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Executive Summary

Introduction

The purpose of the current research was to investigate the impact of green economy
activities and technologies on occupational requirements in an effort to determine their
impact on current O*NET®-SOC occupations and to identify new and emerging (N&E)
occupations that may be considered for inclusion in the O*NET-SOC system. Toward
this end, over 60 publications on various workplace topics relevant to the green
economy were collected and reviewed. These publications included established
academic journals, commissioned reports, industry white papers, and governmental
technical reports. Additionally, numerous internet sources on the world of work were
reviewed.

This report is organized in three sections. Section | describes the occupational
implications of the green economy and its associated activities and technologies.
Section Il focuses on important occupational staffing implications within different sectors
of the green economy. Section Ill describes the methodology and results of this
research, including identification of current O*NET-SOC occupations impacted by the
green economy and specific green economy N&E occupational candidates.

Occupational Implications of the Green Economy

The term “green,” prevalent in our current national dialogue, is widely applied to a
substantial variety of products, services, and even lifestyle or consumer choices.
However, many of these applications are either not relevant or practical for occupational
analysis or workforce development efforts. Moreover, existing definitions of “green job”
are too molecular for occupational taxonomies such as the O*NET taxonomy and
overlook the degree to which green economy activities differentially impact occupational
requirements.

To ascertain the implications of the green economy for occupations, an important initial
priority was to define the green economy.

The green economy encompasses the economic activity related to reducing the use
of fossil fuels, decreasing pollution and greenhouse gas emissions, increasing the
efficiency of energy usage, rec1ycling materials, and developing and adopting
renewable sources of energy. %>

It was also important to establish conceptual and definitional boundaries for “green
employment” or work in so-called “green jobs.” The appropriate level of analysis for the
current research was at the occupational level. In this report occupations are viewed as
groupings of work roles that span multiple organizations but share common purposes
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and common requirements of incumbents. ° According to the U.S. Department of Labor,
an occupation is defined as follows:

Group of jobs, found at more than one establishment, in which a common set of
tasks are performed or are related in terms of similar objectives, methodologies,
materials, products, worker actions, or worker characteristics.

Green economy activities and technologies may have different effects on different
occupations. Accordingly, some experts have argued that it is essential to move beyond
simply applying a broad label such as “green.” ” Thus, a more prudent approach is to
focus on the “greening” of occupations, which is defined in this report as follows:

The “greening” of occupations refers to the extent to which green economy activities
and technologies increase the demand for existing occupations, shape the work and
worker requirements needed for occupational performance, or generate unique work
and worker requirements.

This definition lends itself to three general occupational categories, each describing the
differential consequences of green economy activities and technologies on occupational
performance.

Green Increased Demand Occupations. The impact of green economy activities and
technologies is an increase in the employment demand for an existing occupation.
However, this impact does not entail significant changes in the work and worker
requirements of the occupation. The work context may change, but the tasks
themselves do not.

Green Enhanced Skills Occupations. The impact of green economy activities and
technologies results in a significant change to the work and worker requirements of
an existing O*NET-SOC occupation. This impact may or may not result in an
increase in employment demand for the occupation. The essential purposes of the
occupation remain the same, but tasks, skills, knowledge, and external elements,
such as credentials, have been altered.

Green New and Emerging (N&E) Occupations. The impact of green economy
activities and technologies is sufficient to create the need for unique work and
worker requirements, which results in the generation of a new occupation relative to
the O*NET taxonomy. This new occupation could be entirely novel or “born” from an
existing occupation.

With definitions of green economy, occupation, and the greening of occupations
established, the next step was a finer-grained examination of the broader green
economy. After reviewing existing lists of major green economy sectors, 12 sectors
were chosen based on those areas typically discussed in the extant literature.
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Renewable Energy Generation » Transportation

Energy Efficiency Green Construction

Energy Trading Energy and Carbon Capture

» Research, Design, and Consulting Environment Protection

= Agriculture and Forestry Manufacturing

» Recycling and Waste Reduction » Governmental and Regulatory

Each of these 12 green sectors was researched to ascertain general sector activities,
recent trends, and workforce implications (see Section Il). More specifically, emphasis
was placed upon determining the levels of occupational greening within these sectors.

Green Economy Occupations and Candidate O*NET N&E Occupations

Green occupations identified in this report come from three different sources: (a)
occupations included in the 2006 O*NET-SOC taxonomy, & (b) N&E occupations
identified from research conducted on in-demand industry clusters, ° and (c) N&E
occupations identified during the current research on the greening of the world of work.

Existing O*NET-SOC occupations in the 2006 taxonomy impacted by the green
economy can be classified as “green increased demand” or “green enhanced skills”
occupations. Green increased demand occupations include existing O*NET-SOC
occupations experiencing an increase in employment demand, but not significant
changes in the work or worker requirements. Green enhanced skills occupations include
existing O*NET-SOC occupations for which the essential purpose has not changed, but
tasks, skills, knowledge, and other such elements have been altered by green economy
activities and technologies.

In relation to the O*NET system, N&E occupations, both from previous and current
research efforts, are defined as (a) occupations that involve work significantly different
from that performed by incumbents of other occupations and (b) are not adequately
reflected by the existing O*NET system. Candidate N&E occupations that do not
perform work significantly different from the work of existing O*NET occupations are not
considered N&E occupations. '°

Within the context of occupations impacted by the green economy, this definition of
N&E occupations defines “green new and emerging (N&E)” occupations. That is, N&E
“green” candidates are occupations for which the impact of green economy activities
and technologies is sufficient to create the need for unique work and worker
requirements, resulting in the generation of a new occupation.
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Through a multi-stage research and screening process (see Section Ill),

= 64 O*NET-SOC occupations were found to qualify as “green increased demand”
occupations,

= 60 O*NET-SOC occupations were found to qualify as “green enhanced skills”
occupations,

= 45 O*NET-SOC N&E occupations previously identified through research on in-
demand industry clusters were found to qualify as “green N&E” occupations, and

* 46 candidate N&E occupations in the green economy were found to qualify as
“green N&E” occupations.

These occupations are presented, by sector, in Appendices A-C of this report.
Appendices D-F provide a listing of all green O*NET-SOC occupations, organized by
occupational category (green increased demand, green enhanced skills, and green
N&E).
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SECTION I: OCCUPATIONAL IMPLICATIONS OF THE GREEN ECONOMY

Section I-1: Overview of the Green Economy

It is certainly no exaggeration to note that the label “green” has become ubiquitous.
Underlying this prevalence is a substantial body of literature focused on all things green.
This literature spans multiple disciplines (e.g., labor economics, engineering,
environmental science) and is found in a variety of outlets ranging from the popular
press to governmental reports to academic journals. The overall conclusion from this
burgeoning domain is that the “greening” of our national economy is not only currently
underway, but also that it should be met with concerted efforts to significantly increase
both intellectual and financial capital investments. Numerous arguments for such
amplified attention are frequently proffered to include issues of national security,
environmental protection, climate change, and domestic job growth.

Enabling focused investment requires systematic study to better understand and define
what it means to be “green.” The rush to jump on the “green” bandwagon has outpaced
the development of a concept of what it actually means to be green. For example,
consider the praise by the popular press of individuals “going green” by using recycled
goods and reducing consumption, or specific companies by increasing energy
efficiency, or municipalities offering grants for green residential construction projects
(e.g., fitting homes with solar panels). In other words, green activities can range from
choosing a specific brand of cleaning spray to installing a wind energy farm. To
determine the workforce ramifications of this vast array of green activities is a
substantial undertaking. The first step is to focus the scope by developing a precise and
bounded definition of what the green economy means in the context of jobs or
occupations.

A thorough understanding of any job or occupation requires an understanding of the
context in which these entities exist. One way to conceptualize the broader context of
work is through an economic lens — in the present case, what is referred to as the green
economy. Fortunately, there is a general consensus in the extant literature regarding
the scope of the green economy, which is summarized in the definition below.

