATP) Evaluation Model
The Advanced Technology Program (ATP) is a federal program established in the 1980s to
promote technology development by funding innovative early stage technology. The ATP has
done some of the most extensive work on evaluation methodologies for publicly funded
technology programs that have goals similar to those of cluster development. Interested
readers are referred to this literature for detailed explanations of evaluation methodologies
relevant to cluster initiatives (Ruegg and Feller, 2003). An adaptation of their process for
biotechnology cluster development is provided in Figure 5.
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Figure 5. Cluster evaluation model

Determine regional development goals:
 Increased prosperity
 Quality of life
 Improved regional incomes
Cluster Strategy

Specify mission

Describe operational
mechanisms

Describe intended
program results at
cluster, firm, regional
economy, and citizen
levels

Select evaluation goals

 Describe activities and current status
 Track progress
 Increase understanding of concepts, linkages, and process










Inputs
Budget
Staff
Facilities
Other









dynamics
Measure inputs, outputs, outcomes, and impacts
Compare results against mission statements.
Disseminate findings
Use findings to improve program

Outputs
Funded projects
Collaborations
Publications
Patents
Models
Early stage products
Prototype processes

Outcomes

 New improved products,






processes, and services
Productivity gains
Firm growth
Industry, cluster growth
New knowledge discovery
Knowledge dissemination

Impacts

 Increased regional GDP
 Employment gains
 Increased
competitiveness

 Improved quality of life
 Broadly-based benefits

(Adapted from Ruegg and Feller, 2003)
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Critiques of cluster development
Despite the popularity of and massive investment in cluster development, cluster initiatives
are subject to a number of criticisms, some of which have been alluded to already. These
critiques are important for stimulating awareness of possible pitfalls in cluster interventions.
1. Weak conceptualization
Some economists and business theorists view Porter’s cluster concepts and frameworks as
overly simplistic, expressing concern that the popular appeal of cluster development may spur
copycat attempts to intervene in regional economies and markets without the underlying
expertise (Martin and Sunley, 2003; Enright, 2000; Goolsbee, 2006; Ketels, 2003; Andersson,
et al, 2004).
Christian Ketels, Principal Associate at Harvard’s Institute for Strategy and Competitiveness,
and a colleague of Porter at Harvard’s Cluster Mapping Project, is cautious about cluster
interventions:
There is increasing evidence and agreement among researchers that clusters exist and that they
feature a number of positive economic effects. There is less systematic evidence and agreement
that policy interventions are possible and that they can generate value by speeding up the
process of cluster development or increasing the effectiveness of existing clusters (Ketels, 2003,
14).

Similar views are expressed by one of Europe’s leading cluster experts:
To date there is little research on the effectiveness of industry cluster policy in generating
economic development in cities or regions. Cluster initiative evaluation practices are somewhat
underdeveloped and present a number of conceptual challenges (Andersson, et al, 2004).

2. A rehash of National Industrial Policy?
In the recession of the mid 1980s, a number of policymakers proposed sweeping market
interventions to jump-start the economy, including targeting emerging and potentially highgrowth fields for government funding and development. These policy proposals, known
collectively as National Industrial Policy (NIP), triggered contentious debate about intervening
in free markets, and were compared to Soviet-style central planning (McKenzie, n.d.). Charles
Schultze, chairman of the Council of Economic Advisers under Jimmy Carter, wrote:
The first problem for the government in carrying out an industrial policy is that we actually know
precious little about identifying, before the fact, a “winning” industrial structure. There does not
exist a set of economic criteria that determine what gives different countries preeminence in
particular lines of business. Nor is it at all clear what the substantive criteria would be for
deciding which older industries to protect or restructure (in McKenzie, n.d.).

Porter takes pains to distinguish cluster development from Industrial Policy (Table 6).
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Figure 6. Industrial policy versus clusters

Industrial policy

Cluster-based policy

Targets desirable industries and sectors

“All clusters matter”: Develop all clusters to
encourage diversity

Focused on domestic companies

Domestic and foreign companies both enhance
productivity

Intervenes in competition via
protectionism, industry promotion, and
subsidies

Removes barriers and constraints to
productivity; Emphasize cross industry linkages
and complementarities

Centralizes industrial decision making at
the national level

Encourages initiatives at the state and local
levels

Distorts competition

Enhances competition

(Porter, 1998)

3. Supply-side bias
Cluster projects have a tendency to drift into activities that increase the supply of various
factors, particularly workforce training. This temptation should be resisted, particularly in new
and emerging industries where demand is unclear.
A large number of graduates from local institutions of higher education can translate into a large
number of college-educated workers in the labor force only if the local labor market can absorb
new graduates without a substantial decline in wages (which would end up causing workers to
leave the area) (Hill, Hoffman, and Rex, 2005, 48).

4. Conflicting goals between public and private sectors
Teigland and Lindqvist (2005) found significantly different perceptions between the public
sector and the private sector over which activities were more likely to benefit the cluster. In
their research, the public sector ranked increasing technical and managerial training as the
highest priority. Firms, in contrast, cited the need to stimulate new business start-ups, attract
new firms, promote innovation, and enhance cooperation between members.
Potential for such conflict highlights the need for public and private sector cluster participants
to clearly articulate goals and priorities of each stakeholder group, and to align public and
private sector goals during planning stages of cluster initiatives.
5. Burdens and costs of cluster activities
Participating in cluster activities such as surveys, meetings, interviews, and responding to
information requests takes scientists, researchers, and entrepreneurs away from the work that
they love.
Practices and methodologies should be adopted with a view to the benefits as well as the costs
involved. The latter includes the burden of time requested from market actors to respond to
interview and fill in questionnaires. The benefits, conversely, depend on the willingness and
ability of policymakers to make use of the results (Rosenfeld, 2001).

6. Risk of overspecialization
Today’s failing industries were yesterday’s emerging technology clusters. Over reliance on a
limited number of industries, or on a single industry to create permanent competitive
advantage is risky. Cluster strategy must continuously evolve and adapt to remain a useful
strategy. Porter (1998) is fond of reminding readers of the importance of diversity in
economic development when he admonishes: “All clusters matter.”
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Summary and implications for cluster initiative strategy and planning
Cluster developers should start with a thorough analysis of local cluster needs, have clearly
stated goals, maintain alignment between goals and outcomes, and be aware of the potential
for mixed agendas. Cluster development must be tailored to each individual region, avoiding
cookie cutter approaches.
Ketels (2003) recommends that cluster policy planning be tightly focused on
 Creating favorable conditions for clusters to emerge and thrive—activating clusters
versus trying to start them.
 Looking for opportunities to leverage the critical mass of industry through industrywide training programs, cluster marketing, branding programs, purchasing pools, etc.
 Improving the underlying conditions for success rather than trying to engineer industry
outcomes.
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II. The Biotechnology Industry
Snapshot of the U.S. Biotechnology Industry
The U.S. has the largest biotechnology industry in the world, with 1,500 companies employing
between 150,000 and 200,000 employees, depending on which estimates and definitions are
used (Burrill, 2006; bio.org). Of the estimated 1,500 companies in the U.S., about 300 are
publicly listed currently (Fool.com).
A comparison of global biotechnology industry activity shows the U.S. leading in sales
revenues and biotechnology employment, followed by Europe, Asia/Pacific, and Canada (Table
6). However, cross border partnerships, alliances, manufacturing agreements, and global
supply chains tend to make national and industrial boundaries irrelevant.
Table 6. 2006 global biotechnology industry at a glance

Metric

USA

Europe

Asia/Pacific

Canada

Sales/Revenue

$72 billion

$12 billion

$3 billion

$2 billion

Annual R&D

$19 billion

$5 billion

$0.3 billion

$0.6 billion

# Companies

1,500+

1,600+

700+

470

# employees

146,100*

68,000

12,000

7,440

# public companies

363

120 (est.)

140

81

Market Cap

$491 billion

$26 billion

$15 billion

$14 billion

* Ernst & Young employment estimates are based on a narrow definition of biotechnology
that includes only NAICS 3254-Pharmaceutical and Medicine Manufacturing and NAICS
5417-Scientific Research and Development in the Life Sciences. Their estimates do not
include medical devices, agricultural, or industrial biotechnology.
(Burrill, 2006, citing 2004 Ernst & Young data)

Biotechnology has become the favored target of cluster initiatives in cities and regions around
the globe. At least 51 U.S. cities are actively engaged in biotechnology cluster initiatives, and
hundreds more are underway in other nations (Battelle, 2006).
Biotechnology’s importance to regional development is linked to two factors. First, as
traditional industries move to low wage countries, advanced economies must continuously
innovate to create businesses and jobs to support high standards of living. With its breadth
and diversity, biotechnology is believed to offer unlimited potential for innovation and
industrial growth.
Second, biotechnology offers hope for addressing pressing global problems, from finding new
sources of energy, to fighting terrorism, reversing environmental degradation, and feeding an
expanding world population. Perhaps most importantly, biotechnology inspires the world’s best
and brightest talent to explore the newest frontiers of science, generating knowledge upon
which the next generation of sustainable industries will be built.
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Defining biotechnology
There is no consensus on a definition of biotechnology, nor what
types of companies, processes, and products should be included as
biotechnology. This is because biotechnology is not a single industry
or discipline, but a diverse set of multidisciplinary technologies and
processes, applied in diverse fields (Dahms, 2003).
The Organization for Economic Cooperation and Development
(OECD), an international body with thirty member countries, has
conducted extensive discussions in recent years to find an
internationally acceptable definition for biotechnology. They have
agreed that any definition must include not only a descriptive
definition, but also a list of biotechnology techniques that distinguish
biotechnology from other types of technologies. They define
biotechnology as:
The application of science and technology to living organisms, as well as
parts, products and models thereof, to alter living or non-living materials for
the production of knowledge, goods and services (OECD.org, 2005).

Techniques that comprise the second part of their definition are
listed in the accompanying inset box.
Biomedical devices in biotechnology
There is some debate about whether medical devices and equipment
should be included as part of biotechnology. The argument in favor
of inclusion is that specialized devices and equipment invented for
biotechnology processes have become inseparable from the
processes they enable (Kolchinsky, 2001). This study follows the
common practice of including medical devices in biotechnology
cluster analysis, while acknowledging that not all medical devices are
biotechnology tools.

Data challenges in biotechnology cluster analysis
A significant challenge for biotechnology cluster analysis is accessing
accurate and timely data on the biotechnology industry and its
workforce. Stakeholders need accurate data for different purposes:
 Economic developers need industry and employment data to
track regional industry status, growth, and impacts, and for
regional marketing campaigns.
 Workforce developers need to track labor market activity for
labor market and occupational analysis, for dissemination of
career information, and for analyzing workforce development
and training needs.
 Businesses use the data for competitive market analysis, in
business plans, and venture capital requests.
 Educators need industry and occupational data to create science
curriculum that meets changing science and industry needs.
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Biotechnologies
DNA technologies
 Genomics
 Pharmacogenetics
 Gene probes
 DNA sequencing/synthesis/
amplification

 Genetic engineering
Protein and molecular
technologies
 Protein/peptide
sequencing/synthesis

 Lipid/protein





glycoengineering
Proteomics
Hormones
Growth factors
Cell receptors/signaling/
pheromones

Subcellular organism research
 Gene therapy
 Viral vectors
Cell and tissue culture and
engineering
 Cell/tissue culture
 Tissue engineering
 Hybridization
 Cellular fusion
 Vaccine/immune stimulants
 Embryo manipulation
Other biotechnology areas
 Bioinformatics
 Nanobiotechnologies
 Advanced materials
Process biotechnologies
 Bioreactors
 Fermentation
 Bioprocessing
 Bioleaching
 Biopulping
 Biobleaching
 Biodesulphurization
 Bioremediation
 Biofiltration
(OECD, 2005)
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NAICS classifications of biotechnology/biomedical devices firms
Acquiring meaningful industry data is more challenging than it would at first appear. Industry
and occupational data gathered by the U.S. government are based primarily on The North
American Industry Classification System (NAICS) and on the Standard Occupational Codes
(SOC), which were developed for the collection, analysis, and publication of statistical data on
U.S. business and economic and labor force activity (www.Census.gov).

Biotechnology does not appear as a
separate industry in the NAICS as it
is not an industry, but a set of
technologies and processes used in
multiple industries.
The U.S. Department of Commerce
has identified more than 60 NAICS
industry categories involved in some
way or another with biotechnology
processes or products (U.S.
Department of Commerce, 2003)
(Table 7).
Limitations of NAICS and SOC in
biotechnology analysis
The NAICs classification scheme is
widely recognized as inadequate for
identifying and tracking
biotechnology activity because it
both overstates and understates
biotechnology activity. For instance:

Table 7. Industries that may use biotechnology
Agricultural Feedstock and Chemicals
311221

Wet corn milling

311222

Soybean processing

311223

Other oilseed processing

325193

Ethyl alcohol manufacturing

325199

All other basic organic chemical mfg.

325221

Cellulosic organic fiber manufacturing

325311

Nitrogenous fertilizer manufacturing

325312

Phosphatic fertilizer manufacturing

325314

Fertilizer (mixing only) manufacturing

325320

Pesticide and other agricultural chem. mfg.

Drugs & Pharmaceuticals
325411

Medicinal and botanical manufacturing

325412

Pharmaceutical preparation manufacturing

325413

In-vitro diagnostic substance manufacturing

325414

Other biological product manufacturing

Medical Devices and Equipment

 Fertilizer manufacturing, dental

labs, medical labs, and blood
banks are generally not biotechintensive. Including them in
biotechnology statistics results in
overestimation of biotechnology
activity and employment.
 Much biotechnology research

occurs in medical facilities and
university research labs which are
classified as NAICS 611310 educational institutions. This
leads to probable underestimation
of biotechnology activity and
employment in medical schools
and other university research
institutions.

334510

Electromedical apparatus manufacturing

334516

Analytical laboratory instrument mfg.