The green economy encompasses the economic activity related to reducing the use
of fossil fuels, decreasing pollution and greenhouse gas emissions, increasing the
efficiency of energy usage, rec1ycling materials, and developing and adopting
renewable sources of energy. "#>*

In support of these goals is a range of activities and strategies, including retrofitting
buildings to improve energy efficiency, promoting usage of mass transit, producing
energy-efficient automobiles, increasing the use of wind or solar power, and developing
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and producing cellulosic biomass fuels. ® The significant benefits of green economy
activities are significant and described as both macroeconomic (e.g., investment in new
technolo%ies, greater productivity) and microeconomic (e.g., income growth, job
growth). ®7 For instance, analysts concluded that renewable energy and energy
efficiency technologies generated over 8 million new jobs and $970 billion in revenue in
2006 alone. ®

At the heart of green economy activities is technology. That is, technological innovations
are what drive the many activities that comprise the green economy. For example, clean
energy technologies use the sun, wind, water, and plant matter to produce electricity,
heat, and transportation fuel. ® New green technology also spans a broad range of
products, services and processes that lower performance costs, reduce or eliminate
negative ecological impact, and improve the productive and responsible use of natural
resources. '° Thus, understanding the development and application of various green
technologies can help to depict the potential workforce implications of green economy
activities.

With the broader context of the green economy now delineated, the following section
turns attention toward describing how occupations are influenced by this context. In this
section, existing definitions of green jobs are reviewed and critiqued in an effort to better
establish descriptive boundaries that are of practical use for occupational analysis.
Special emphasis is given to the technologies that facilitate or enable the green
economy activities discussed above.

Section I-2: The “Greening” of Occupations

Although there is no commonly accepted definition of “green job,” the existing literature
does offer a variety of definitions. '' Below are typical examples.

“Green jobs are jobs in the primary industries of a green economy that promote
environmental protection and energy independence.” '

[Green collar jobs are] “well-paid, career-track jobs that contribute directly to
preserving or enhancing environmental quality.” '3

“A green collar job is a paid position providing environmentally friendly products or
services.” '*

“[Jobs associated with] any activity that generates electricity using renewable or
nuclear fuels, agriculture jobs supplying corn or soy for transportation fuel,
manufacturing jobs producing goods used in renewable power generation,
equipment dealers and wholesalers specializing in renewable energy or energy-
efficiency products, construction and installation of energy and pollution

National Center for O*NET Development Page 9 of 119



management systems, government administration of environmental programs, and
supporting jobs in the engineering, legal, research and consulting fields.” ™

For occupational analysis, the definition for a green occupation must focus on what it
means to be an occupation and what effects the green economy has (or may have) on
occupations. Thus, what is needed is a data reduction approach in defining green jobs
or occupations to increase the parsimony and precision of green definitions. '° Key to
accomplishing this task is establishing clear boundary conditions and distinct levels of
specificity for any proffered definition.

Occupations are groupings of work roles that span multiple organizations but share
common purposes and common requirements of incumbents. '” More specifically, an
occupation can be viewed as a “group of jobs, found at more than one establishment, in
which a common set of tasks are performed or are related in terms of similar objectives,
methodologies, materials, products, worker actions, or worker characteristics.” *® In
addition, an occupation is an entity that exists at a level “above” individual incumbents
or positions within an organization, in part because numerous individuals and related
jobs reside within a particular occupation.

Defining occupations in this manner is important to the notion of “green jobs” in at least
two ways. First, it clearly signals the need to shift the level of specificity from “job” to
“occupation” when discussing the workforce implications of the green economy. The
current literature focuses almost exclusively on green jobs — or simply green job titles -
rather than taking a perspective more conducive to workforce development efforts: an
occupational perspective. Second, defining occupations in this way places an emphasis
on the various work and worker requirements (e.g., tasks, skills, knowledge) requisite to
occupational performance. Because many green technologies are still at the
development stage and workforce results of the application of these technologies are
not yet clear, the extant green economy literature has not taken an occupational-level
approach, focusing instead on broader industry-level outputs or products, such as
renewable power generation and environmental protection enhancement. This broader
focus provides very little information regarding specific green-driven changes in the way
individuals work or, the requirements of individuals performing this work.

There is an additional dimension to be accounted for in determining the impact of the
green economy on occupations: determining the extent to which green economy effects
are (a) creating entirely new occupations, (b) significantly changing the work or worker
requirements of existing occupations, or (c) simply increasing the demand for workers in
existing occupations. These distinctions are essential for locating, describing, and
forecasting potential workforce consequences of the green economy. In the interest of
workforce development, it is important to consider how the occupation is either created
by green economic activities or changing due to these activities when labeling the
occupation as “green.” In a recent report for the Texas Workforce Commission,
Anderberg pointed out the importance of a systematic approach to describing the
effects of the green economy on occupations.
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“Conferring the green label to entire constellations of occupations or to discrete
tasks and work assignments does not necessarily imbue them with special skill
requirements that must be addressed with some new education and training
intervention. The skills needed to perform some green work assignments will be
absolutely no different than those required to perform tasks and work assignments
similar, if not identical, to their non-green predecessor. Other green work
assignments may be so radically different than their predecessors that an entire
degree- or certificate-granting program needs to be developed to impart the
necessary knowledge, skills and abilities.” '°

To summarize, there are two primary implications for occupational analysis in general,
and the O*NET system in particular. First, the vast job-level information in the existing
green economy literature must be consolidated and interpreted for its meaning at the
occupation level. In particular, a focus on occupational requirements (tasks, duties, tools
and technology, knowledge, skills, and so forth) is essential for discovering the
occupational implications of the green economy.

Second, any analytical or descriptive approach used to determine the occupational
implications of the green economy must be sensitive to the varying degrees with which
green economy activities shape occupational performance. This entails a definitional
approach to “green occupations” that moves beyond labeling (i.e., green as adjective) to
encompass the dynamic nature of occupational performance (i.e., greening as verb). A
parallel can be seen in the shift away from an emphasis on “organization” to
“organizing” in the general management literature in order to address the effects of
contextual changes in the 1990s (e.qg., flattening of firms, use of teams, project-based
work). Thus, a valid approach to defining green occupations is to instead define the
“greening of occupations.”

The “greening” of occupations refers to the extent to which green economy activities
and technologies increase the demand for existing occupations, shape the work and
worker requirements needed for occupational performance, or generate unique work
and worker requirements.

This definition lends itself to three general categories, each describing the differential
consequences of green economy activities and technologies on occupational
performance. These categories of occupations are described below and include
examples of the effects indicative of each. Note that the term “existing occupation”
means it is already included within the O*NET database, whereas “new occupation”
means it is not yet included in the database.

Green Increased Demand Occupations. The impact of green economy activities and
technologies is an increase in the employment demand for an existing occupation.
However, this impact does not entail significant changes in the work and worker
requirements of the occupation. The work context may change, but the tasks
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themselves do not. An example is the increased demand for electrical power line
installers and repairers related to energy efficiency and infrastructure upgrades. #°

Green Enhanced Skills Occupations. The impact of green economy activities and
technologies results in a significant change to the work and worker requirements of
an existing occupation. This impact may or may not result in an increase in
employment demand for the occupation. An example is the occupation architect,
where greening has increased knowledge requirements pertaining to energy efficient
materials and construction, as well as skills associated with integrating green
technology into the aesthetic design of buildings. For example, many architects have
pursued Leadership in Energy and Environmental Design (LEED) certifications to
ensure the proper application of U.S. Green Building Council principles to building
designs. The essential purposes of the occupation remain the same, but tasks,
skills, knowledge, and external elements, such as credentials, have been altered.

New and Emerging (N&E) Green Occupations. The impact of green economy
activities and technologies is sufficient to create the need for unique work and
worker requirements, resulting in the generation of a new occupation. This new
occupation could be entirely novel or “born” from an existing occupation. An
example would be solar system technicians who must be able not only to install new
technology, but also to determine how this technology can best be used on a
specific site.