334517

Irradiation apparatus manufacturing

339111

Laboratory apparatus and furniture
manufacturing

339112

Surgical and medical instrument mfg.

339113

Surgical appliance and supplies mfg.

339114

Dental equipment and supplies mfg.

339115

Ophthalmic goods manufacturing

339116

Dental laboratories

Research, Testing, and Medical Laboratories
541380
541710

Testing laboratories
Physical, engineering, and boil research
Medical and Diagnostic Laboratories

621511

Medical laboratories

621512

Diagnostic imaging centers

(U.S. Dept. of Commerce, 2003; Battelle, 2006)

The Center for Life Sciences Technology, University of Houston

27

The Texas Gulf Coast Biosciences Cluster: Workforce Development and Educational Challenges

Similar problems occur in occupational statistics represented by the Standard Occupational
Codes (SOC), which do not match occupational titles actually found in biotechnology.
Unfortunately, this means that the most widely used resources for U.S. industry statistical
analysis are currently not sensitive enough for accurate industrial and occupational analysis for
new and emerging industries such as biotechnology.
While standard statistical data may only weakly track emerging industries and occupations, it
is still useful when combined with other information sources such as industry reports, analysis
of firms in a particular region, scans of job listings, and so on.
The Biotechnology subsectors
Biotechnology can be divided into four fundamental industry subsectors
1. Biopharmaceuticals
2. Medical devices and equipment
3. Agricultural biotechnology and
4. Industrial biotechnology
These subsectors are described on the following pages.

The Center for Life Sciences Technology, University of Houston

28

The Texas Gulf Coast Biosciences Cluster: Workforce Development and Educational Challenges

The Biopharmaceutical Industry
The term biopharmaceutical covers many complex
products, technologies, processes and industries
involved in the diagnosis, treatment and prevention of
disease. Confusion between biopharmaceuticals and
pharmaceuticals is responsible for many conflicting
estimates of the size and growth of this segment of the
biotechnology industry.
In a nutshell, biopharmaceutical products are created
by manipulating cells, tissues, and sub-cellular
organisms, in contrast to pharmaceuticals which are
created from chemical compounds (Rader, 2005).
Common technologies are summarized in Table 8.
Health-related biotech revenues rose from $8 billion in
1992 to $63 billion in 2005 (Bio.org, Ernst & Young,
2006). Over 250 biotechnology-based therapies have
been approved for use, and another 350 therapies are
in the approval pipeline, according to Bio.org.

The First Wave
The “first wave” of medical biotechnology was launched
in the 1970s when Stanley Cohen (Stanford) and
Herbert Boyer (UCSF) developed a way to splice genes
from one organism into another, enabling the recipient
organism to express desirable properties from the
donor. This opened the way for genetic engineering of
cells for medical, agricultural, environmental, and
industrial applications.

The Second Wave: The Human Genome Project
A second wave of biotechnology innovation was
launched with completion of the human genome project
in 2003, which sought to identify all of the genes in the
typical human cell and what they do, enabling
development of new gene-based therapies (Ruttan,
2002).

Table 8. Biopharmaceuticals
Applications
DNA technologies
 Genomics
 Pharmacogenetics
 Gene probes
 DNA sequencing/synthesis/
amplification

 Genetic engineering
Protein and molecular
technologies
 Protein/peptide






sequencing/synthesis
Lipid/protein glycoengineering
Proteomics
Hormones
Growth factors
Cell receptors/signaling/
pheromones

Subcellular organism research
 Gene therapy
 Viral vectors
Cell and tissue culture and
engineering
 Cell/tissue culture
 Tissue engineering
 Hybridization
 Cellular fusion
 Vaccine/immune stimulants
 Embryo manipulation
Biopharmaceutical production
 Biopharmaceutical
 Nutraceuticals
 Vitamins and supplements
(OECD, 2005)

Evolving business models and the biotechnology lifecycle
In the past, biotechnology firms hoped to make money by discovering and bringing a product to
market – a process can take anywhere from ten to fifteen years. Today, most start-ups make
money by developing and selling intellectual property to other companies that have the resources
to finish developing it into a marketable product. This means that R&D discovered in one region is
likely to leave the region for commercialization elsewhere. The business model for an IP-focused
biotechnology firm would include four steps:
1.

Basic research. Basic research is conducted in universities and medical research centers
by professors and doctoral and post-doctoral students, sometimes in conjunction with
industry researchers. Basic research is almost always funded by U.S. government grants.

2.

Start-up. When the drug target shows some commercial promise, the inventing
researchers may create a firm, or the university may license the discovery to
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entrepreneurs who continue developing the product until it shows potential to make it
through clinical trials and approvals to become a marketable drug.
3.

Licensing or acquisition. The cost of taking a drug through clinical trials and FDA
approval has become so prohibitive that many biotechnology firms opt to license early
discoveries to an established pharmaceutical firm with the resources to take the drug the
rest of the way through the trials and approval processes. In some cases, the large
pharmaceutical firms will acquire both the intellectual property and the personnel who
created the promising drug.

4.

Commercialization. After the promising drug or product has been through the approval
process, it must still be manufactured, marketed, and distributed. Since most small
biotech start-ups do not have the resources or expertise to roll out a new pharmaceutical,
it makes sense to sell out to a larger pharmaceutical company with the resources and
expertise to get the product into the marketplace. With many of their blockbuster drugs
losing patent protection in the next few years, pharmaceutical firms enjoy cost savings by
buying promising drug targets that originated in government-funded research labs
(Kolchinsky, 2001).

Impacts of biopharmaceutical life cycle and business models on employment
Understanding biotechnology business models is key to assessing cluster development
strategies and their potential employment impacts. For a research-intensive cluster such as
the Gulf Coast, licensing of promising drug targets means that later stage jobs in
manufacturing will probably leave the region when they are purchased by pharmaceutical
companies outside of Texas, taking later stage occupations with them (Table 9).

Table 9. Impacts of biopharmaceutical life cycle on employment needs
Life Cycle Stage
Basic and theoretical
research

Business start-up
through early clinical
trials

 Research scientists
 Research assistants—students, Ph.D.s,

Scientists start a business, or
university Tech Transfer Office
licenses discovery to
entrepreneurs to develop.






Applied research and
development moves the
discovery towards clinical
trials.
Licensing/ acquisition

Product showing market
promise is sold or acquired,
generally to a pharmaceuticals
firm.
Acquiring firm completes
clinical trials and approvals.

Commercialization

Personnel needs

Activities/ entities involved
Basic discovery research
conducted in universities and
research labs with funding
from the U.S. government

Development of manufacturing
processes, marketing plan, and
distribution channels.
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and Post-docs

 Lab personnel
Research scientists
Lab personnel
Business development managers
Regulatory and data management
personnel
 Clinical trials personnel






Research scientists
Lab personnel
Business development managers
Regulatory and data management
personnel
 Clinical trials personnel
 Process engineers
 Manufacturing engineers

 Sales and marketing personnel
 Business management
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Patterns of disintermediation
Jobs can leave the region at several stages in the life cycle. R&D and clinical trials tend to
occur close to universities and medical research centers where the basic research was
performed. However, clinical trials are now beginning to be outsourced to India and China
(Tansey, 2004). Development of promising drugs acquired from small firms, marketing, and
commercialization activities often move to larger pharmaceutical companies located in the
northeast. Manufacturing is also increasing in China and India (Figure 7).
Figure 7. Disintermediation of the life cycle

Research
Houston

Clinical Trials
Houston
India
China

Manufacturing

Sales & distribution

New York, New Jersey, Pennsylvania,
Taiwan, Singapore, India, China

Downstream employment generation from suppliers
While most of the Gulf Coast region’s biotechnology R&D firms and institutions are not likely to
become biopharmaceuticals manufacturers employing lots of people, they are consumers of
inputs—supplies, equipment, and tools produced by regional firms. Supplier firms are more
established in the region, and can serve not only the local markets, but world markets as well.
This makes them a better bet for remaining in the region than pure biopharmaceutical
research firms.
The knowledge and skills required to work in the firms that supply biotechnology inputs and
services are as diverse as the products themselves. Examples of supplier/service/input
companies include firms engaged in
 Processing of cells, DNA, proteins, and other cellular and subcellular parts
 Production of biotechnology inputs such as reagents, cell culture supplies, and
serums
 Design and development of biotechnology processing equipment
 Sample storage and data management
 Design and development of diagnostic tools and substances
 Design and development of advanced materials such as nanospheres and implant
materials
Because supplier firms actually produce products rather than just performing research, jobs in
supplier firms are more likely to be codified and well-defined production jobs, potentially
opening up more opportunities for workers with associate’s, bachelor’s, and master’s degrees
in sciences. However, also because of the diversity of products and services provided by
supplier firms, employment demand will be for very diverse, small occupational groups, and
probably not for large occupational populations such as would be seen in healthcare or other
more established fields.
Biotechnology processes and skills in a mature biocluster
A recent survey of California Bay Area employers—a much larger and more mature cluster
than the Gulf Coast biocluster—identified the following biotechnology processes as most
critical to their operations in the next few years. The processes in their list suggest the types
of skills that might be needed in a cluster which has both mature research and production
subsectors:
1. Protein extraction, purification, and separation
2. Fermentation, bioprocessing, biotransformation, and biomanufacturing
3. DNA recombination, DNA sequencing, DNA amplification
4. Advanced drug delivery systems
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5. Peptide and protein sequencing and synthesis
6. Drug design
7. Culture and manipulation of cells, stem cells, tissues, and embryos
8. Microbiology, virology, and microbial ecology
9. Diagnostic testing
10. Cell receptors, cell signaling, and signaling pheromones
11. Combinatorial chemistry, 3D molecular modeling, and structure biology
12. Nanotechnology
13. Gene probes and markers
14. Bioinformatics
15. Genomics
(Koehler and Koehler-Jones, 2006)

Subsector distribution on the Gulf Coast
In the Texas Gulf Coast biosciences cluster, there are approximately 30 pharmaceutical
research firms seeking to discover and develop new drugs, 41 companies that provide various
services and inputs to the research industry, and about 34 medical devices firms which may or
may not be involved in biotechnology. The region is also home to a large number of clinical
trials that are potential generators of employment, a portion of which may involve
biotechnology. (More detailed statistics are provided in Section 4).
It cannot automatically be assumed that supply firms will produce their products in the region
because of the trend toward outsourcing. But they are less likely to leave the region than
early stage biopharmaceutical discovery firms, making them a more promising bet for
downstream employment generation.

Biosciences occupation model
A general model of biopharmaceutical job families and occupations that might be seen in a
mature cluster is shown in Figure 8.
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Figure 8. BiosciencesFigure
Occupational
Families/Job Titles
8.

Discovery Research & Development
 Director Research and
Development
 Research Fellow, Post-doc
Scientist I-IV
 Fermentation
 Chemistry
 Cell Biology
 Microarrays
 In vivo pharmacology
 Protein purification
 Genomics/Proteomics
 Analytical Development
 Bioanalysis
 Biotherapeutics
 Toxicology
 Medicinal chemistry
 Molecular biology

 Associate Scientist
 Research Associate 1-IV
Information
Systems
Information
Systems

Clinical and Reg Affairs

Clinical and Regulatory Affairs
 Medical director
 Clinical research director
 Clinical study recruitment director
 Clinical research scientist
 Clinical
 Clinical
 Clinical
 Clinical
 Clinical

Trials
trials manager
research associate
associate
research coordinator

Clinical Data
 Clinical data manager
 Clinical data associate
 Medical writer
 Biostatistician
 Bioinformatics
 Sr. clinical programmer/analyst
 Documentation
coordinator/specialist
Regulatory affairs
 Director regulatory affairs
 Manager regulatory affairs
 Regulatory affairs associate

 Information systems

Process and Product Development/
Mfrg and Operations
VP of Operations
Process Development
 Process development scientist
 Process development engineer
 Process development specialist
Facilities
 Facilities manager
 Facilities technician
Manufacturing and Production
 Director, engineering
 Product and device engineering
 Software engineer/architect
 Production site engineer
 Production planner/scheduler
 Electrical engineer
 Mechanical engineer
 Engineering technician
 Calibration technician.
 Manufacturing director/manager
 Manufacturing engineer
 Manufacturing associate
Materials manager
 Supervisor

director/manager
Bioinformatics
 Bioinformatics specialist
 Software engineer
 Scientific engineer
 Scientific programmer
 Database analyst, programmer,
admin
 Clinical database programmer
 SAS/Statistical programmer
 Applications System Analyst

 Clinical software systems

Management
andAdmin
Admin
Management
and
 CEO, CFO
 Director of intellectual property
 Human resources
 Intellectual property
 Recruiting
 Investor relations
 Facilities mgmt
 Accounting/purchasing
 Logistics
 Clerical and administrative

validation tester
 PC technician

support

 Network engineer
 Network administrator

Business Development, Marketing
and Sales

Laboratory

Laboratory

 Lab manager
 Lab chemist
 Lab technician
 Lab assistant
 Media prep technician
 Greenhouse assistant
 Animal care technician
 Glass washer

 Assay analyst
 Fermentation tech
 Aseptic fill technician
 Instrument calibration technician
 Material Handling Specialist
 Manufacturing Technician

Quality Assurance and Control
 Director, QA/QC
 Manager, quality
assurance/quality control

 Regional sales director
 Sr. sales manager
 Sales
 Contracts manager
 Corporate communications

 Quality control analyst
 Environmental health and safety







specialist
QA Sr. auditor
Senior quality eng (Validation)
Quality control specialist
Quality assurance associate
Safety associate
Validation technician

relations director

 VP of marketing
 Marketing research analyst

Documentation
Documentation
 Director of proposal services
 Medical communications scientist
 Clinical publishing specialist
 Document control specialist QA
 Documentation specialist
 Documentation associate
 Technical writer

(Adapted from California State University, CSUPERB ,2001).
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The Medical Devices Industry
Table 10

A medical device is defined as “an instrument, apparatus,
implement, machine, contrivance, implant, in vivo reagent, or
other similar article intended for use in the diagnosis, cure,
mitigation, treatment, or prevention of disease” (Wikipedia).
In 2004, medical devices industry was responsible for a
production value of $82.4 billion, and the U.S. is said to hold
a considerable competitive advantage in this industry (U.S.
Dept of Commerce, 2005). Major classes of medical devices
are shown in Table 10.
While most medical devices are not related to biotechnology,
many kinds of tools and equipment have been developed for
biotechnology processes, including specialized tools and
equipment for drug discovery, high throughput screening,
expression profiling, microarray, and other processes.
In the 1990s, tools, software and equipment developed by
biotechnology researchers became marketable in their own
right. However, the number of biotechnology tools introduced
to the market may have exceeded demand, causing a slower
market for some forms of biotechnology tools and equipment
(Kolchinsky, 2001).