Given these definitions of occupational greening and the related impacts, the next
section offers an integrative framework for describing the major green economy
activities and their respective technologies. As aforementioned, a focus on green
technology is beneficial for occupational analysis precisely because the use and
development of such technology is proximal to occupational performance. Thus,
understanding how green technology is applied toward various green economy activities
can inform the potential impact of these technologies on occupational demands (e.g.,
employment needs, work and worker requirement changes).

Section I-3: Linking Green Economy Activities and Technology to
Occupational Greening

As described previously, the major activities of the green economy include decreasing
fossil fuel use and greenhouse gas emissions, increasing energy efficiency and
recycling, and developing and adopting renewable energy sources. While useful for
describing the general functions of the green economy at a broad level, more precise
delineations are necessary for efficiently and effectively determining the potential
occupational implications of green technology. A comprehensive review of the current
literature reveals 12 distinct sectors of the green economy (presented below). 2!+ 222324
25,26.27,28,29,30.31 |t j5 important to note that this list is not meant to be exhaustive, as the
green economy is certainly dynamic, but these sectors were mentioned across multiple
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sources suggesting a consensus of their importance. In addition, these sectors are by
no means completely independent; rather, their goals and functions are often
inextricably linked to one another. Nonetheless, the precise view of green economy
activities that is afforded by these categories allows for a more thorough determination
of potential occupational implications. These categories also ensure that occupational
research spans the entire spectrum of green economy activities and technologies.

1.

Renewable Energy Generation. This sector covers activities related to
developing and using energy sources such as solar, wind, geothermal, and
biomass. This sector also includes traditional, non-renewable sources of energy
undergoing significant green technological changes (e.g., oil, coal, gas, and
nuclear).

Transportation. This sector covers activities related to increasing efficiency
and/or reducing environmental impact of various modes of transportation
including trucking, mass transit, freight rail, and so forth.

Energy Efficiency. This sector covers activities related to increasing energy
efficiency (broadly defined), making energy demand response more effective,
constructing “smart grids,” and so forth.

Green Construction. This sector covers activities related to constructing new
green buildings, retrofitting residential and commercial buildings, and installing
other green construction technology.

Energy Trading. This sector covers financial services related to buying and
selling energy as an economic commodity, as well as carbon trading projects.

Energy and Carbon Capture and Storage. This sector covers activities related to
capturing and storing energy and/or carbon emissions, as well as technologies
related to power plants using the integrated gasification combined cycle (IGCC)
technique.

Research, Design, and Consulting Services. This sector encompasses “indirect
jobs” to the green economy which includes activities such as energy consulting
or research and other related business services.

Environment Protection. This sector covers activities related to environmental
remediation, climate change adaptation, and ensuring or enhancing air quality.

Agriculture and Forestry. This sector covers activities related to using natural
pesticides, efficient land management or farming, and aquaculture.
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10. Manufacturing. This sector covers activities related to industrial manufacturing of
green technology as well as energy efficient manufacturing processes.

11. Recycling and Waste Reduction. This sector covers activities related to solid
waste and wastewater management, treatment, and reduction, as well as
processing recyclable materials.

12. Governmental and Regulatory Administration. This sector covers activities by
public and private organizations associated with conservation and pollution
prevention, regulation enforcement, and policy analysis and advocacy.

Section I-4: Section Summary

To summarize, the term “green” is widely applied to a substantial variety of products,
services, and even lifestyle and consumer choices. Many of these applications are hard
to apply to occupation analysis or difficult for use in workforce development efforts.
Existing definitions of what comprises a “green job” are at a level of specificity that
seems too molecular for occupational databases such as the O*NET database. Further,
such definitions do not address the degree to which green economy activities
differentially impact occupational requirements.

To address these issues, several definitions were presented. Considering the primary
purpose of this report is to ascertain the implications of the green economy for existing
and new and emerging O*NET occupations, definitions of the green economy and of the
term occupation were presented. Next, a finer-grained definition that encompassed the
impact of green economy activities and technologies on occupations was described.
This definition focused on the “greening” of occupations and included three categories
that represented varying degrees of influence that the green economy holds for
occupational performance. Finally, to facilitate an examination of how specific
occupational greening might occur, a list of 12 green economy sectors was introduced.
Each of these sectors is described in more detail in the next section. These descriptions
include brief synopses of major activities and associated green technologies, and
specifically address any occupational implications associated with the sectors.
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SECTION IlI: OCCUPATIONAL STAFFING IMPLICATIONS BY GREEN
SECTORS

The 12 green sectors previously presented are described in this section. The primary
purpose of these synopses is to provide snapshots of general sector activities, recent
trends, and potential implications for occupations. This section therefore provides a
backdrop to facilitate interpretations of subsequent report sections presenting specific
categories of occupations that are impacted by occupational greening.

These sectors were derived from sectors identified in multiple reports within the existing
literature. Some sectors are more specific than those often discussed in the literature.
This increased specificity allows a more comprehensive depiction of the potential
occupational implications of various green economy activities. It should be noted that
these 12 sectors are not necessarily equal in terms of scope, economic activity, and
occupational potential. Some are currently far more active than others. For example,
estimates for California have shown roughly 74% of the total green economy is
attributable to activities in renewable energy generation and energy efficiency.
Nevertheless, all have the potential to affect work and its context.

Section lI-1: Renewable Energy Generation

This sector is arguably seeing the greatest development and growth within the green
economy and is at the heart of most “green” discussions. Government regulations,
energy costs, climate change, and the depletion of natural resources are all factors
driving growth and change in this sector. As of 2008, 24 states and the District of
Columbia have enacted regulations (“renewable portfolio standards”) that require a
particular portion of electricity to be generated from renewable sources. ** Such
renewable energg/ sources include wind, solar, geothermal, hydropower, biomass, and
hydrogen. 34 3% 3.37.38.39 |t has been estimated that total net renewable power
generation will increase by 30%, which equates to 40% of total domestic power
generation. *° Each of these renewable sources is briefly described below. Also
included in this sector are traditional, non-renewable sources of energy undergoing
significant green technological changes, such as oil, gas, coal, and nuclear.

Wind

Energy derived from wind is commonly used for a variety of purposes such as
generating electricity, charging batteries, pumping water, or grinding grain. *' Wind is
reportedly the fastest growing source of renewable energy, both in the U.S. and
worldwide, and it has been estimated that potential wind energy resources exist in 46 of
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the 50 states. During the past 5 years, wind facility installations have grown at a rate of
just under 25% per year. *?

Currently, wind provides only about .4% of energy consumed in the U.S. but its use is
growing rapidly due to continual construction of new wind farms and recent
breakthroughs in wind technology. In fact, it has been argued that state-of-the-art
windmills of suitable scale for use by electric utilities could generate electricity at less
than one-half the cost of gas-fired power. Examples of this new wind technology include
40-story turbines with blades spanning 200 feet, as well as offshore wind farms such as
a 130-turbine installation in Nantucket Sound, Massachusetts. In addition, government
tax incentives have also boosted the use of wind-driven equipment. *®

Solar

Solar power is expected to show slow and steady growth as it creates greater interest
among users such as metropolitan areas. ** Currently, more than 850 American
companies manufacture, install, and sell solar system components. The U.S. is
regarded as the world leader in solar research and manufacturing. *°

A critical component in the use of solar power is photovoltaic technology, which
comprises the electricity-generating layers of silicon between solar panels. Until
recently, this equipment has been considered too cost-prohibitive to compete with
traditional power generation methods. However, recent research and capital
investments are expected to enable solar power to be an economically competitive
power source within the next ten years. ¢4’

In addition to photovoltaic cells, solar power innovations include concentrating solar
power (CSP) technologies and low temperature solar collectors. While photovoltaic cells
convert sunlight directly into electricity, CSP or solar thermal technologies use reflective
materials to increase the concentration of the sun’s energy. CSP technologies utilize
mirror-covered dishes that rotate throughout the day to track the sun and subsequently
heat hydrogen to drive generator pistons that produce electricity. Such dishes are
becoming more affordable and their use has been demonstrated in states such as
California. *®*°

Geothermal

Energy from this renewable source is obtained from the heat of the Earth tapped at
various depths ranging from shallow ground to hot water and rock a few miles below the
ground, to deeply buried magma. Hot water or steam sources are typically used to
supply steam turbines that, in turn, generate electricity. *° Forecasts have estimated an
87% increase in geothermal energy production over the next two decades, which should
result in approximately 35,000 new jobs in drilling, power plant construction, equipment
supply and manufacturing, and operation and maintenance. *’
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Geothermal energy is recognized as very reliable and cost-effective. However,
geothermal plants must be located in very specific areas, such as those with volcanic
activity, tectonic plate shifting, or major hot springs and geysers. Technological
innovation is available to help ameliorate issues of location specificity. Hot Dry Rock
Geothermal Energy (HDRGE) is one such technology and allows geothermal plants to
be located almost anywhere. *2

Hydropower

Hydroelectric facilities currently generate enough power to supply 28 million households
with electricity and, because electricity is generated using water, there is little air
pollution. Thus, hydroelectric power is considered to be one of the most reliable, cost-
effective, and controllable sources of renewable energy. However, there are some limits
on its potential for expanded use beyond that already in operation today. For example,
there are very few potential locations for new hydrodams. >® In addition, droughts that
often occur in the Western U.S. can create problems for hydropowered electricity
generation. *>* Finally, associated adverse effects of waterway damming, such as
altering the habitats of local plant, fish, and animal life, have made them less attractive
energy sources. >°

To counter the adverse environmental effects of hydropower, several new technologies
are under development. For example, advanced turbine systems are said to have
benefits such as reduced fish mortality, improved compliance with water quality
standards, and reductions in carbon dioxide emissions. *°

Biomass

Biomass resources produce an array of energy-related products including electricity,
liquid, solid, and gaseous fuels, heat, chemicals, and other materials. This energy
source ranks second to hydropower in renewable U.S. primary energy production.
Biomass energy is generated from wood products and byproducts, agricultural
byproducts, ethanol, paper pellets, used railroad ties, landfill gas, digester gas,
municipal solid waste, and methane. °”*® Thus, biomass is often described as “waste-
to-energy” fuel. In fact, one production method involving cow manure uses the waste of
10 cows per year to produce enough power to supply the needs of the average
American home. Methane from waste landfills is also being used to power facilities such
as industrial plants. %

Hydrogen

Hydrogen is considered a clean energy carrier similar to electricity and can be made
from a variety of methods including nuclear energy and renewable resources. One of
the most promising hydrogen-based energy systems is hydrogen fuel cells.
Interestingly, fuel cells have existed for more than a century, but because they require a
constant supply of hydrogen, the limiting challenge has been how to create, store, and

National Center for O*NET Development Page 17 of 119



transport the hydrogen. Recognizing this challenge and the potential of hydrogen fuel
cells as a source of clean and efficient fuel, the Hydrogen Fuel Initiative was announced
in 2003 to promote hydrogen fuel cell vehicles from prototypes to in-use models. It is
also expected within the next few years that micro fuel cells will be available to power
laptop computers and cellular phones. ' €2

Traditional, Non-Renewable Energy Generation

The focus of green energy discussions is generally on renewable and clearly green
forms of energy production. However, traditional energy sources are also frequently
cited in these discussions. For example, coal, gas, oil, and nuclear power are not
typically viewed as renewable sources of energy and can have an impact on the
environment, yet there are reasons that these energy sources are often part of the
green energy discussion.

First and foremost is the issue of sustainability. While the term sustainability is often
seen as synonymous with renewability, it is also used in relation to the ability of a
country or a region to supply its own energy needs. Dependence on imported oil can be
seen as a barrier to U.S. sustainability in terms of energy production and use. Coal,
natural gas, and nuclear power offer the chance to provide homegrown energy sources
that reduce the reliance on other countries, thus increasing sustainability and also
potentially reducing energy costs.

Second, green production techniques and technologies are being explored and applied
to these traditional, non-renewable energy sources, as part of efforts to make the use of
this type of energy “greener.” Efforts have been made to come up with “clean coal”
technology, to use natural gas for large vehicles that cannot be powered by hybrid
technology, and to use new drilling techniques for finding oil deposits. Section II-6
discusses carbon capture and sequestration techniques that involve applying green
technologies to traditional energy sources. In addition, locating and utilizing energy
sources within the U.S. helps to reduce the negative environmental impact caused by
shipping products long distances.

Workforce Implications

When considered collectively, the increased potential for growth in renewable sources
of energy can be expected to impact employment and occupational expansion. This is
generally attributed to the fact that renewable energy production is more labor-intensive
than energy source production. It has been estimated that significant investment in the
renewable energy segment could result in the creation of more than 650,000 jobs in 10
years and more than 1.4 million jobs by 2025. ® Other examples of job growth forecasts
for the different sources of renewable energy are highlighted below.
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= Wind and solar energy production offer 40% more jobs per megawatt of power
produced than coal-based production, which is currently the largest fuel source
for electricity generation in the U.S. ®

= The Department of Energy estimates that developing dedicated energy crops
could create more than 120,000 jobs by 2012. %

= Jobs are being created by the increasing use of ethanol in reformulated gasoline,
with some estimating that a 40-million gallon ethanol plant has the potential to
create660g7er 1,400 construction jobs and 40 facility operation and maintenance
jobs. >

= The incorporation of hydrogen fuel cells in automobiles is likely to create a
demand for technicians specializing in automotive fuel cell batteries.

= Biomass currently employs roughly 66,000 people with a 200% growth capability
related to developing dedicated “energy crops” used for fueling biopower
generators. *°

In terms of the greening of occupations, this sector is likely to have consequences for all
three green occupational categories. First, existing occupations that can be classified as
green increased demand occupations with growth in employment demand related to
renewable energy generation include occupations such as power distributors and
dispatchers and power system operators. "> Second, many occupations are likely to be
classified as green enhanced skills occupations with changes in the actual tasks and/or
competencies required for occupational performance. For instance, occupations such
as power plant operators, electrical engineers, continuous mining machine operators,
geological sample test technicians, and mechanical engineers are likely to expand to
include new tasks and competencies. /" "? 7 Finally, because of the new technologies
being used, this sector is likely to witness significant green N&E occupations. Some
examples of these novel occupational roles are associated with designing wind turbines
or wind farms, assessing wind capacity, technician occupations for wind and geothermal
operations, designing or operating biomass or methane facilities, and designing,
installing or selling solar equipment.

Section lI-2: Transportation

This green economy sector covers activities related to increasing efficiency and/or
reducing the environmental impact of various modes of transportation, such as trucking,
mass transit, freight rail, and water. Factors directing attention toward this sector include
concerns about global warming, fuel shortages and rising costs, and a more general
move toward sustainable transportation. The notion of sustainability in transportation
centers on systems that meet transportation demands of people, businesses, and
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general society, while operating efficiently and limiting emissions, waste, consumption
of non-renewable resources, land use, and noise production. "

A large proportion of the change occurring in this sector is attributed to increased
production of renewable transportation fuels, such as ethanol and biodiesel,
development and production of new vehicle engines, and reengineered (eco-friendly)
transportation systems. "° For example, with respect to water transportation,
environmentally sensitive changes included having ships use electrical service while in
E6ort (versus diesel fuel) and using biodiesel for powering container handling equipment.

Several green technologies are playing a significant role in this sector. One example of
such technology is auxiliary power units (APU) in transportation trucks, which reduce
environmental impact from emissions as well as decrease fuel costs. ”’
Another example of green technology in this sector is hydrogen fuel cells.
Significant attention has been directed toward hydrogen fuel cell development and use,
including federal legislation (e.g., 2005 Energy Policy Act) and grants. However, some
individuals, such as T. Boone Pickens, have pointed out that fuel cells may lack the
power needed for large transportation vehicles (e.g., 18-wheelers) and thus suggest
that other alternative transportation fuels, including natural gas, should be concurrently
developed. The U.S. Department of Energy also provides numerous grants to support
innovation in green transportation technology, recently offering $14.55 million along with
matching private funds to total $29.3 million for alternative vehicle technologies. &

78,79

Workforce Implications

The workplace implications of growing concerns over environmental and conservation
issues in the transportation sector should increase demands for individuals with
specialized knowledge and skills related to eco-friendly transportation assessment,
planning, and logistics. ®' For instance, a significant transition to the use of hydrogen
fuel cells would greatly impact occupations involved in automobile production, design
and engineering, as well as those that service transportation vehicles. This impact has
been estimated to likely result in roughly 20,000 new jobs related to hydrogen fuel cells
by 2050. 8 The increased use of alternative transportation fuels in general has been
estimated to likely generate 1.5 million jobs directly related to these fuels, as well as
roughly 1.4 million jobs in associated fields such as engineering, law, and research.