Medical Devices/Equip
Drug delivery devices
Syringes, infusion pumps, patches,
inhalers

Mobility and assistive devices
 Wheelchairs, walkers, crutches,
braces, prostheses and orthoses:
artificial joints, organs, limbs, tissue

Implantable medical devices
Pacemakers, shunts, stents, valves,
artificial joints, bone, tissue
frameworks.

Diagnostic devices
Monitors, imaging equipment,
radiological equipment, MRIs, CAT
scan equipment, in vitro diagnostic
devices

Therapeutic equipment
Defibrillators, lasers,
neurostimulation, dialysis equipment,
respiratory equipment

Ophthalmic products

The biomedical devices lifecycle
The medical devices lifecycle is similar to that of the
biopharmaceutical product life cycle. New medical devices
must undergo a long period of clinical trials and approvals
before they make it to market, requiring complex rounds of
venture capital funding. Commercial production of the device
may occur locally, or it may be outsourced to lower-wage
regions.
Trends and issues
 The medical devices industry is going through a period of

consolidation due to the costs of early research and
development of new devices. (U.S. Dept of Commerce,
2005).

Contact lenses, expanders, artificial
lenses

Surgical equipment
Hospital and Home health supplies
 Wound care and hospital supplies
 Imaging equipment
Biotech/bioprocessing equip
 Biochips and Biosensors
 Bioprocessing equipment –





bioreactors, fermentation
High throughput screening
Microarrays
Biomaterials
Laboratory equipment, tools,
furniture

 Venture capital investment is a critical issue in medical devices

because of the high risk and long timelines to get through the
approval process. Medical devices receive about half of the venture capital funding that
biopharmaceuticals receive (Pricewaterhousecooper’s, 2006).
 Aging baby boomers will drive markets for various types of new implants, assistive and medical

devices, arthroscopic surgeries, artificial joints, and drug delivery devices. Home healthcare
products are expected to be one of the fastest growing segments of the medical devices industry
(U.S. Department of Commerce, 2005).
 The return of Iraq war veterans, many with injuries that would not have been survivable in the

past, will require a range of highly customized assistive devices, prostheses, and orthoses.
 Reimbursement policies for medical devices are perceived in the industry as a stumbling block to

innovation. Low reimbursement rates may make it unfeasible to produce certain products in the
U.S. (Department of Commerce, 2005).
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Workforce development implications
The biomedical devices cluster includes several distinct specializations with different workforce
skills and training needs. Education needs for the industry will vary depending on the type of
product being produced, as well as the general lifecycle of the industry. If laid out on a grid
(Table 11), it is apparent that the training needs of this industry are highly fragmented and
diverse, echoing earlier statements that biotechnology workforce training needs are likely to
occur in small niches rather than large occupational groups.

Table 11. Knowledge and Skills Matrix

R&D

Design

Clinical
Trials

Develop

Produce

Marketing
and Sales

Surg and Med Instruments
Electro devices

Irradiation
Ophthalmic
In vitro
Lab equip/furn

(www.devicelink.com)
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Industrial biotechnology
Table 12.

Industrial biotechnology is referred to as the “third
wave” in biotechnology, because of its vast potential for
growth and the strategic importance of its applications
to national security, energy, and the environment
(Erickson and Hessler, 2004).
Industrial biotechnology addresses some of the most
important challenges making the news everyday,
including
 Finding new sources of energy
 Addressing the threat of biological terrorism
 Reducing costs and environmental impact of
manufacturing
 Replacing petroleum-based manufacturing inputs
 Reducing greenhouse gases and restoring
environmental damage
Key applications are shown in Table 12.
Biofuels
One of the most anticipated applications of industrial
biotechnology is in the area of biofuels where a wide
range of biological materials such as corn, switchgrass,
beets, woody plants, and waste products offer promise for
replacing petroleum-based fuels. Agricultural oils from
soybeans and other plants are being used to produce
biodiesel and bio-oils.

Industrial Biotechnology
BioFuels/chemicals
 Biological fuel cells
 Bio-hydrogen
 Bio-ethanol
Bioprocessing
 Pulp and paper bleaching
 Biopulping
 Metal ore leaching
 Vitamin production
 High fructose syrup production
 Oil well hole completion
 Road surface treatment
 Vegetable oil degumming
 Oil and gas desulphurization
 Coalbed methane water
treatment

Biomaterials
 Microchips
 Fine and bulk chemicals
 Synthetic fibers
 Pharmaceuticals
 Biobased plastics
 Biopolymers
Security and defense
 Chem/Bio warfare agent
decontamination

There are many technical challenges to producing biofuels
Environment
in large amounts, including the costs of enzymes needed to
 Plant-based bioremediation
convert biological materials to fuels, and development of
(Bio.org)
refining and processing technologies for mass production.
Another question is how much arable land will be needed for
biofuels. It is estimated that 50% of all arable land in the
world is already in use for food production, raising questions about whether there is enough
land and water left for growing biofuels crops (Deane, Dale, van Dam, 2005).
Bioprocessing
Modern industrial processes both use and produce toxic chemicals that must be processed at
high cost for environmentally safe disposal. Transgenic plants are being used to create fatty
acids and oils for paints and manufacturing, and biopolymers for plastics manufacturing,
replacing more toxic and expensive chemical feedstocks. It is expected that savings from
bioprocessing will eventually be great enough to spur increased investment in bioprocessing
research and development.
Biomaterials
Today’s plastics market is growing at 5% a year and is heavily dependent on petroleum-based
feedstocks. Biobased plastics are expected to reduce reliance on fossil fuels, lower
greenhouse gas emissions, and lessen solid waste generation. As gas prices rise and
environmental concerns generate more calls for regulation, the market for biobased plastics
and other materials is expected to increase (Rannieri, Stoppert, and Barber, 2005).
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Bioremediation
In 1975, a massive leak from a military fuel storage facility in Hanahan, SC released 80,000
gallons of kerosene-based jet fuel into the sandy underlying soil, leaching into the water table.
By 1985, the now-toxic water was approaching the town’s main water supply, requiring
immediate action. However, removing the soil and the water would have been prohibitively
expensive and technologically infeasible. It would not be until 1992 that a solution was finally
possible. Scientists from the U.S. Geological Survey had by that time discovered that
microorganisms could be used to metabolize the toxins in the water. The new bioremediation
technologies resulted in a 75% decrease in concentration of the pollutants in the ground
water, providing one of the first large-scale demonstrations of the potential of bioremediation.
Since then, bioremediation has been used successfully to treat pollution from oil spills,
pesticides, sewage effluent agricultural chemicals, and other toxic wastes.
Bioremediation offers lower-cost alternatives to treating the polluted areas that would cost
more than $1 trillion using traditional remediation approaches (U.S. Geological Survey, 1997).

Biochemicals
Currently, over 5% of chemical processes use biotechnology inputs, reducing production steps
and costs, utilizing more sustainable inputs, and generating less impact on the environment
(Bio.org). Use of biotechnology in the chemical industry is rising sharply, and McKinsey and
Company consider biochemicals to be a growth industry for the next ten years (McKinsey &
Co., 2006).
The Pacific Northwest National Laboratory and the National Renewable Energy Laboratory
(NREL) have identified at least twelve “building block” chemical families that can be produced
from biological feedstocks to create intermediates and secondary chemicals for a wide range of
applications (Figure 9).
Figure 9. Biochemicals Feedstocks

(Werpy and Petersen, 2004)
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Trends and issues
The U.S. federal government has thrown its support behind the growth and development of
industrial biotechnology. In 2000, the U.S. Department of Energy initiated the Genomes to Life
program, now called Genomics: GTL, to create systems for bioenergy production and
environmental remediation and to conduct research on carbon cycling and sequestration
(http://genomicsgtl.energy.gov/).
Since its inception, the program has funded over 75 research projects throughout the U.S.
The Department of Energy is also planning four facilities for protein production and
characterization, characterization and imaging of biomolecular materials, proteomic analysis of
microorganisms, and modeling of microbial community cellular systems to facilitate genomic
research relevant to its mission (National Research Council, 2006).
The Bio-based Products Preferred Procurement Program

Industrial biotechnology got a boost from the 2002 Federal Bio-based Products Preferred
Procurement Program, which requires federal agencies to purchase bioproducts whenever
possible to replace chemical- and petroleum-based products. Examples include bio-based
hydraulic fluids, janitorial cleaning agents, industrial cleaning agents, and gas and diesel
additives (Duncan, Narayan, and Muska, 2005).
Bioenergy Research Centers

The U.S. Department of Energy has allocated $250 million to establish and operate two
Bioenergy Research Centers to conduct research on cellulosic ethanol and biofuels in order to
improve economics of biofuels as an alternative to fossil fuels (Texas State Energy
Conservation Office website).
Workforce development implications
The Texas Gulf Coast region is home to some of the largest concentrations of oil, gas, and
petrochemicals refining activity in the nation. The region is well-positioned to leverage its
existing strengths in basic biotechnology research with the existing petrochemicals refining
cluster to play a leadership role in the development of industrial biotechnology.
Industrial biotechnology is currently not a large employer. Most employment opportunities are
at national labs, universities, and not-for-profit institutions (Morrissey, 2005). While there is
little demand for industrial biotechnology workers in the region at this time, the Gulf Coast
area could position itself to become a research leader in much the same way that it is now a
leader in biotechnology R&D.
Occupations likely to be created or redefined by industrial biotechnology are shown in Table
13.
Table 13. Industrial biotechnology occupations















Assay Analyst
Biochemical Development Engineer
Biological Technician
Biologist (BioTech)
Chemical Engineer
Chemical Engineer Technician
Chemist (BioTech)
Environmental Consultant
Environmental Engineer
Environmental Health and Safety
Specialist
Environmental Technician
Lab technician
Epidemiologist (BioTech Ind.&Env.)
Food Scientist


















Manufacturing Engineer (BioTech)
Manufacturing Research Associate
Manufacturing Technician (BioTech)
Market Research Analyst
Materials/Metallurgical Engineer
Microbiologist
Pharmacologist
Product Development Engineer
Quality Assurance Auditor (BioTech)
Quality Controller (BioTech)
Quality Controller Engineer (BioTech)
Regulatory Affairs Specialist
Validation Engineer
Validation Technician
Water Treatment Plant Operator
Wastewater Treatment Plant Operator
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Agricultural biotechnology
Table 14

Agricultural biotechnology is both one of the oldest and one
of the newest subsectors of biotechnology. Humans have
been working for millennia to improve crop yields and animal
stock through selective breeding and hybridization.
Advances in biotechnology enable genetic alterations of
agricultural crops and animals for desired traits, while better
controlling for undesirable traits that often occur in selective
breeding.
The first generation of agricultural biotechnology focused on
altering plant traits to enhance herbicide, insect, and disease
resistance. The second generation of agricultural
biotechnology is focusing on development of plant biologics
to produce plants with functional proteins and antibodies
that can be used in the production of medicines, or as
therapeutic foods (Mascia, Mercer, and Howard, 2005).

Agricultural Biotechnology

Crops
 Herbicide and insect-resistant
crops

 Crops with improved yield and
qualities

 Nutritionally enhanced crops
 Plants with pharmaceutical
qualities

 Prebiotics, probiotics, and enzymes
 Nutrigenomics
Agricultural Animals
 Metabolic modifiers to alter weight



Intellectual property in agricultural biotechnology
It was not until the 1980s that utility patents for plants and
animals could be obtained, opening the door for profit-making
applications of agricultural biotechnology. Since then, the
industry has developed rapidly, marked by important
milestones:
 1982 First field trials conducted for biotech plants
modified for greater disease and pest resistance.
 1985 The first genetically altered plant—a tobacco plant
resistant to an antibiotic—was introduced.
 1994 The first widely accepted genetically altered
food—the FlavSavr TM tomato—hit the shelves.
 1994 Bovine somatotropin (bST), a hormone substance,
was first introduced to increase milk yield and decrease
animal waste in dairy cows.
 1996 Dolly the sheep, the first successfully cloned
mammal, was born.
 2000 The first entire plant genome was sequenced,
enabling a much faster pace of innovation in agricultural
biotechnology.
(Erickson, and Hessler, 2004).
Agricultural biotechnology business models
Agricultural and industrial biotechnologies have different
business challenges than biotechnology. For starters,
agricultural research receives only 2% of U.S. federal
research dollars (Texas A&M University, no date).







gain or milk yield, improve meatto-fat ratio, and decrease animal
waste
Reduction of nutrients and odors
from manure and reduction of
volume of manure
Cloning of animals
Detection and prevention of “mad
cow” disease, bovine tuberculosis,
and brucellosis
Lactose-free milk
Transplantation of animal organs to
humans
Human tissue generation in
animals for repairing damaged
organs

BioFuels
 Biomass and bioenergy crops
 Ethanol
 Collection, pretreatment,
hydrolysis, fermentation, and
recovery of cellulosic materials for
ethanol production
 Biohydrogen production
 Bio-based oils as substitute for
petroleum-based oils
 Biosolids

Marine
 Marine biomes
 Micro and nanostructures from
diatoms

 Marine biopharmaceuticals
Defense
 Plant-based biosensors
 Nano filtration systems
 Plant-based bioremediation of
chemical warfare agents

Agriculture and industrial biotechnology outputs are produced
primarily for intermediate consumers, and not for end-users,
(Sources: TAMU, Erickson and
so new products do not have the same profit prospects of
Hessler, 2004)
blockbuster drugs. Both agriculture and industrial
biotechnology business models are built on making small
profits from repeated sales of diverse product lines, such as
sales of seed, fertilizers, and pesticides to farmers. The need
for high volume sales favors consolidation of agricultural biotechnology activity among a handful
of multinational conglomerates such as Archer-Daniels-Midland (ADM) and Monsanto (New
Economy Strategies, 2004).
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Workforce development implications for agricultural biotechnology
Early stage research on agricultural biotechnology is generally conducted in agriculturefocused university and private labs, supported by collaborations with industrial partners who
bring manufacturing and market capabilities to the partnership. This means that innovations
discovered in university labs will probably be licensed to a large firm located elsewhere rather
than being developed in the region.
In both the biofuels and agricultural biotechnology industries, processing and manufacturing
facilities will most likely have to be located close to where the crops are grown because it
would make more sense to locate close to the supply, rather than paying for transport and
storage of biomass. This creates the potential for new investment and jobs in rural areas
(ibid).
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Implications for biotechnology employment
Estimates of U.S. biotechnology employment vary from about 150,000 workers estimated by
Ernst & Young (2004) and Bio.com, to estimates of over 1.2 million from the Battelle Institution
(2006) (Table 15).
The wide range of these estimates
depends on whether biotechnology is
defined broadly or narrowly, as well as
whether NAICS data or Standard
Occupational Codes data is used.
Even with the highest figure of 1.2 million
workers from Battelle’s NAICS-based
estimate, bioscience still represents only
about 1% of total U.S. occupational
employment.

Table 15. U.S. biotech employment
estimates by NAICS (2005)
Subsector

2001

2004

Agric feedstock & chemicals

112,693

103,893

Drugs & pharmaceuticals

304,829

313,207

Medical devices & equip

426,949

411,460

Research, Testing, and Med
Labs

382,105

413,550

TOTAL

1,226,576

1,243,109

The bulk of biotechnology employment is
in biopharmaceuticals research and
manufacturing. Research employment
tends to occur in universities and medical
centers employing highly educated
scientists.

(Battelle, 2006. Calculations based on Bureau
Labor Statistics QCEW program data.

Manufacturing employment tends to occur
in established U.S. pharmaceuticals
manufacturing centers. However,
manufacturing is also moving overseas.
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III. Baseline Data for the Texas Gulf Coast Biosciences-Medical Devices Cluster
Purpose of baseline data
A key focus of many cluster initiatives is ensuring that a region has the human resources,
infrastructure, and other resources needed for cluster growth and competitiveness. Lack of
clear baseline data on Gulf Coast biotechnology activity and employment was an early
challenge for this study. Collection of baseline data was a key objective of this study in order
to facilitate tracking of cluster growth and development by cluster developers and researchers.
This section summarizes the best available data on the Gulf Coast biosciences cluster
including:
 Geographical boundaries of the cluster
 How the cluster ranks against other clusters
 Inventory of Gulf Coast biosciences employer firms and institutions
 Cluster “input factors”
o supply and demand indicators for the biotechnology labor pool
o current employment estimates
o educational capacity
 Technology transfer and commercialization issues

Snapshot of the Texas Gulf Coast Biosciences Industry
o

The cluster is considered to be an “emerging” cluster in national biocluster rankings,
with strengths in research and development, but lower levels of commercialization
activity (Cortright and Mayer, 2002; BCM Technologies, 2002).

o

Texas Gulf Coast Biosciences employment is estimated by this study to be between
5,000 and 7,000, divided between the private and public sectors.


Approximately 120 private sector biotechnology and medical devices firms
employ an estimated 4,500-6,000 workers.



Institutional biotechnology employment, concentrated in medical schools,
universities and research institutions, is estimated to be between 1,0002,000.

o

More than one hundred specialized education programs, from the associate’s degree
level to doctoral-level, provide training and education in all aspects of biotechnology
and biomedical sciences. The region is #2 in the number of biosciences graduate
degrees awarded in the nation (BioHouston.org).

o

Over $1.4 billion is invested each year in biotechnology and medical research in the
region (BioHouston.Org), but companies report problems getting adequate investment
capital.

o

Despite high levels of funding, the region lags other clusters in innovation indicators
such as patents, licensing income, and new business start-ups (DeVol, et al, 2006).

o

At least twenty-four start-ups have left the region over the past decade for
commercialization in other states, mainly through mergers and acquisitions.
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Geographical boundaries
Figure 10. Texas Gulf Coast Biotech cluster boundaries

The Texas Gulf Coast biosciencesmedical devices cluster is centered
geographically in the HoustonSugarland-Baytown Metropolitan
Statistical Area (MSA), which includes
the surrounding counties of Austin,
Brazoria, Chambers, Fort Bend,
Galveston, Harris, Liberty, San
Jacinto, Waller and Montgomery
Counties.
This area includes important
biotechnology mini-clusters in The
Woodlands, the Clear Lake area, and
Galveston.

Bryan/College Station
(Texas A&M)
The Woodlands

Houston

Galveston

Although not directly in the Houston
Metropolitan Statistical Area (MSA),
Texas A&M University, located in
College Station-Bryan some 80 miles
north of Houston, is also an active
participant in the Texas Gulf Coast
biosciences/biomedical devices cluster
through extensive collaborations in
research and education with institutions
in the Texas Medical Center.
Much of the occupational, employment and industrial data for Gulf Coast biotechnology cluster
analysis is drawn from Bureau of Labor Statistics databases at the Metropolitan Statistical Area
(MSA) level. In this study, data for biotechnology-related industries and occupations was
incomplete or nonexistent for Galveston and College Station-Bryan. Therefore, some of the
public data estimates may not reflect the full strength of activity on the outer geographical
boundaries of the cluster.

Influence of the Texas Medical Center
Following a pattern typical of cluster formation, the Gulf Coast biosciences industry has
evolved close to medical schools, universities, and research institutions in the Texas Medical
Center (TMC). The TMC is a sprawling complex of more than 40 member institutions that
includes two medical schools, four schools of nursing, thirteen hospitals, and a number of
specialized research institutions. The TMC employed more than 65,300 workers and 4,000
physicians as of 2004. The center had more than 5.2 million patient visits in 2004, and more
than 22,000 students are enrolled in TMC educational institutions (BioHouston, 2005). Figure
11 provides a snapshot of the institutions of the Texas Medical Center.
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Figure
11.10.
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Cluster rankings
Houston’s biotechnology location quotients (LQs) show that overall concentration of
biosciences employment is below that of more established biotechnology clusters elsewhere in
the U.S. (Table 16).
Table 16. Comparison of location quotients of Houston and other clusters

Location Quotients for key biotech NAICS codes

Med mfrg

NAICS
325412
Pharm
Prep Mfrg

NAICS
33911 Med
equp/sup
mfrg

NAICS
339112
Surg/ med
inst mfrg

NAICS
541710
physical,
eng, and
bio rsch

San Diego, Carlsbad, San
Marcos CA MSA

1.48

0.34

1.62

1.64

4.56

NY-NJ-PA MSA

2.96

3.20

0.78

0.39

1.23

Boston, Cambridge, Quincy,
MA, NH

1.32

ND

1.46

2.45

ND

3.57

2.01

1.02

ND

ND

ND

ND

0.47

ND

1.65

0.28

0.25

0.34

0.27

0.62

NAICS
32541
Pharm/

Raleigh-Cary, NC MSA
Seattle-Tacoma, Bellevue
MSA

Houston, Baytown,
Sugarland MSA
State of Texas

.42

0.56

.66

ND indicates “Not Disclosable” by BLS. This may be due to refusal of firms to release data for
competitive reasons or because the data is simply unavailable.
U.S. Bureau of Labor Statistics, Location Quotients Calculator; Battelle, 2006

Although Houston does not have high Location Quotients for biosciences activity, the region is
considered to be an emerging research and development cluster according to the Brookings
Institution’s 2002 regional biotechnology cluster assessment (Cortright and Mayer, 2002).
Their assessment is based on the strength of research activity and funding in the Texas
Medical Center and area universities. Brookings’ 2002 rankings of the top biotechnology
clusters and their specialties are presented in Table 17.
Table 17. Brookings Institution’s 2002 rankings of biotechnology clusters

Pharmaceuticals Mfrg.

Instruments Mfrg.

Med Devices Mfrg.

R&D

Philadelphia, PA

Bay Area, CA

Minn-St. Paul, MN

Bay Area, CA

Los Angeles, CA

Boston, MA

Bay Area, CA

Houston, TX

Newark, NJ

Bridgeport, CN

Los Angeles, CA

Boston, MA

Middlesex, Summerset,
Henderson

Los Angeles, CA

Boston, MA

Wash., DC

Chicago, IL

San Diego, CA

Chicago, IL

Los Angeles, CA

Bay Area, CA

Indianapolis, IN

St. Louis, MO

Cincinnati, OH

(Cortright and Mayer, 2002)
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Clinical trials activity
Figure 12. U.S. Distribution of clinical trials in 2005

Texas is one of the leading states for
clinical trials in the U.S. In 2005,
over 1,100 clinical trials were
conducted in the state, according to
www.Clinicaltrials.Gov, a website
that tracks clinical trials around the
nation. It is not known how many of
these involved biotechnology or
occurred in Houston, but Texas
Medical Center institutions are
heavily involved in clinical trials,
particularly at the M.D. Anderson
Cancer Center.
Clinical trials generate potential
employment in several occupations,
including clinical research assistants
www.clinicaltrials.gov
and associates, bioinformatics, and
regulatory affairs, so their impact on
cluster employment may not be fully represented in the employment statistics.

Texas Gulf Coast biosciences cluster employment estimates
A key objective of this study was to compile baseline data on the Gulf Coast biosciences
cluster, including estimated employment from company data online. No attempt to survey or
contact companies was made because of early feedback that such efforts would be viewed as
burdensome, a finding discussed in more detail in Section 5. This study estimated that the
biotechnology/medical devices cluster employs an estimated 5,000-7,000 workers.
Methods of estimation are summarized in Table 18 and in the following notes.
Table 18. Estimated Texas Gulf Coast biosciences employment 2006

Subsector

Firms

Published
Employment

Biotechnology sector inputs, specialized services—
diagnostics, analytics, processing

41

767

Biopharmaceuticals, therapeutics research, tissue,
cell engineering

30

1264

Med Devices, materials, tools, technologies

34

1511

Pharm. Prep./mfrg.

7

286

Industrial biotechnology

8

unknown

SUBTOTAL

120

3828

Estimated employment in remaining commercial firms
without published employment counts

400

Estimated institutional biotechnology employment

1,000-2,000

SubTotal

5,228- 6,228

ESTIMATED RANGE

5,000-7,000
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Methods used to estimate employment

1. Biotechnology, medical, and related firms were identified from existing directories and
lists, and company research was performed online to determine whether the company
was still in existence, to identify its core technologies and activities, and to find
employment estimates. Selection criteria are detailed in the Appendix.

2. Estimated employment for each firm was researched online on the company website, in
available biotechnology data resources, business websites, press releases, NAICs-based
directories, and other sources.

3. Companies with no published employment were assumed to be primarily small startups. There were approximately 40 companies with no employment estimates, which
were arbitrarily assigned ten employees for a total of 400 estimated employees in
companies where no data was available.

4. Estimates of institutional employment of 1,000-2,000 was based on the presence of
approximately 100 specialized biotechnology education and research programs in the
region, as well as 1,100 clinical research trials conducted in 2005, a portion of which
were probably biotechnology.

5. Companies that had left the region or gone out of business were also researched to try
to determine what had happened to them. They are discussed in a later section on
“leakage” of firms from the region.
It is recognized that firm and employment estimates generated this way have wide margins of
error depending on the types of firms included, adequacy of search, and accuracy of
“guestimates” . These estimates were then checked against statistical estimates of regional
biosciences employment based on NAICS and SOC codes for the region.

NAICS-based employment estimates
NAICS-based employment figures from the U.S. Department of Labor for the Texas Gulf Coast
biosciences/biomedical cluster estimate biotechnology employment to be over 14,000.
However, these numbers confound a small number of biotechnology jobs with a much larger
number of nonbiotechnology jobs (Table 19).
Table 19. NAICS-based employment estimates for Houston metropolitan statistical area 2002-2006

NAICS

Category

2002

2004

2006

5417

*Physical, engineering, and
biological research

4,557

4,837

5,707

5413

**Testing laboratories

5,227

5,029

5,157

3391

Med equip. and supplies mfrg.

2605

2428

2481

32541

Pharm Mfrg.