In terms of the greening of occupations, existing occupations classified as green
increased demand occupations include railroad conductors and locomotive engineers.
Many existing occupations are likely to be classified as green enhanced skills
occupations with changes in the actual tasks and/or competencies that are required for
occupational performance. For example, occupations such as automotive specialty
technicians, transportation managers, and electronics engineers are likely to expand to
include new tasks and competencies. 8% 8% # Examples of green N&E occupations
include fuel cell engineers and technicians and automotive engineers and technicians.
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Section lI-3: Energy Efficiency

This sector of the green economy includes activities related to increasing energy
efficiency and making energy demand response more effective. Because this sector is
closely related to numerous industries, it often defies clear delineation. For instance,
most financial investment in this sector is within segments of larger industries (e.qg.,
vehicles, buildings, lighting, appliances). %8 Although a significant portion of this
sector involves reducing waste of energy through systematic retrofitting and upgrading
of residential and commercial buildings, *° those green activities will be addressed in a
following sector, “Green Construction.”

A number of green technologies have been brought to bear in efforts to increase energy
efficiency. For example, light-emitting diodes (LED) are a semiconductor technology
whose application to general purpose lighting holds the promise of significant energy
savings, with currently available products three to four times more efficient than
incandescent bulbs. °" Another example of green technology in this sector is high-
performance window technology consisting of low-emissivity coated glass, gas fills,
spacers, and improved frames. These high performance windows typically use
materials such as fiberglass, vinyl, argon, and silica to reduce energy loss. %

The promotion of “smart electrical grids” is also significantly impacting change within
this sector. Smart grids employ a number of more specific technologies to meet several
criteria set out by the U.S. Department of Energy including self-healing, resisting attack,
higher quality power, accommodating generation and storage options, promoting energy
markets, and increasing overall efficiency. * Technologies used to build and maintain
smart grids generally fall into five broad categories shown below. %

» Integrated Communications: Connection components used for real-time information
and control.

» Sensing and Measurement. Technologies supporting faster and more accurate
response (e.g., remote monitoring, pricing, and demand-side control).

» Advanced Components: Component applications from research such as
superconductivity, fault tolerance, or power electronics.

= Advanced Control Methods: Methods for monitoring components, enabling rapid
diagnosis and precise solutions to grid events.

» Improved Interfaces and Decision Support:. Improved information technology to
support faster and more accurate human decision-making.
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Workforce Implications

One clear implication from energy efficient technologies and practices is a growing need
for individuals with knowledge and skills related to “energy consulting,” which represents
roughly 40% of this sector’s current employment. *° Another predominant area of
employment is related to manufacturing, design, and sales of energy efficient
technologies (e.g., low-wattage or zero-wattage lighting products). Finally, occupations
that pertain to operations and maintenance have particular relevance to this sector of
the green economy. For example, occupations associated with controlling building
functions, analyzing energy costs, conserving resources, and enhancing sustainability
should see increased demand. ® Moreover, there is evidence suggesting shortages of
skills among the current workforce to meet the future demands of this sector. Such
shortages include a lack of reliable installation, maintenance, and inspection services,
as well as technical and manufacturing skills. ¥

Green increased demand occupations in this sector are likely to involve growth in
employment demand related to energy efficiency-related facility and infrastructure
upgrades. For example, occupations such as electrical power line installers and
repairers, stationary engineers and boiler operators, and boilermakers are needed for
these upgrades. ® Some occupations may be classified as green enhanced skills
occupations with changes in the actual tasks and/or competencies that are required for
occupational performance. For instance, occupations such as heating and air
conditioning mechanics and installers, and mechanical engineers may expand to
include new tasks and competencies. %1% %" This sector may also see some green
N&E occupations related to very specific energy activities being performed on a large
scale — for example, new or substantially unique occupations such as occupational roles
associated with weatherization or sealing of buildings to improve energy efficiency.

Section lI-4: Green Construction

This sector covers activities related to designing and constructing new green buildings,
retrofitting residential and commercial buildings, and installing other green construction
technology. %% 193104 |t has been well documented that to meet the increased demand
for environmentally friendly “green” buildings, construction firms have had to
substantially change preconstruction designs and materials. 19 1% 197 108 Royghly two-
thirds of this sector’s activities are undertaken by firms that are engaged in design or
construction, with the remainder involved with the production and sales of green
construction materials. "%

The broad goals of increasing energy efficiency in residential and commercial structures
are likely to foster growth in this green economy sector. Government-sponsored
initiatives are central to promoting green construction. For example, recent efforts by the
U.S. Environmental Protection Agency’s Energy Star® buildings program and the U.S.
Green Building Council’'s LEED™ rating system develop systems by which the energy
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and environmental performance of office buildings can be measured and compared to
national norms. ''° In addition, the LEED rating system for residential buildings was
recently introduced. ''" Several green technologies are also influencing green
construction activities. These mainly fall into “mechanical technologies” and include
innovations such as on-site electricity generating equipment and blackwater recycling
systems. ''?

Workforce Implications

The literature on green construction often cites the benchmark of a 35% reduction in
energy consumption by existing commercial and residential buildings over the next
three decades. This means that occupations dealing with the manufacture of retrofitting
products and their installation will be in demand. Moreover, the increased demand for
green retrofitting work will simultaneously promote demand for green building materials,
thus increasing the need for occupations in manufacturing industries. '

Many existing occupations will be classified as green increased demand occupations,
with growth in employment demand related to green construction. That would involve
occupations such as carpenters, electricians, cement masons and concrete finishers,
and welders, cutters, solderers, and brazers. ''* ' " Similarly, several occupations
are likely to be classified as green enhanced skills occupations with changes in the
actual tasks and/or competencies required for occupational performance. For example,
occupations such as construction managers, civil engineers, and construction and
building inspectors, most of whom will be involved in installing and inspecting greener
building materials, are likely to expand to include new tasks and competencies.''” 118 119
Substantial evidence of green N&E occupations resulting in the creation of new or
unique occupations is not clear at this time. '?° However, one example of a green N&E
occupation is an energy engineer who develops ways to reduce energy costs in the
designing, building, and remodeling stages of construction.

Section lI-5: Energy Trading

This green economy sector involves various financial services related to buying and
selling energy as an economic commodity, as well as carbon trading projects. 2" 122 At
least part of the growth of this sector has stemmed from industry deregulation. '?* Such
deregulation has led to the increase of trading electricity as a commodity, also known as
“power marketing” or “energy marketing”. This business model has been directly
adopted by entities commonly referred to as “non-utility generators,” typically industrial
plants that generate their own power and sell it to utilities or other industrial plants. '**
For example, of the more than 3000 electric utilities in the U.S., over half do not have
generating capacity but rather purchase electricity from other utilities. Thus, many
electric power plants are seen as commodity-producing investments. ' In addition to
energy marketing, there is a simultaneous push to reduce costs through power
conservation.
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The other significant portion of this sector is devoted to emission trading, frequently
focused on carbon trading. In short, the carbon trading market has developed from caps
or limits on the amount of carbon dioxide that can be emitted by a particular entity.
Companies or other groups are granted emission permits and must hold an equivalent
number of credits that represent the right to emit a specific amount of carbon dioxide.
Because of the limiting caps, companies that need to increase their emission allowance
need to purchase (trade) credits from other firms. 2

Workforce Implications

Energy marketing, power conservation, and emissions trading all will have implications
for employment and new occupational growth in areas such as auditing, market
analysis, brokerage, and so forth. For example, occupations related to both financial
analysis and emissions analysis are required for carbon trading. '2” 1%

This sector is not likely to see many green increased demand and green enhanced
skills occupations; however, future growth in employment demand related to financial
services occupations such as financial analysts and securities, commodities, and
financial services sales agents may occur. In addition, this sector may see some green
N&E occupations resulting in the creation of new or substantially unique occupations.
Some examples of these potentially novel occupational roles are associated with trading
or analyzing carbon credits and analyzing and purchasing energy. Growth of these
types of occupations, however, may require implementation and application of stricter
environmental/pollution regulations similar to those adopted by EU countries.