<1409

<1944

<1,502

13,798

14,238

14,847

Subtotal

* Covers acoustics, electrical and electronic, geotechnical, engineering, and nonbiotechnology medical and pharmaceutical research. Biotechnology is a percentage of this
figure, but the proportion in relation to other forms of research is unknown.
**Covers all medical labs, hospital labs, etc. Only a small percentage of activity is likely
to be biotechnology-related.
Texas Workforce Commission, Labor Market and Career Information Department, in
cooperation with the Bureau of Labor Statistics, U.S. Department of Labor. Quarterly
Employment and Wages (QCEW) 2002-November 2005
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NAICS occupational change data
Methodological limitations to tracking employment using NAICS were discussed earlier in this
report. NAICS-based employment data for the Texas Gulf Coast, while not conclusive, suggest
that employment growth in the biosciences is modest:
 R&D has seen some of the largest increases in employment, but it is not clear how
much growth is in biotechnology compared to the other R&D intensive fields.
 Employment in testing laboratories is below 2002 levels.
 Medical devices and equipment employment has increased slightly from 2004, but
is still below 2002 levels.
 Pharmaceuticals manufacturing is down from 2004 levels.
Because of the relatively small number of firms and employers, opening or closing of even one
employer can have disproportionate impact on employment statistics, making it difficult to say
whether there is a trend towards growth or not.
Employment estimates based on the Standard Occupational Codes (SOC)
Occupational estimates by SOC classifications are particularly prone to error because they are
not aligned with actual biotechnology occupations, and they also overlap with
nonbiotechnology industries, resulting again in probable overstatement of biotechnology
employment (Table 20).
Table 20. Houston MSA employment estimates for biotechnology-related occupations (most recent data)

SOC

Title

Nov 2005

19-1012

Food scientists and technologists

50

19-1013

Soil and plant scientists

60

19-1029

Biological scientists, all other

19-2031

Chemists

19-2032

Materials scientists

150

19-4011

Agricultural and food service technicians

150

19-4021

Biological technicians

620

19-4099

Life, physical and social science technicians, all
other

750

29-1069

Physicians and surgeons, all other

2240

29-1199

Health diagnosing and treating practitioners,
all other

1750

29-2011

Medical and clinical laboratory technologists

3290

29-2012

Medical and clinical lab technicians

3040

29-2071

Medical records and health information
technicians

2050

170
1400

TOTAL

15,720

Occupational and Wage Estimates for The Gulf Coast WDA, November 2005, Texas Workforce
Commission, LMCI Dept., in cooperation with the BLS, U.S. Department of Labor

Regional labor market analysis by The WorkSource concluded that biotechnology represents
only about one-third of the jobs cited in the NAICS and SOC-based estimates (Wagher, 2003).
This study supports those conclusions.
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Limitations to regional employment estimates
A truly accurate estimate of Gulf Coast biosciences employment is probably not possible
because of the occupational overlap between biotechnology, medical and other professions,
and because many of the physicians, professors, and students who work in institutional
biotechnology research are classified under medical or educational classifications. Persons
working on a contract basis may also be undercounted, as well as persons working in
biotechnology in industries not normally associated with biotechnology.
If biotechnology employment grows significantly over time, growth will likely appear in NAICS
and SOC numbers, even though these statistics are not highly accurate measures of
biosciences industry or employment activity.
Despite a wide very wide range of error, it is likely that total biotechnology employment
represents less than 1% of the Texas Gulf Coast total civilian workforce of 2.7 million
(Wagher, 2003).

Mapping the Texas Gulf Coast Biotechnology/Medical Devices Cluster
A biotechnology cluster map for the Texas Gulf Coast region was created for this project to
visually show the distribution of types of biotechnology firms in the region .
Firms were classified into categories based on best-available descriptions of their primary
activities, loosely following a scheme developed by Burton, Cameron, and Peralta (2001). The
scheme classifies firms by technologies and processes so that they can be linked to skill sets
for educational and workforce analysis. Explanation of inclusion criteria is included in the
Appendix.
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1.

To open full size map in new window, click
http://texasbiotech.org/e/docs/texas_gulfcoast_biotechnology_med_devices_cluster_map.pdf

2. When the image appears, right click on it to rotate .
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Estimating labor demand with job ad scans
In the absence of clear industry data on regional biotechnology labor demand, online jobs
were tracked for six months as part of this study to gain a rough idea of the demand for
biotechnology skills in the Houston-Galveston area.
Approach
Job searches were initiated on several online job boards for all biotechnology jobs within a 50mile radius of Houston and Galveston. Listings were tracked from January 1 through June 1,
2006. After about a month, tracking was limited to just positions posted on
CareerBuilder.com, which seemed to pick up many of the same jobs on other job boards.
Company job websites were also scanned but less frequently because there were fewer jobs
posted. Institutional employment sites, such as the medical schools in the Texas Medical
Center, were not scanned frequently because biotechnology jobs were more difficult to discern
from other medical research positions.
The scan turned up a total of about 90 listings over a six month period. After removing
duplicates, permanent ads, and others that did not qualify as biotechnology, about 48
recruitment ads remained. A large number of the posted positions were from staffing
companies, which demonstrates their importance to the biosciences labor market.
Positions advertised were generally for highly skilled, experienced research, science, and
business development personnel. Relatively few jobs were posted that might be suitable for
newly graduated bachelor’s or even master’s degree students. A summary of the final list of
jobs posted is provided in Table 21.
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Table 21. Texas Gulf Coast Biosciences Online Job Ads
Position level

Position

(  Staffing company posting)

Director

 Medical Director, Oncology or Pulmonary
 Regulatory Affairs-Associate Director 
 Director of Clinical Operations

Managerial










Manager Of Pathology
Compounding /Operations Manager
Pharmaceutical Biotech Management 
Technical Support/Services Manager
Quality Assurance Manager 
Services Manager - Immunoassays
Sr. Mgr, Cell Culture, and Mfrg. Sciences 
Manager of Clinical Operations 

Clinical








Biotech Oncology Clinical Liaison
Clinical Research Associate 
Clinical Data Coordinator 
Clinical Research Associate 
Multi-Site Coordinator of Outpatient Studies 
Regional Clinical Research Associate 

Statistical

 Sr. Biostatistician
 Research Statistician
 Clinical Data Coordinator 

Sales














O.R. Medical Device Sales
Medical Sales Representative
Respiratory Specialty Pharmaceutical Sales
Oncology sales
Medical Device Sales Representative
Sales and Operations Executive for start-up 
Account Manager-Diagnostics
Pharmaceutical Sales Reps
Surgical Device Sales Representative
Territory Sales Representative
Medical Sales - Hemodialysis/Renal 
Medical Sales - Surgical

Lab/ techs









Quality Lab Techs 
DNA Lab Techs
Bio Med Equip Spec
Biomedical Technician
QPCR Technician 
Laboratory Technologist
Lab Supervisor - Medical Lab 

Chemistry

 Chemist - GCMS, GC, FID, TCD, ECD, Cry 
 Entry Level Chemists 

Eng






Other

 Genetic Counselor
 High Resolution GCMS Analyst

Production Engineer 
Production Engineer
Engineer III
Production Engineer—medical devices 
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Value of job ads scanning
While scanning job ads has a number of weaknesses as a measure of demand, it does provide
detailed occupational information useful for educational and workforce analysis, such as job
titles, skills requirements, knowledge requirements and credentials, and core technologies
being used.
The University of Houston’s Center for Life Sciences Technology (CLiST) is exploring
automated job ad tracking, using technology to harvest biotechnology job listings from
multiple job boards for analysis. Both the technology and the results will be assessed to
determine whether it generates useful proxy data for tracking local, real-time labor market
demand in fast moving fields. The prototype application is under development and can be
viewed at http://texasbiotech.org/web/guest/career/gulfcoast. Inquiries about the technology
and results should be directed to Dr. William Kudrle at 713-743-3445.
Summary of biosciences employment demand indicators
 The Gulf Coast region employs between 5,000-7,000 people in approximately 120 firms, ten

universities and medical schools, and various research institutions engaged in biosciences
R&D, production of inputs and services, medical devices, pharmaceuticals manufacturing,
and clinical trials subsectors.
 Regional employment growth in biotechnology-related occupations is modest at the present
time.

The region’s supply of biotechnology workers
A common goal of cluster development is to increase the pipeline of workers by increasing the
number of education and training programs in emerging fields. This makes sense if labor
market growth is expected to grow large enough to absorb all of the new graduates that are
being produced. Future biotechnology demand in the Gulf Coast region, however, is more
likely to have incremental growth in small, highly specialized niche occupations, and not rapid
growth in large occupational classes.
Any new positions can be filled from a number of labor pools including:
 Those currently working in the field
 Those currently enrolled in post-secondary education programs related to the field
 Secondary students who plan to enroll in biotechnology college programs in the near
future
 Workers in related jobs, such as medical lab technicians, who could make a lateral
move into biotechnology lab positions with some bridge training
 Workers with closely related skills who have left the labor market, but could be
induced to retrain and reenter the field
 Qualified workers willing to relocate from other regions
Science and lab jobs in the Gulf Coast biosciences cluster are likely to be filled by recruiting
from existing education programs, and from outside the region. Positions for experienced
biotechnology research and commercialization professionals are most likely in the near term to
be filled by recruiting from more mature clusters outside the region.
Houston educational attainment
The Houston metropolitan area has 75,000 current healthcare workers and over 300,000
students enrolled in regional institutions of higher education that could be latent sources of
biotechnology labor supply if demand were to increase (Table 22, Greater Houston
Partnership, 2005). Of the city’s general population, 27.8% have bachelor’s and graduate
degrees, and another 5.8% have completed associate’s degrees (ibid). Although this rate is
lower than many other comparable cities, it reflects the fact that Houston’s population is
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constantly growing as a result of immigration, many coming from regions with lower levels of
education (Smith, 2006).

Table 22. Houston MSA 2005 educational attainment

Highest Educational Level Attained
Graduate Degree

Population
Age 25 +

%

297,217

9.3

Bachelor’s Degree

595,670

18.6

Total College Completion

892,887

27.8

Associates Degree

185,593

5.8

Some college, no degree

659,411

20.6

High school diploma

788,858

24.6

Grade 9-12, no diploma

350,577

10.3

Less than grade 9

331,281

10.3

(Greater Houston Partnership, U.S. Bureau of the Census, 2005 American Community Survey)

Gulf Coast biotechnology educational and research institutions
Students interested in studying biotechnology and conducting research can choose from more
than one hundred specialized biomedical education programs offered through Gulf Coast area
universities, educational consortia, and specialized research centers (Table 23).
Table 23. Texas Gulf Coast biosciences research and educational institutions
Provider

Course of study/Program

W.M. Keck Center for Computational
Biology
 Baylor College of Medicine
 Rice University
 University of Texas MD Anderson
Cancer Center
 University of Texas Health Science
Center at Houston
 University of Texas Medical Branch at
Galveston
 The University of Houston









Computational biology
Undergraduate research training Program
Computational and Structural Biology in Biodefense
Molecular Biophysics Program
Nanobiology training program
Pharmacoinformatics Training program
Structural and computational biology training program

The Gulf Coast Consortia
 Baylor College of Medicine
 Rice University
 University of Texas MD Anderson
Cancer Center
 University of Texas Health Science
Center at Houston
 University of Texas Medical Branch at
Galveston
 The University of Houston
Houston General Clinical Research
Center
 The University of Texas Health
Science Center at Houston
 Memorial Hermann Hospital









Bioinformatics
Computational Cancer Research
Chemical Genomics
Magnetic Resonance
Membrane biology
Protein Crystallography
Theoretical and computational neuroscience










Bionutrition to support clinical trials
Genetics Core Lab
DNA harvesting and banking
DNA genotyping
DNA sequencing
Genetic statistical analysis
Informatics Core Lab
Specimen Core lab
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Provider

Alliance for Nanohealth
 Baylor College of Medicine
 Rice University
 University of Texas MD Anderson
Cancer Center
 University of Texas Health Science
Center at Houston
 University of Texas Medical Branch at
Galveston
 The University of Houston
Baylor College of Medicine
Baylor College of Medicine-University of
Texas Health Sciences Center Graduate
School of Biomedical Science

University of Houston

University of Houston-Clear Lake

Course of study/Program
Continued on next page…
Multi-disciplinary, multi-institutional collaborative research
endeavor aimed solely at using nanotechnology to bridge the
gaps between medicine, biology, materials science, computer
technology and public policy.


























Houston Advanced Research Center
(HARC)



University of Texas Medical Branch at
Galveston (UTMB)















Shell Center for Gene therapy
Biochemistry and Molecular Biology
Immunology
Molecular Physiology and Biophysics
Molecular Virology and Microbiology
Molecular and Cellular Biology
Molecular and Human Genetics
Pharmacology
Translational biology and molecular medicine
Cardiovascular Sciences
Cell and Molecular Biology
Developmental Biology
Structural and Computational Biology & Molecular Biophysics
Translational Biology & Molecular Medicine
Clinical Scientist Training Program
M.D./Ph.D. Program
Biology and Biochemistry
Cellular, Molecular, and Developmental Biology Evolutionary
Biology and Ecology
Chemical Biology Interdisciplinary Program
Institute of Molecular Design and Computational Science
Texas Center for Advanced Molecular Computation
Pharmacy
B.S. in Biotechnology
Master’s degree program in Biotechnology with
specializations in molecular biotechnology, bioinformatics,
and biotechnology marketing and management
Private nonprofit research in sustainability, environment,
toxicogenomics, and risk assessment of nanotechnology

Cancer cell biology and cell signaling and regulation
Infectious diseases, computational biology, and drug design
Bioinformatics, genomics, and proteomics
DNA replication, repair, and mutagenesis
Hormone action, gene regulation, wound healing, and
apoptosis
Aging, oxidative stress, and toxicology
Macromolecular structure, function, and assembly
Western Regional Center for Biodefense and Emerging
Infectious Diseases/Galveston National Laboratory
WHO Collaboration Center for Tropical Diseases
AIDS Clinical Trials Unit
Sealy Center for Molecular Sciences and Vaccine
Development
National Heart, Lung, and Blood Institute
Proteomic Center
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Provider

Course of study/Program

Continued on next page…
 Cancer Metastasis Research Center
 Center for Cancer Immunology Research
 Robert C. Kleberg, Jr. and Helen C. Kleberg Center for
Molecular Markers
 GMP facility for Stem Cell and Immunotherapy
 Proton Therapy Center
 Center for Advanced Biomedical Imaging Research
 Center for Targeted Therapy
NASA /member institutions
 The National Space Biomedical Research Institute
University of Texas Health Sciences
 Imaging Core Lab
Center
 Chemical Immunology and Therapeutics Research Center
 The Center for Membrane Biology
 Structural Biology Research Center
 Houston Human Genetics Center
 Brown Foundation Institute of Molecular Medicine for the
Prevention of Human Diseases (IMM)
Rice University
 Institute of Biosciences and Bioengineering
 Education and Research Training [IGERT] Program in
Cellular Engineering
 Bioengineering Research Partnership
 Nanophotonics Training Program
 Environmental & Energy Systems Institute, Shell Center for
Sustainability
Texas A&M
 Institute of Biosciences and Technology
 Professional Program in Biotechnology (PPiB)
 Master of Biotechnology Professional Degree (MBIOT)
 Center for Cancer Biology & Nutrition
 Margaret M. Alkek Center for Environmental and Genetic
Medicine
 Center for Health, Nutrition, and Food Genomics
 National Center for Animal and Zoonoic Disease Defense
 Center for Study of Cell Surfaces
 Center for ExtraCellular Matrix biology
 Center for Genome Research
 Center for Molecular Development and Disease
 Institute for Plant Genomics and Biotechnology
 Laboratory for Applied Biotelemetry & Biotechnology
 Food Protein R&D Center: Biodiesel and industrial
applications of vegetable oils
Texas Women’s University
 Bacteriology, biology, botany, science, and zoology
Texas Southern University
 Master ‘s and Ph.D in Pharmaceutical Sciences
 Bachelor of Science in Clinical Laboratory Science
DeVry University
 Biomedical engineering
 Biomedical informatics
Community Colleges with 2 year or
 Galveston Community College
special certifications in Biotechnology
 Montgomery/North Harris County Community College
 Houston Community College
 San Jacinto Community college
(Sources: BioHouston, 2005; general internet search)
M.D. Anderson Cancer Center

The Center for Clinical and Translational Sciences
The newest addition to the region’s biotechnology research infrastructure is the Center for
Clinical and Translational Sciences, which is a collaboration between the University of Texas
Health Science Center, the University of Texas M.D. Anderson Cancer Center, and the
Memorial Hermann Healthcare System.
Funded with a $36 million grant from the National Institutes for Health, the Center’s mission is
to enhance clinical and translational research through the following activities:
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Develop better designs for clinical trials to ensure that patients with rare as well as
common diseases benefit from new medical therapies
•
Produce enriched environments to educate and develop the next generation of
researchers trained in the complexities of translating research discoveries into
clinical trials and ultimately into practice
•
Design new and improved clinical research informatics tools
•
Expand outreach efforts to minority and medically underserved communities
•
Assemble interdisciplinary teams that cover the complete spectrum of research—
biology, clinical medicine, dentistry, nursing, biomedical engineering, genomics,
and population sciences
•
Forge new partnerships with private and public health care organizations
(National Institutes of Health, 2006)
•

Graduate retention
A 2004 survey of graduates from the Baylor College of Medicine-University of Texas Health
Sciences Center Graduate School of Biomedical Science showed that nearly 47.8% of the 134
students who graduated between 2000-2004 left the region after graduation (Baylor College of
Medicine-University of Texas Health Sciences Center Graduate School of Biomedical Science,
2004). While a very limited piece of data, it raises the question of whether the region is able
to absorb all of the graduates who are being trained in regional biotechnology programs.
Training students from other regions is not a bad thing, and could be viewed as a contribution
to the local economy. But if regional production of biotechnology workers is exceeding local
demand, market analysis is needed to determine what types of new programs are needed for
the local labor force, versus for “imported” students.
Attracting biotechnology talent from other regions
The ease with which outside talent can be recruited to the area depends, in part, on the
perceived attractiveness of the region. Cities with vibrant city centers, arts, and music
scenes, a clean environment and strong schools are better able to attract the “young and the
restless”—young professionals between the ages of 25-34, who are disproportionately better
educated, employed in fields such as IT and biotechnology, and more likely to start new
businesses (Cortright and Coletta, 2004; Florida, 2006). Attracting this demographic has
become an important part of economic development strategies in cities such as Portland, OR;
Providence, RI; and Richmond, VA (Cortright and Coletta, 2004).
Houston does not have a particularly strong image compared to these more desirable cities.
Its image suffers from perceptions that it is polluted, sprawling, and crime-afflicted, which
could hamper not only recruitment, but the region’s ability to retain talent that is educated
here (Smith, 2006; Campbell, 2003). The affordability of housing in the region is a bright
spot, offering attractive incentives for young professionals priced out of the housing market in
more competitive biotech clusters in San Francisco, San Diego, and Seattle.

Technology transfer and commercialization
The region has an emerging network of technology transfer entities for moving biomedical
discoveries out of university labs and helping launch new start-ups (Table 24).
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Table 24. Gulf Coast technology transfer/ biotechnology support organizations

Organization

BioHouston

The BioHouston
Resource Center (BRC)

The Houston
Technology Center

Genesis Biotechnology
Park

Description
BioHouston is the main industry organization serving the biomedical industry in the Gulf
Coast area. It provides a wide range of services to the community, including publishing
a monthly newsletter, sponsoring monthly breakfast sessions and conferences, and
teaching “Biotechnology 101,” an informative introduction to the cluster open to
community members.
The BioHouston Resource Center (BRC) is a new incubator/shared lab for new
biotechnology companies that will make it easier and more affordable for start-up
companies to start producing data by providing access to wet lab bench space, shared
equipment, and the offices and tools that start-up companies need.
The Houston Technology Center is a technology accelerator for new technology startups, and it also serves as the Gulf Coast Regional Center of Innovation and
Commercialization (RCIC)
for the State’s Emerging Technologies Fund, which provides support for promising
technology and biotechnology start-up firms.
The Gulf Coast RCIC and the other seven centers are responsible for processing all
funding applications and supporting emerging technology companies in their regions.
The GBP is a collection of life science companies and researchers located in the center of
Houston. Currently, there are 16 life science companies located in the park, along with
academic and healthcare institutions including The University of Texas M. D. Anderson
Cancer Center and The Methodist Hospital.

UT Research Park

The UT Research Park offers small and start-up companies lease space with full access
to common and support facilities such as cold rooms, freezers, X-ray processing, and
laboratory washing and sterilization equipment.

The Rice Alliance for
Technology and
Entrepreneurship

The Rice Alliance supports entrepreneurs and early-stage technology ventures in
Houston and Texas through education, collaboration, and research. Since inception in
late 1999, the Rice Alliance has assisted in the launch of over 170 technology
companies that have raised more than $300 million in funding.

Bio/Medical Technology
Club of Houston

The BMTC Houston is comprised of professionals representing biotechnology and life
sciences companies, and academic and medical institutions as well as those who provide
services to or support the industry (such as law, accounting, recruiting firms, etc.). The
BMTC Houston organizes monthly breakfast meetings, which focus on issues related to
human health care: clinical research, medicines, vaccines, diagnostics, medical devices,
gene therapy, stem cell research, genomics, and proteomics. These meetings provide
networking opportunities, allowing attendees to connect with professionals in a variety
of related industries. The Club also sponsors related professional meetings and assists
in advertising events that serve our mission to foster the development and growth of
biotechnology and life science in Houston.

University technology
transfer offices

All of the major research universities and institutions conducting biotechnology research
have technology transfer offices to facilitate transfer of promising biotechnology
discoveries into the entrepreneurial community for development, as well as providing
support for scientists who seek to commercialize their inventions.

Space Alliance
Technology Outreach
Program (SATOP)

The Space Alliance Technology Outreach Program (SATOP) provides a unique and
revolutionary service to small businesses by providing them with free engineering
support from NASA/Johnson Space Center rocket scientists.
Through SATOP, Tyrell, Inc. gained access to engineering expertise from The Boeing
Company that provided a heating element design that met their requirement for
resistance to oil and acids, low power consumption and low cost to produce .This
program is administered by the Bay Area Houston Economic Partnership.

NASA/Johnson Space
Center Technology
Transfer Office

The Johnson Space Center, the lead NASA center for human exploration for more than
40 years, seeks to create partnerships and cooperative activities with business to
develop technology that helps meet NASA mission needs and contributes to commercial
competitiveness in global markets. NASA has joined with Red Planet Capital, Inc., San
Mateo, Calif., in a partnership to help the agency gain access to new and innovative
technologies through the venture capital

Greater Houston
Partnership

The Greater Houston Partnership serves the Gulf Coast business community through a
variety of networking and business development initiatives, while engaging in activities
to improve the overall environment for conducting business in the Houston area.
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Barriers to commercialization in the cluster
In 2002, it was recognized that more start-up funds were needed to fully develop the potential
of the Texas Gulf Coast biomedical cluster. Baylor College of Medicine created BCM
Technologies, Inc., a for-profit subsidiary of Baylor College of Medicine to address
commercialization challenges:
Houston has trouble commercializing its research, says Stephen Banks, president of BCM
Technologies Inc., the for-profit venture subsidiary of the Baylor College of Medicine, because
although the region receives bounteous government funding for academic pursuits, the private
dollars needed to grow companies are in short supply.
The investment community in Houston has historically focused on energy, real estate, and
information technologies. Of the top twenty firms that invest heavily in the life sciences, only
one firm is located in Texas—but Essex Woodlands Health Ventures has historically invested in
health care service technologies. Unlike the East and West Coast biotechnology centers, the
Houston area also lacks a large installed base of pharmaceutical and large biotechnology
companies, which other regions can tap for management experienced in medical markets (BCM
Technologies, 2002).

A 2003 study of barriers to commercialization of regional science discoveries identified several
challenges, including the following:
1. Lack of seed stage funding and access to venture capital firms—most start-ups have to
go to California or Boston to find VC firms.
2. Difficulties recruiting science management to Houston.
3. Lack of critical mass of science businesses in Houston.
4. Lack of integration between technology transfer offices and venture communities.
5. Lack of support in forming and launching businesses. MIT and Stanford have strong
relationships with the venture capital community.
6. Perception of Houston as hot, humid, and polluted, which makes it difficult to recruit
from other clusters.
7. Houston researchers, students, and postdocs leaving after completion of studies.
8. Conflicting goals among researchers, institutional goals, and commercial goals.
9. Institutions putting up too many barriers to commercialization.
(Campbell, 2003)

Industry representatives often comment on the need for increased venture capital in the
region, proposing that lack of funds pushes scientists and business developers outside the
region, which then accelerates the departure of start-up firms. One of the few venture capital
funds in the region, Cogene Biotech Ventures, announced in 2006 that it would be closing,
leaving a large gap in the local VC pool (Azevedo, 2006).
In response to the need for more start-up funding, the Governor’s office created the Texas
Emerging Technology Fund to promote research and development in the state. In the most
recent 2006 grant period, the fund received 56 applications requesting over $111 million in
funding for life sciences projects. Only five were funded (Brune, 2006).

Leakage of start-up firms from the region through acquisitions
On November 9, 2006, Genetech of San Diego announced that it will acquire Tanox, one of the
Gulf Coast region’s core biotechnology anchor firms (Brune, 2006). Although it is not yet
known how the acquisition will affect the 150 jobs at Tanox, the move is consistent with
business models where smaller biotechnology innovators are eventually acquired by larger
biopharmaceuticals firms engaged in building their product pipelines.
This business model could hurt or help the region’s long-term biotechnology employment
growth prospects, depending on your perspective. If many small innovator firms leave before
commercializing, the region could continue to see slow job growth and will never develop the
downstream production sectors of the market. However, Alfred “Buz” Brown, president of

The Center for Life Sciences Technology, University of Houston

61

The Texas Gulf Coast Biocluster: Workforce Development and Educational Challenges

BCM Technologies, Baylor’s technology transfer corporation, pointed out a potential silver
lining to the loss of start-ups:
Not every company we start here is going to stay here. What’s important is what happens over
the long run: Do we have a net increase in companies and a net increase in entrepreneurial and
management talent that’s available for the next company? That’s very, very likely to occur from
Genentech’s acquisition of Tanox (Brune, 2006 a, D7).

Brown described how the mid-1980s sale of Hybritech, the founding firm of San Diego’s
biotech cluster, created “a management pool that went on to start successive companies,”
resulting in high growth within the cluster (ibid).
At least twenty-four biotechnology firms were identified in this study as having relocated from
the Gulf Coast to another region in the past decade, primarily through acquisitions. The firms
and their new locations are shown in Table 25.
Table 25. Gulf Coast biosciences firms that have left

Company name

Spunoff
from

Date

Acquired by, merged
with

New location
(HQ)

1.

American Biomed

NY

2.

Amnion

3.

Aronex pharmaceuticals

2003

Antigenics

New York

4.

Applied MEMS

2004

Colibris

Switzerland

5.

Bacterial Barcodes

2004

Spectral Genomics

Athens, GA

6.

Bertek Pharm.

7.

BioCyte Therapeutics

8.
9.

BCM

2005

Acquired by Gambro
BCT

Sweden

1993

Mylan

PA

2004

PharmaStem

Larchmont, NY

BioQuest Inc.

2000

BioKeys Pharm.

San Diego

Ceros Pharmaceuticals

2004

Auxeris Therapeutics

St. Louis, MO

10.

Chrysalis

1998

Orthologic

Tempe, AZ

11.

Diagnostic Systems
Laboratories Corporation
(DSL)

2005

Beckman Coulter

Fullerton, CA

12.

EnVivo

Auxeris Therapeutics

Watertown,
MA

13.

Gamma Biologicals

MDA

1998

Immucor

Norcross, GA

14.

Genemedicine, Inc.

1998

Megabios Corp.

Burlingame,
CA

15.

Houston Biotechnology, Inc.

1997

Medarex Inc

NJ

16.

LifeCell Corporation

Relocated

Branchburg,
NJ

17.

Meretek

Partership with
Otsuka
Pharmaceuticals of
Japan

Colorado

18.

NeoSurg Technologies, Inc.

2005

Acquired by CSI

CT

20.

RGene Therapeutics

1996

Targeted Genetics

Seattle, WA

21.