Section 1I-6: Energy and Carbon Capture and Storage

This sector covers green economg activities related to capturing and storing energy
and/or carbon emissions. 2% 3% 13! The primary force in this sector is the increase in
coal-based power plants using integrated gasification combined cycle (IGCC)
techniques. The World Coal Institute describes the IGCC technique as follows:

An alternative to achieving efficiency improvements in conventional pulverised coal-
fired power stations is through the use of gasification technology. IGCC plants use a
gasifier to convert coal (or other carbon-based materials) to syngas, which drives a
combined cycle turbine. Coal is combined with oxygen and steam in the gasifier to
produce the syngas, which is mainly H, and carbon monoxide (CO). The gas is then
cleaned to remove impurities, such as sulphur, and the syngas is used in a gas
turbine to produce electricity. Waste heat from the gas turbine is recovered to create
steam, which drives a steam turbine, producing more electricity. The result is a
combined cycle system. 2

The benefit of IGCC plants is that they use less water and emit fewer airborne sulfur
oxides, nitrogen oxides, particulates, and mercury than conventional pulverized coal
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plants. IGCC plants still produce carbon dioxide but this greenhouse gas can be
concentrated and removed prior to combustion (i.e., “carbon capture and storage
[CCS]). Although IGCC technology is currently being implemented, most experts agree
that CCS is farther behind in terms of development and use. '

Workforce Implications

Technologies related to carbon capture and storage could generate increased demand
for knowledge and skills needed for processes such as geologic or terrestrial carbon
sequestration. '** In addition, demand for individuals to construct and maintain pipelines
for carbon transport may increase. '*°

Overall, this sector may not experience significant greening in the immediate future.
There may be some green enhanced skills occupations with changes in the actual tasks
and/or competencies that are required for occupational performance. One example of
such change is for power plant operators. '*® Some green N&E occupations might also
be likely. For example, the creation of a unique role associated with carbon capture and
sequestration systems. These technologies are still in the research and development
stage, so their ultimate workforce impact remains to be seen.

Section II-7: Research, Design, and Consulting Services

This sector encompasses “indirect jobs” to the green economy and includes activities
such as energy consulting or research and other related business services: '3 138 139
Although not directly related to green technology, these types of occupations have
accounted for a significant portion of employment growth in the green economy. For
example, it has been estimated that jobs in this sector have grown by 52% since 1990
as compared to a 38% increase in direct jobs during the same time period. '*°

Workforce Implications

Accomplishing this sector’s activities requires knowledge and skills in areas such as
engineering business consulting, and sales and marketing. This sector is likely to
primarily include green increased demand and green enhanced skills occupations
through “indirect jobs” or occupations such as financial analysts, sales representatives,
geoscientists, engineering managers, marketing managers, and public relations
specialists. '*" %1% This sector may also see some green N&E occupations which
might result in the creation of new or substantially unique occupations such as
occupational roles associated with marketing green products or services as well as
research and development engineers of green technology.
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Section I1-8: Environmental Protection

This sector covers activities related to the environmental remediation, climate change
adaption, and ensuring or enhancing air quality. *** '** ¢ Environmental remediation
entails the restoration of a contaminated site to a condition that is not a threat to human
or animal health. Numerous technologies are used for remediation efforts including ion
exchange, soil washing, chemical precipitation, oxidation, electrolytic treatment, and
biological treatments with plants, fungi, and bacteria. '*’ Climate change adaptations
are “actions taken to help communities and ecosystems moderate, cope with, or take
advantage of actual or expected changes in climate conditions.” '*® Efforts to enhance
air quality generally encompass activities related to minimizing or eliminating various
pollutants. According to the U.S. Department of Transportation, these pollutants come
from many sources: stationary sources (e.g., factories and power plants), dispersed
sources (e.g., dry cleaners and painting operations), mobile sources (e.g., cars, buses,
planes, trucks, and trains), and, natural sources (e.g., windblown dust and volcanic
eruptions). '*°

Workforce Implications

Federal legislation and regulation have been significant forces in this sector. Below are
some examples of such legislation.

= Clean Air Act of 1990: Authorizes the U.S. Environmental Protection Agency (EPA)
to establish National Ambient Air Quality Standards (NAAQS) to protect public
health and public welfare and to regulate emissions of hazardous air pollutants, as
well as provides broader authority to implement and enforce regulations reducing air
pollutant emissions.

» Clean Water Act of 1972: Establishes the basic structure for regulating discharges of
pollutants into the waters of the United States and regulating quality standards for
surface waters.

» Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(and Superfund Amendments and Reauthorization Act [SARA] of 1986): Provides a
Federal “Superfund” to clean up uncontrolled or abandoned hazardous-waste sites
as well as accidents, spills, and other emergency releases of pollutants and
contaminants into the environment. Gives the U.S. EPA the power to seek out those
parties responsible for any release and assure their cooperation in the cleanup. '*°

This sector is likely to include green increased demand occupations with growth in
employment related to environmental protection in occupations such as environmental
scientists and natural sciences managers. "' Several occupations in this sector are
likely to include green enhanced skills occupations with changes in the actual tasks
and/or competencies that are required for occupational performance. For instance,
occupations such as environmental engineers, hazardous materials removal workers,
environmental engineering technicians, atmospheric and space scientists, and soil and
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water conservationists may expand to include new tasks and competencies. '°% 1°3: 154

Finally, this sector is very likely to include green N&E occupations resulting in the
creation of new or substantially unique occupations. Some examples of these potentially
novel occupational roles are associated with specializing in water resources,
redevelopment of “brownfields,” analyzing climate change, certifying environmental
quality, and industrial ecology.

Section 1I-9: Agriculture and Forestry

This sector covers activities related to the use of natural pesticides, efficient land
management or farming, and aquaculture. '°° ¢ %" Related to the use of natural
pesticides is the increase in consumer demand for certified organic foods. According to
the International Federation of Organic Agriculture Movements, organic farming is a
form of agriculture that maintains soil productivity and controls pests by excluding or
limiting the use of synthetic fertilizers and pesticides, plant growth regulators, feed
additives, and genetically modified organisms. '*® The increase in consumer demand
has contributed to the growth of organic farming and the food products from these
farms. For example, from 2001 to 2006 the demand for organic products rose 10% to a
total $40 billion in sales. *°

Efficient land use and management has been facilitated by the application of geospatial
technology. A new term, “precision farming,” refers to the use of geospatial data and
information systems to plan, manage, and evaluate farming processes. '®° This
technology uses geospatial information to plan specific agricultural methods to be used
in localized areas of an individual farm, with the intention of maximizing crop yields.

Related to mitigating environmental impact of agriculture, it has been estimated that
agricultural activities are responsible for nearly 30% of total U.S. methane emissions. '®
To help lessen this impact, green technologies such as “super soil systems” have been
developed and implemented. Super soil entails on-farm waste treatment whereby the
wastes are reduced to solids and treated liquid effluent streams. These solids are then
composted off-site to be cured and used as organic fertilizers and soil enhancements. In
addition, a byproduct of these systems is methane gas which can be recycled using
“biogas digesters” and then used as fuel for generating electricity. 2

Workforce Implications

Some of the workforce implications of the activities in this green sector include
increased demand for individuals skilled in organic farming methods and the
development and research of alternative, non-synthetic pesticides. The use of precision
farming techniques requires skills and knowledge related to geospatial technology, such
as geographic information systems and global positioning systems. Finally, super soil
system technology would create needs for occupations associated with the construction
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and manufacturing of the system’s components (e.g., large tanks used for “digesting”),
as well as the installation of these components. '®®

With regard to the greening of occupations, this sector is likely to have at least some
consequences for all three categories of occupations. Some existing occupations that
will illustrate green increased demand occupations include agricultural workers and
inspectors. '®* Examples of occupations likely to illustrate green enhanced skills
occupations include farmers and ranchers, landscape architects, and agricultural
technicians, all of which are likely to expand to include new tasks and competencies. '®>
166,187 astly, this sector could include some green N&E occupations where novel
occupational roles are generated in areas of precision agriculture and biomass farming
in the future.