Sapphire Therapeutics
Formerly Rejuvenon

BCM

2004

22.

Signase

MDA

2005

Systems Medicine
Inc.

Arizona

23.

Tympany Inc.

HTC

2005

Sonic Innovations

Utah

24.

Xeotron

HTC

2001

Invitrogen

Carlsbad, CA

BCM

2002
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IV. Findings: Workforce and education issues in the Gulf Coast biosciences cluster
Interview results
This final section summarizes themes from the interviews with Houston biotechnology cluster
stakeholders, synthesizes these themes with findings from the literature review and baseline
data, and then presents conclusions and recommendations.
Interviews were conducted with a total of twenty-three biotechnology cluster stakeholders,
including company executives, educators responsible for biotechnology curriculum, and
workforce development officials. Employers were interviewed in one panel discussion, while
other interviews were conducted either in person or by phone. Interviews were also
conducted with a workforce development professional from the Bay Area biocluster, and a
curriculum developer from Seattle to get perspectives from more mature clusters.
More interviews were originally planned, but attempts to arrange interviews with employers
met considerable resistance. Phone calls and e-mails went unanswered, and in some cases,
requests for interviews were met with blunt responses:

[The Biotechnology employers] are asking me to keep you guys [the educational community] away
from them. There are too many of you hitting them up with surveys and requests for data. They
don’t want to be contacted by so many of you.
- Cluster intermediary
I was just at a meeting with a lot of institutional and industry folks. [The volume of requests for
information for cluster activities] was the topic d’ jour.
- Educational administrator, medical school

Employers are experiencing “cluster fatigue” from too many requests for information
Initiatives such as the “high growth” jobs and cluster initiatives signal to the educational
community that there are unmet training needs that need to be addressed. If, in fact, this is
not the case, the initiatives trigger unneeded and unwelcome intrusions into the very
businesses they are designed to help.
Educator requests for labor market, occupational, and skills needs data from employers are
viewed as increasingly burdensome and unwelcome. Employers who finally agreed to be
interviewed for this study do not view workforce development as their most pressing priority.
Workforce development professionals with biotechnology sector experience felt it a mistake for
educators to initiate biotechnology needs assessments before the labor market reaches a
critical mass of demand, and in the absence of expressions of interest in such activities from
employers.
We don’t mind being asked for information; it’s being asked over and over for the same information
from all the colleges and schools. You need to do it just one time. But I don’t think there is a need
to increase the number of workers at this time.
– Corporate HR Executive

We don’t normally involve the educational community until there is a real need for them to be
involved.
– Workforce development professional

Let them know you are there and how you can help them. Beyond that, just leave them alone.
– Workforce/Economic development professional

They don’t have time to go to all these meetings.
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Employers perceive biotechnology workforce development efforts to be misguided
Employers and workforce development personnel pointed out that the biotechnology sector is
a small employer in the region, and employers are not reporting problems finding qualified
hires. Existing biotechnology education programs were deemed sufficient to meet local hiring
needs.

I have a concern with all these workforce initiatives. Lots of people are building a house but there
won’t be anyone to live in it. We shouldn’t be building infrastructure if it’s not useful. The funds
should be directed elsewhere where they’ll make more of a difference. I question if it makes sense.
Until we get more venture capital, growth will remain about the same. People will start out here,
then have to move to the coasts for capital.
We have one of the finest medical communities in the country; we have a new half million dollar
grant for the Texas Institute for Genomic Medicine. It’s a good start. It allows us to find things
(make discoveries), but not grow here. But as far as the workforce goes, it doesn’t make sense to
spend time building this unneeded infrastructure for the workforce.
– Biotech HR Executive

Houston is a great place for diverse workforce, a great location for travel—you can get to either coast
in a short period of time. But I don’t think there is a crying need for trained people. Do we want to
train people only to see them leave?
- Biotechnology executive

Speculative training for jobs that don’t exist yet is a waste of money.
- Workforce development professional

(Biotech employment) probably won’t grow rapidly here—manufacturing will go overseas. They’ll
want the capital and the research here. But it’s cheaper to make it over there.
– Workforce development professional

Employers rank other issues as far more critical than workforce training and development
Employers felt that future cluster growth will depend on getting adequate venture capital in
the region, developing an entrepreneurial mindset in the research community, encouraging a
start-up culture with local role models and mentors, and improving incentives for technology
transfer.
Where are the investors in this region? You have to go to Silicon Valley, Boston, and Minneapolis to
be around the funders. Houston is way down the list. If you have to go to other cities for funding,
the conditions for workers are less attractive—higher wages, higher housing costs. Until more
venture investment comes here to Houston, employment levels will probably remain about the same.
Until they do, you won’t have many jobs. What will happen is more folks will start a company, build
it to a certain level, and then they’ll move because there is no funding.
– CEO

Until we get more venture capital, growth will remain about the same. People will start out here,
then have to move to the coasts for capital.
- Biotechnology HR Director
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The researchers at the medical center don’t start companies. On the coasts, you’ll know lots of
people who’ve made that transition from the research lab into a start-up. We need to get a start-up
mentality here to develop the critical mass of start-ups. Without that critical mass, talented people
won’t come here, or won’t stay. All of the cluster initiatives won’t work unless you have a critical
mass of start-ups. We need to create more support for them.
- Biotechnology researcher

There are some other underlying issues. Along the coasts, the people’s skill sets and personalities
better match the jobs. They are more flexible about getting their skills updated, take the initiative to
keep their skills updated. You also have mentoring. If you want to create a start-up in Silicon
Valley, you are surrounded by other people who have done it before—there are all kinds of
networking groups for start-up CEOs, CFOs, etc. So if you develop a product, there are many
resources for training and advice.
– Research scientist

Even for small companies, venture capitalists are now asking “What’s your exit strategy?” They will
sell outside of Houston, and then the people will leave. Until you get a critical mass of start-ups, this
will just continue.
- Private institution researcher

We talk a lot about the Medical Center in Houston, the good work that they do, but they aren’t
entrepreneurs. The problem is that now we’re told that UT will work with us in entrepreneurial
areas; they will help us with research support, etc. But they want 50% equity. Whereas Purdue
University offers an incubator, GMP/GLP compliant labs, all kinds of university services to start-ups.
Purdue actually subsidizes the startups to encourage them to stay!
They start companies there, not just to sell the IP to someone else, but to commercialize it there as
well. That have 40,000 students and are actively working to keep innovation there. They use a lot of
graduate students and Post-Doc students to help the business start-ups.
Why did UT come into the UT Arlington incubator and force it to move off campus? You couldn’t use
their lab equipment. If they stayed, the start-ups had to give up 50% equity. What happened to
research grants? You could be doing a lot of new stuff with facilities such as the Texas Heart
Institute.
- Biotechnology researcher/executive

Educators need input from practitioners to maintain relevant biotechnology and science curriculum
regardless of labor market demand
Regardless of whether demand is high or low, science discoveries drive the need for continuing
updating and revision of science education at all levels to ensure that students have the skills
needed to move into future biotechnology training programs and jobs. Educators need input
from practitioners in the field to ensure the currency and relevance of curriculum.
They put it all on education’s back without enough support—that’s why all these bad courses come
out. They say we don’t have the trained technicians…. I’m the one who must say to the students,
“This is why we’re doing this—to make you marketable.” It’s my credibility on the line. If my course
is based on inaccurate data, then I may mislead them. This information must come out very fast.
The students must be top priority.
– University science program director

I need to know what types of activities the employees are engaged in. What types of research are
they working on? Are they into gene therapy? Are they using mammalian cells, fungal cells, or
bacterial cells? That makes a big difference in what you teach—they are very different.
Also, what types of jobs they have, what occupational specialties, numbers, projections. I am
expected to develop “demand-driven” curriculum. But we need help to get updated on the numbers,
activities in industry. How do I do that? Two-year-old data does not help. If you can say, “We
predict that in the next two years, this technology will be widely used, these are the people we will
need…,” you must collaborate with the universities and colleges to develop demand-driven
curriculum.
– University science program director
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One educator pointed out that even employers in new and emerging fields may not be able to
provide the information educators are looking for.

The level of involvement from industry is simply the be-all, end-all because community colleges can't
launch programs that don't pay. At this early stage of maturation (unless you are in MA, CA, or NC)
biotech is composed of a few big players and a mass of start-ups. People in start ups do not have
the time, resources, and available attention to contribute to the community college program building
process, nor can they accurately categorize or forecast near- and mid-term workforce needs.
- Bioinformatics program director, community college
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Summary of Findings
Baseline Findings
1. Biotech is a presence in the Gulf Coast economy, but it is not a significant driver of new
employment growth.
a.

There are approximately 120 core biotechnology and medical devices firms,
ten research universities and medical schools and various research institutions
in the Texas Gulf Coast region employing an estimated 5,000-7,000 workers.
Biotechnology occupations include basic and applied research, clinical trials,
development and commercialization of biotechnology and medical devices
innovations and services.

b.

Research and development is the main driver of biotechnology employment in
the Texas Gulf Coast region. Future employment growth from
commercialization activity is uncertain due to business models that encourage
migration of later commercialization stages to firms in more mature
biotechnology clusters, generally out of state.

c.

Firms that produce supplies and inputs to other biotechnology firms in the
region may have somewhat better potential for jobs creation because they can
serve both local and export markets.

d.

A significant number of new firms created in the region leave the region
through mergers and acquisitions.

e.

Online biotech job listings were tracked for six months and found to be
primarily focused on recruiting scientific research, business development and
clinical trials professionals. Relatively few listings were seen for positions
suited to new graduates or workers without professional degrees.

f.

Hiring for biotechnology jobs in the immediate future will most likely come
from students in existing biotechnology graduate programs and from
recruitment of highly educated and experienced biotechnology professionals
and executive management talent from more mature biotechnology clusters.

2. The region’s educational institutions have been highly responsive to the needs of the
biotechnology industry:
a.

Community colleges have customized education and training to meet the need
for trained technicians for the area’s largest employers.

b.

Graduate educational institutions have created over one hundred research and
education programs offering professional level education in a wide range of
biotechnology specializations.

c.

The region may be educating more biotechnology professionals than the local
labor market can absorb.

Interview findings
1. Regional biotechnology employers do not perceive a need for biotechnology workforce
development efforts at this time. They place higher priority on increasing venture
capital and improving the entrepreneurial activity in the region.
2. Employers are experiencing “cluster fatigue” from too many requests for information
from educators and workforce development agencies seeking to support the
biotechnology industry. Funding for cluster development may be driving some of this
overload. New approaches are needed to provide the public sector with information on
new and emerging industry needs while reducing burdens on employers.
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3. Technology transfer incentives should be examined to identify disconnects between the
institutions and innovating researchers. Purdue University’s technology transfer
practices were mentioned as an example of how technology transfer could better
support regional commercialization and development.
4. Science educators need industry input to maintain relevant and current science
curriculum, regardless of the size of the labor market.

Discussion
Initiatives such as the President’s High Growth Jobs Initiative and the State’s Industrial
Clusters Initiative are driving perceptions that new fields such as biotechnology are high
growth fields, requiring new educational programs to fill the labor pipeline. While new fields
do drive job growth, they generally do so only incrementally, starting with the most skilled
and highly specialized niche occupations.
Cluster growth stimulates several niche “markets” for training and education programs.

Education programs for emerging biotechnology occupations tend to emerge from
institutions close to where the research is being performed, often serving very
small occupational niches. This pattern can be seen in the variety of educational
programming being offered by Texas Medical Center institutions.


Workforce development is generally only needed in clusters with large numbers of
production workers such as biopharmaceuticals manufacturing. While the Texas
Gulf Coast region currently does not have much biotechnology production
employment, workforce development personnel continue to monitor biotechnology
and other emerging sectors to provide support when needed.



At the K-16 levels, new discoveries in biotechnology require continuous updating
of science curricula to ensure that students have the foundations to enter
advanced graduate education programs typically required for biotechnology
careers. K-16 science educators require ongoing input from the biotechnology
sector to ensure that educational curricula accurately reflect the state of the
science. The number of educators needing this input exceeds the number of
biotechnology practitioners who have the time to provide it.

New approaches are needed for ensuring that science education receives the input needed to
remain relevant, and for tracking shifts in industry demand that would indicate need for
workforce development activities.

Strategies for addressing information needs of the educational sector
Better integrate the educational community into cluster activity
The Gulf Coast biosciences cluster is a tightly networked group of firms, institutions, and
individuals working together to help build the industry. While specialized educational
institutions and programs are a part of that network, more could be done to bring the general
science education community into the cluster.
A good starting point would be the formation of a regional council of biotechnology educators
to collaborate on shared needs and program planning to reduce overlapping initiatives and
requests. The biotechnology community could also sponsor a more inclusive industryeducation council for disseminating industry, science, and labor market information to the
educational community.
Mature clusters such as the Bay Area biotechnology cluster and North Carolina’s Bionetwork
recognized early the importance of coordinating biotechnology education activities to reduce
overlaps, unnecessary duplication, and overbuilding of educational capacity. North Carolina’s
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Bionetwork Program has created six niche-oriented biotech centers that address different
biotechnology specializations, while sharing common facilities (Regional Technology
Strategies, 2005). Such a collaborative approach might be considered as a way to reduce
duplication in data gathering and needs assessment activities.

Strategies for reducing the burden of cluster data collection and dissemination
Annual employer survey
Employers suggested that educators could reduce multiple data requests by developing a
single industry survey. Educators would work with professional survey developers to identify
common information needs, and a single source would administer the survey, conduct
analysis, and distribute the findings to the stakeholders, thereby reducing duplicating
information requests from each individual educator.
Employer-educator roundtables
After 9/11, the workforce development and educational infrastructure in New York City was
badly fragmented and had to be rapidly reinvented to meet the pressing needs of persons who
needed to find new jobs. With educational, workforce, and economic development agencies all
needing similar data and input, regular employer roundtables were initiated where employers
met with representatives from the public sector in large groups to communicate their needs
and offerings instead of fielding separate and duplicating requests (New York City Employment
and Training Coalition website).
In a similar vein, NOVA CONNECT, a thirty-member workforce and economic development
consortium in the Silicon Valley area sponsors two or three forums each year at which specific
industries present industry overviews, trends and labor market forecasts, and career
information to educators and workforce developers. Presentations cover current and future
labor needs, typical job titles and their responsibilities, skills and education required or
desirable, where job growth is or will be, and preferred qualifications. Results from these
presentations are captured and aggregated into a comprehensive regional career information
system available online that is far more current and reliable than typical statistical reports
from the government (NOVA CONNECT website).
Third party intermediaries
Vitesse is a private company that works with the Canadian biotechnology industry as a thirdparty intermediary to identify training and other needs that are most economically addressed
by a single entity rather than by multiple and competing entities. The firm continuously scans
for new biotechnology trends, and develops just-in-time industry training, making it available
to member firms and institutions.
Each course is tailored to the needs of a specific company, but generic versions of courses are
created and added to a library of common training available to all members. Vitesse also
serves as a liaison between industry and the academic community, helping university partners
upgrade their curriculum every one to three years to keep up with industry trends identified
through industry training development. Vitesse also offers “bridge training” for professionals
making transitions into new and emerging fields from related fields (Vitesse).
Leverage existing data more effectively
While accurate industry and occupational data has been shown to be a challenge in emerging
fields, even when it is weak, it is still better than no data. Feedback from employers and
review of existing reports on biotechnology clusters in Texas conducted during this study
suggest that existing labor market information sources are not used as effectively as they
could be, leading to unnecessary requests for information from employers. The following
information resources were found very helpful for cluster analysis.
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State and regional labor market information resources
The Texas Workforce Commission (TWC) and The WorkSource, the Gulf Coast’s regional
workforce board, offer an extensive range of statistical data, tools, and deep expertise in
labor market analysis that can guide and inform good practice in cluster development.
Cluster officials and academic researchers interested in labor market and cluster issues are
encouraged to review relevant research published by state and regional labor market
experts, and to take advantage of their consulting capabilities.
Job ad scans
Job ad scans were found in this study to be a low-cost, low-burden way of gathering realtime market demand data on occupational job titles, skills, and hiring requirements.
The University of Houston’s Center for Life Sciences Technology (CLiST) is exploring
automated job ad tracking, using technology to harvest biotechnology job listings from
multiple job boards for analysis. A prototype application is under development and can be
viewed at http://texasbiotech.org/web/guest/career/gulfcoast. Inquiries about the
research should be directed to Dr. William Kudrle at 713-743-3445.

Existing skills standards, DACUMS, and curriculum
Skills standards are detailed specifications of the knowledge, skills, and abilities required
for workers to succeed in a particular industry. DACUMs are curriculum maps developed
from skills standards used to create instruction. The process for conducting skills
standards and DACUMs is complex and requires extensive commitment from industry
members, which may not be feasible in emerging labor markets.
Creating skills standards and DACUMS is challenging in emerging fields because knowledge,
skills and labor demand all evolve rapidly, new fields are more cross-disciplinary than
traditional academic disciplines, and there is no large level of labor demand for the trainees
of such programs.
A number of Skills Standards and DACUMS have been created in more mature
biotechnology clusters that could be leveraged in emerging labor markets (Table 26).
While they would need to be validated for specific firms or specializations, having a starting
model reduces demands on employers in early stages of curriculum development.
Table 26. Existing biotechnology skills standards and DACUMS
Shoreline Community College, Seattle, WA
Biotechnology/biomedical skills standards for research, development and
manufacturing, regulatory affairs, and clinical trials
http://www.tssb.org/wwwpages/pdfiles/BiotechnologySkillStandards.pdf
Bellevue Community College Life Sciences Informatics Center of Expertise
Life sciences informatics skills standards, bioinformatics curriculum e-map, and
clinical trials data management curriculum.
http://www.bcc.ctc.edu/informatics/convergence.htm
Biotechnology Massachusetts Department of Education .
Vocational/Technical Education Framework for manufacturing, engineering and
technology cluster
http://www.mccte.org/docs/Biotechnology_March06.pdf
Career OneStop Competency models.
Online links to 22 biotechnology competency models
http://www.careeronestop.org/competencymodel/search.aspx
Agricultural Biotechnology Skills Standards Education Development Center, Inc.
and FFA Foundation
Combined Academic Knowledge Technical Skills, and Employability Skills from
Bioscience and http://www.bio-link.org/EDCskills.htm
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Austin BioLink
Austin Biotechnology Competency Analysis Profile http://www.biolink.org/docs/finalreport.doc
The North Carolina Biotechnology Center
Window on the Workplace Report (2003) A Training Needs Assessment for the
Biomanufacturing Workforce
http://www.ncbiotech.org/services_and_programs/workforce_development/Golde
nleafrpt.pdf
Northeast Biomanufacturing Center and Collaborative
http://www.biomanufacturing.org/doc/SkillStandardsMerged090605.doc
Biomanufacturing Skills Standards/DACUMS
http://www.biomanufacturing.org/doc/SkillStandardsMerged090605.doc
Center for Science Education, Educational Development Center, Inc.
Biomanufacturing Skills Standards
Chemistry QC technician
Environmental health and safety technician
Facilities technician
Instrumentation/Calibration technician
Manufacturing technician (downstream)
Manufacturing technician (upstream)
Microbiology QC technician
Process development associate
QA documentation coordinator
Validation specialist
Miramar College, San Diego Community College District
In-vitro Laboratory assistant skills standards
http://www.miramar.sdccd.cc.ca.us/programs/biol/biotech/pdfs/DACUM%20Rese
arch%20Assistant%20Chart.pdf
California Biotechnology Skills Assessment Study by Koehler and Koehler-Jones
(2006)
http://www.cccbiotech.org/pdf/trainingneeds21stcentury.pdf
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Recommendations
Improve cooperation between the educational sector and employers to ensure that training needs are
met, while reducing burdens on employers
1. Create an industry-sponsored training and education board to develop an appropriate
infrastructure for identifying and meeting training and educational needs in the region’s
biotechnology cluster.
2. Form a regional council of biotechnology educators to collaborate on biotechnology
educational activities, including needs assessment and program planning to reduce
overlaps and burdens on industry.
3. Devise low-burden approaches for gathering and disseminating accurate labor market,
employment, occupational skills, and educational and training data to the educational
community.
4. Jointly explore the implications of education and training for small, specialized niche
occupations typical of emerging industries.

Explore other strategies for promoting growth of the Gulf Coast biosciences cluster
1.
2.
3.
4.
5.
6.
7.
8.

Continue to expand funding for biotechnology R&D.
Improve venture capital funding.
Explore technology transfer practices that support local business growth.
Promote development of biotechnology industry subsectors and niches that will remain
in the region to help build employment.
Analyze whether the “leakage” of start-up firms through outlicensing and acquisitions
should be addressed as a regional “issue.”
Recruit more star researchers to start cutting-edge research labs in the region.
Focus recruiting efforts on companies whose business models include local job creation
and not just outsourced job creation.
Explore the potential of industrial biotechnology R&D as a future growth sector for the
Gulf Coast region.

Improve effectiveness of public sector participation in cluster activities
The Governor’s cluster initiative will continue to stimulate new cluster activity in biotechnology
and the other targeted industries throughout the state. Cluster initiative participants need a
shared understanding of how cluster development works, and of the potential challenges and
pitfalls of cluster development such as those identified in this study.
State cluster initiative efforts should provide training and/or information for new cluster
participants in the following areas:
1. Goals and objectives of cluster development from both private and public sector
perspectives.
2. Principles of economic development, educational development and cluster
development.
3. Public versus private sector roles.
4. Methods, tools, and approaches to cluster development for various stakeholder groups.
5. Risks and pitfalls, including “supply-side” interventions that arbitrarily increase the
supply of labor, education, or other factors.
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Appendix
Cluster map development approach
The biotechnology cluster map in this report sought to identify all of
the biotechnology employers in the Texas Gulf Coast region, key
subsectors, and their employment levels to create baseline data for
industry tracking.
1.

2.

3.

Data on biotech companies was collected initially from
BioHouston directory, Dunn & Bradstreet, listings of
presenters at Rice Technology Alliance, lists of current and
former companies at the Houston Technology Center, and
general web search.
Each company was subjected to web search to see if the
company is currently operational, to identify primary
processes and activities, and to locate estimated
employment levels.
Attempts were made to locate employment counts for all of
the firms, using company summaries on stock analysis sites,
State of Texas Business Directory, the Houston Book of Lists
for 2005 and 2006, and a search of recent news articles on
companies.
About 40 firms had no published employment estimates so
an arbitrary count of ten employees was assumed for firms
where no data was available, for a total “guestimate” of 400
employees for the 40 firms with no published employee
counts.

4.

Firms were classified into groups that roughly corresponded
to biotechnology processes specified in the OECD definition
of biotechnology (inset box). Industrial, environmental and
nanotechnology firms were also included if they involved
manipulation of biological cells or subcellular entities.

5.

These categories were then collapsed and recombined into
the final categories seen in the Biotechnology Cluster Map
(Table 27).

6.

Excluded from the core companies were
o
Companies not located in the Gulf Coast region, unless
they had significant permanent employment here.
o
Consulting firms for whom biotech is a sideline, or which
do not have long-term biotech employment in the
region.
o
Sales, consulting, and staffing firms, unless they play a
predominant role in the region’s industry.
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Core Biotechnologies

DNA technologies
 Genomics
 Pharmacogenetics
 Gene probes
 DNA sequencing/synthesis/
amplification

 Genetic engineering
Protein and molecular
technologies
 Protein/peptide
sequencing/synthesis

 Lipid/protein





glycoengineering
Proteomics
Hormones
Growth factors
Cell receptors/signaling/
pheromones

Subcellular organism research
 Gene therapy
 Viral vectors
Cell and tissue culture and
engineering
 Cell/tissue culture
 Tissue engineering
 Hybridization
 Cellular fusion
 Vaccine/immune stimulants
 Embryo manipulation
Other biotechnology areas
 Bioinformatics
 Nanobiotechnologies
 Advanced materials
Process biotechnologies
Bioreactors
 Fermentation
 Bioprocessing
 Bioleaching
 Biopulping
 Biobleaching
 Biodesulphurization
 Bioremediation
 Biofiltration
(OECD, 2005)
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Cluster map categorization scheme
Sector

Description
Substances and products for performing
biotechnology work such as reagents, molecular
products, oligonucleotides, microfluidic arrays,
antisera, liposomes, and microbes

Biotechnology inputs,
specialized services—
diagnostics, analytics,
processing

Diagnostics, testing, and analytical services.

 Activity performing experiments and interpreting
analytical data about drugs, drug systems, or
specialized services for other biotechnology
companies such as gene sequencing, etc.
 Research, development, and manufacture of
drugs, substances, or devices that diagnose
disease
Cellular therapies, tissue engineering products and
services

Biopharmaceuticals,
therapeutics research,
tissue, cell engineering

Cells, cell components, sera, Cll products
(unmodified proteins), antibdoeis, enzymes, cell
culture, DNA, RNA, plasmids, tissue culture, organ
replacement, grants, stem cells, human tissue, or
organ banks.

Med Devices, materials,
tools, technologies

Drug delivery systems, biotechnology analytical, lab
or production equipment, analytical equipment, and
standard med equip categories (see medical
equipment section in Section 2 for more details).

Pharm Prep/mfrg

General manufacturing of pharmaceuticals,
vitamins, compounds, preparations.

Industrial
biotechnology

Applications of cellular and subscellular biology
inputs for bioenergy, biofuels, biomaterials, as well
as development of nanotechnology, and special
materials for medical applications

Job ad scanning method
Because requests for biotechnology labor demand information may create unwelcome
burdens, particularly on small firms, labor market analysts, curriculum developers and others
need nonintrusive methods for tracking labor and skills demand in emerging fields. This study
explored use of online job ad scanning as a solution to this need.
Approach

Initially, online biotechnology job ads were reviewed weekly for a six-month period using
Monster.Com, CareerBuilder.Com, Indeed.Com, SimplyHired.com, Biocareers.com, as well as
the company websites of major employers in the area. Over time, the search was limited to
careerbuilder.com, which seemed to cover most of the jobs on the other job boards, and to
period searches of large employer websites and to Careerbuilder.Com.
Results

Approximately 90 listings were harvested over a six-month period. After removing duplicates,
frequently repeating ads and nonbiotechnology job ads, about 48 unique job ads remained.
Jobs were primarily for highly experienced business directors, Ph.D. scientists, and some
clinical trials personnel, consistent with the Battelle Institution’s assessment of Houston as
predominantly an R&D cluster. There were few job listings related to biomanufacturing
activity and few entry level ads.
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This could suggest a lack of entry level jobs or that other means are used for entry-level
recruiting. Some of the area’s largest employers work directly with specific community
colleges that train the entry level workers to company specifications for direct hiring. This
could eliminate the need for posting online ads for lower-skilled occupations.

Strengths and limitations of job ad scanning

Job ad scanning has some obvious limitations. It is time-consuming, and it is difficult to
decide which types of listings to include as “biotechnology” or other. Not all job postings are
real job openings, and it was difficult to sort out the duplicates and “come-on” ads from actual
openings.
Institutional employment websites provided the most comprehensive information, particularly
wage and salary information. However, it was not within the scope of this study to track all of
the biotechnology websites in the region, and, in many cases, biotechnology jobs were not
distinguishable from medical and related jobs.
Despite these limitations, job ad scanning was very useful for tracking job titles, job
responsibilities, hiring criteria and desired qualifications. Job requirements can be
inconsistent, particularly in the business development roles in which prior experience seemed
more important than formal credentials.
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