Section 1I-10: Manufacturing

This sector covers activities related to industrial manufacturing of green technology as
well as energy efficient manufacturing processes. '8 1% 179171 There are two broad
facets of green economy activities in the manufacturing sector. The first is the
manufacturing of “green” materials that are required by other sectors of the green
economy (e.g., renewable energy, construction). The second is the application of
techniques and/or technologies to the manufacturing process. This latter category is
highly related to previous sectors, such as energy efficiency and carbon capture.
According to the Center for Green Manufacturing at the University of Alabama, the
purpose of green manufacturing is “to prevent pollution and save energy through the
discovery and development of new knowledge that reduces and/or eliminates the use or
generation of hazardous substances in the design, manufacture, and application of
chemical products or processes.” 12

Workforce Implications

When compared to the other green sectors previously discussed, the primary
implication of this sector’s activities is the increased demand for existing manufacturing-
related occupations. Thus, occupational impact is most likely to be in the forms of green
increased demand and green enhanced skills occupations. For example, existing
manufacturing occupations such as drilling and boring machine tools setters, operators
and tenders, as well as separating, filtering, clarifying, precipitating and still machines
setters, operators and tenders are likely to see employment growth due to green
economy activities. ' '* Green enhanced skills occupations may include occupations
such as industrial engineering technicians, electrical engineering technicians,
machinists, and occupational health and safety technicians. "> 7% 177 178 Green N&E
occupations are likely to be found within this sector in relation to the manufacturing of
products designed and developed by engineers in such fields as biochemistry,
microsystems engineering, and photonics.
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Section lI-11: Recycling and Waste Reduction

Sector activities encompass solid waste and wastewater management, treatment, and
reduction, as well as processing recyclable materials. ' 18 181. 182 Thjg gector includes
municipal waste and recycling as well as wastewater treatment and management. '%
Many firms within this sector typically specialize in designing and manufacturing water
purification products. '®* Other firms focus more heavily on managing recycling and/or
waste treatment operations. '

Workforce Implications

Significant investments by state and local government programs to increase recycling
have facilitated employment demand. For example, studies conducted in 2003 and
2004 found over 50,000 establishments employing over 1.2 million individuals within
recycling area of this sector.'® '®”  Similarly, the U.S. Bureau of Labor Statistics
forecasts the demand for occupations related to waste management to increase by 14%
between 2006 and 2016. '®® Some green enhanced skills occupations could include
employment growth in existing occupations such as plant and systems operators as well
as refuse and recyclable materials collectors. ¥ Green N&E occupations in this sector
could create potentially new occupational roles associated with sustainable design,
recycling and reclamation, and coordinating recycling activities.

Section lI-12: Governmental and Regulatory Administration

This sector includes activities by public and private organizations associated with
conservation and Pollution prevention, regulations enforcement, and policy analysis and
advocacy. 190 191. 192.193. 194 Wwijthin public or governmental organizations, many of this
sector’s activities involve conservation and pollution prevention efforts and creating and
enforcing regulations. ' In addition, non-profit organizations are frequently involved
with policy anal}lsis and advocacy of conservation, climate change, and other energy-
related issues. % Profit-oriented organizations, such as venture capitalists and private
equity firms, are often engaged in financing small- and large-scale renewable energy
projects and other green technology projects. '¥’

Workforce Implications

An increase in the activities related to this green economy sector would translate into a
demand for both specialist-type occupations (e.g., testing specialists, researchers) and
more general occupations related to regulation or administration (e.g., compliance
managers, policy advisors). With regard to the greening of occupations, this sector is
likely to have at least some consequences for all three occupational categories. Some
existing occupations that will be classified as green increased demand occupations
include agriculture inspectors. '8 In terms of green enhanced skills occupations,
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occupations such as soil and water conservationists and environmental engineers are
likely to expand to include new tasks and competencies. '*° Finally, as stricter
regulations are adopted and enforced, this sector could include some green N&E
occupations where novel occupational roles are generated in areas of consulting in
sustainability, air quality control, consulting in gas emissions permits, and verification of
emissions reporting.
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SECTION lll: EXISTING O*NET-SOC OCCUPATIONS AND NEW &
EMERGING (N&E) OCCUPATIONS IN THE GREEN ECONOMY

Section lll-1: Framework and Procedural Description

The primary purpose of this report is the identification of current O*NET-SOC
occupations impacted by the green economy and the identification and viability of
potential new and emerging occupations within the green economy. Occupations
identified in this report as undergoing “greening” come from three sources: (a)
occupations in the current O*NET-SOC 2006 taxonomy, % (b) O*NET-SOC N&E
occupations identified through research conducted on in-demand industry clusters, 2*'
and (c) N&E occupations identified in the current research on the greening of the world
of work. Existing O*NET-SOC occupations in the 2006 taxonomy experiencing an
increase in employment demand but no significant changes in the work and worker
requirements are designated as “green increased demand” occupations. “Green
enhanced skills” occupations include existing O*NET-SOC 2006 taxonomy occupations
where the essential purpose of the occupation remains the same, but tasks, skills,
knowledge, and other such elements have been altered due to the impact of green
economy activities and technologies.

In relation to the O*NET system, new and emerging (N&E) occupations are defined as
(a) occupations that involve significantly different work from that performed by
incumbents of other occupations and (b) are not adequately reflected by the existing
O*NET system. 2% Candidate N&E occupations that do not perform work significantly
different from the work of existing O*NET occupations are not considered N&E
occupations.

Within the context of occupations impacted by the green economy, this definition of
N&E occupations (both those in the green economy and in in-demand industry clusters)
equates to “green N&E” occupations. That is, green N&E occupations are those
occupations for which the impact of green economy activities and technologies is
significant enough to create the need for unique work and worker requirements, which
results in the generation of a new occupation.

A systematic process was followed to identify existing O*NET-SOC occupations, N&E
occupations from previous research undergoing “greening,” and N&E candidate
occupations in the green economy. The major steps and activities of this process are
outlined below. It is important to note that many of these steps were designed and
implemented in previous efforts to identify N&E occupations in a number of in-demand
industry clusters. 2%
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1. Locate and Review Existing Literature. The purpose of this initial activity was to
gather every possible research report and article pertaining to green economy
activities — especially those oriented toward “green jobs.” More than 60 reports
were collected and reviewed. These reports were from reputable sources such
as recognized educational institutions, articles published in established academic
journals, commissioned reports, industry white papers, and governmental
technical reports. Additionally, numerous associated/relevant internet sources on
the world of work were reviewed.

2. Identify and Compile Job Titles. This step entailed accumulating a listing of all job
titles that were referenced in the source reports. Such titles were derived from
explicit references or from discussions within the bodies of the reports. These
titles were input into a master spreadsheet.

3. Review and Sort Collected Job Titles. The master spreadsheet was reviewed to
eliminate the roughly 2% of titles considered redundant or either too molecular
(e.g., individual positions) or too molar (e.g., occupational clusters) to be useful.
Titles were also sorted into five broad groupings to facilitate interpretation
(construction, transportation, energy, materials, and other). A total of 467 titles
were retained and sorted.

4. Cluster Titles to Identify Occupations. Within each grouping, similar job titles
were clustered and differentiated occupational titles retained. For example,
power plant operations job titles were separated from power plant design job
titles or environmental job titles were separated from sales/marketing job titles.
Subclusters were also formed within the broad groupings to further eliminate
redundancies and to ensure that similar titles were clustered. For example, the
“materials” grouping was further divided into building, design, and hazardous
materials.

5. Identify Occupational Sectors. To further organize the research, the source
reports were again reviewed to collect lists of the organizational schemas
commonly used to sort so-called green jobs. This review produced a 12-sector
schema that was consistent with what was used in the source reports and
provided the most logical and detailed approach to classifying occupations.

6. Determine Overlap with O*NET Occupations. In this step all titles were reviewed
to determine whether they were (a) a direct match to an existing O*NET-SOC
occupation (green increased demand occupations), see Appendix A, (b) a close
match to an existing O*NET-SOC occupation, but had aspects that could merit
task list updating and/or alternate title changes for the existing O*NET-SOC entry
(green enhanced skills occupations), see Appendix B, or (c) a possibly new or
unique occupational title relative to the O*NET database (green N&E
occupations), see Appendix C. Two occupational analysts assigned the titles to
these three categories. This assignment was conducted independently and
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interrater agreement was 95%. Disagreements were discussed and titles
assigned.

7. Identify Potential Green Economy N&E Occupations. This step focused on
occupations in the green N&E occupational category. Classifying potential N&E
occupations into the 12 organizational sectors facilitated research by creating
conceptually similar groups on which to focus efforts. In addition, taking a sector-
centric approach also helped to surface important green technologies that are
driving occupational changes. These sectors were presented in Section Il of this
report.

8. Research Potential Green Economy N&E Occupations. The green economy
reports from step 1 were used as the primary sources of evidence in this step.
However, numerous internet sources were also searched in an effort to locate
additional evidence. Credibility of these additional sources was ensured by
focusing searching activities on governmental sources, professional/industry
associations, state and local agencies and organizations. Each occupational title
was researched to determine first if it was a sufficiently viable title to warrant N&E
inclusion. Titles were discarded if it became impossible to determine even the
most general work activities performed by incumbents who might use that title, or
if there was no indication that the title was in common use. Other titles were
combined with similar titles when research determined that the work activities in
both were essentially the same. Finally, the retained titles were compiled for
more rigorous research. All existing N&E occupations previously identified in in-
demand industry cluster research were also examined to determine green N&E
occupational classification.

9. Build and Consolidate Evidence for Final N&E Determination. Six specific criteria
used in previous N&E research were again used to determine the N&E status for
the occupations from step 7.

» Reputable evidence of significant employment (i.e., at least 5000
incumbents).

= Evidence of positive employment growth in the candidate occupation over
the next five years

» Existing accredited education/training programs/institutions offering
credentials tailored for the candidate occupation

= States requiring licensure, registration, or certification in order to practice in
the occupation

» Evidence of national associations serving incumbents in the occupation,
with a benchmark of at least one such association.

= Evidence of trade or professional journals dedicated to incumbents in that
occupation, with a benchmark of at least one such association.
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10. Compile and Report N&E Evidence. Forty-five occupations identified in the
green economy met the criteria to be considered new and emerging. Forty-five
existing N&E occupations identified in previous research of in-demand industry
clusters were also considered to be part of the green economy. The results of
this research are shown in Appendix C of this report.

In summary, the current research identified a total of 64 O*NET-SOC occupations from
the 2006 taxonomy as “green increased demand” occupations and 60 O*NET-SOC
occupations as “green enhanced skills” occupations. Forty-five O*NET-SOC N&E
occupations previously identified through research on in-demand industry clusters and
46 newly identified N&E occupations in the green economy qualified as “green N&E”
occupations. Because of its constantly evolving nature, the green economy will be
researched continually in an effort to see how it is impacting the world of work and, in
particular, O*NET-SOC occupations and the emergence of new occupations. This
research will help ensure that the O*NET system includes the most up-to-date
information on occupations in the green economy.
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Appendix A: O*NET-SOC Occupations Classified as “Green
Increased Demand” Occupations, Organized by Sector

The following tables include green jobs/occupations identified through the
research of 60+ publications and internet sources. These reported green
jobs/occupations are equivalent to existing O*NET-SOC occupations found
in the 2006 O*NET-SOC taxonomy. Based on these research efforts, it has
been determined the existing O*NET-SOC occupations presented in the
following tables are “green increased demand” occupations. The
occupations are organized by sector (n = 64).
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SECTOR I: RENEWABLE ENERGY GENERATION

This table includes reported green jobs/occupations identified in publications and internet sources that
are equivalent to existing O*NET-SOC occupations classified as “green increased demand” occupations

Reported Occupation

O*NET-SOC Code

O*NET-SOC Occupation

Power System Operators

51-8012.00

Power Distributors and Dispatchers

* denotes occupations that are linked to multiple sectors
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SECTOR II: TRANSPORTATION

This table includes reported green jobs/occupations identified in publications and internet sources that
are equivalent to existing O*NET-SOC occupations classified as “green increased demand” occupations

Reported Occupation O*NET-SOC Code O*NET-SOC Occupation

Bus Drivers 53-3021.00 Bus Drivers, Transit and Intercity

Dispatchers, Except Police, Fire, and
Dispatchers 43-5032.00 Ambulance
Industrial Truck Drivers 53-7051.00 Industrial Truck and Tractor Operators
Locomotive Engineers 53-4011.00 Locomotive Engineers

Rail-Track Laying and Maintenance Equipment
Rail Track Layers 47-4061.00 Operators
Railroad Conductors 53-4031.00 Railroad Conductors and Yardmasters

* denotes occupations that are linked to multiple sectors
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SECTOR lll: ENERGY EFFICIENCY

This table includes reported green jobs/occupations identified in publications and internet sources that
are equivalent to existing O*NET-SOC occupations classified as “green increased demand” occupations

Reported Occupation O*NET-SOC Code O*NET-SOC Occupation
Boiler Technicians 51-8021.00 Stationary Engineers and Boiler Operators
Boilermakers* 47-2011.00 Boilermakers
Electrical Power Line Installers and Repairers 49-9051.00 Electrical Power-Line Installers and Repairers
Insulation Installers* 47-2131.00 Insulation Workers, Floor, Ceiling, and Wall
Insulation Workers* 47-2131.00 Insulation Workers, Floor, Ceiling, and Wall
Refrigeration Engineers* 49-9021.02 Refrigeration Mechanics and Installers

* denotes occupations that are linked to multiple sectors

National Center for O*NET Development

Page 53 of 119




SECTOR IV: GREEN CONSTRUCTION

This table includes reported green jobs/occupations identified in publications and internet sources that
are equivalent to existing O*NET-SOC occupations classified as “green increased demand” occupations

Reported Occupation O*NET-SOC Code O*NET-SOC Occupation
Architecture Technicians 17-3011.01 Architectural Drafters
Boilermakers* 47-2011.00 Boilermakers
Carpenter Helpers 47-3012.00 Helpers--Carpenters
Carpenters 47-2031.01 Construction Carpenters
Carpenters 47-2031.02 Rough Carpenters
Cement Masons 47-2051.00 Cement Masons and Concrete Finishers
Operating Engineers and Other Construction
Construction Equipment Operators 47-2073.00 Equipment Operators
Electricians 47-2111.00 Electricians
Industrial Truck Drivers 53-7051.00 Industrial Truck and Tractor Operators
Helpers--Installation, Maintenance, and Repair
Installation Helpers 49-9098.00 Workers
Insulation Installers™ 47-2131.00 Insulation Workers, Floor, Ceiling, and Wall
Insulation Workers* 47-2131.00 Insulation Workers, Floor, Ceiling, and Wall
Iron and Steel Workers* 47-2221.00 Structural Iron and Steel Workers
Laborers and Freight, Stock, and Material
Laborers* 53-7062.00 Movers, Hand
Metal Fabricators* 51-2041.00 Structural Metal Fabricators and Fitters
Operating Engineers and Other Construction
Operating Engineers 47-2073.00 Equipment Operators
Refrigeration Engineers* 49-9021.02 Refrigeration Mechanics and Installers
Welders* 51-4121.06 Welders, Cutters, and Welder Fitters
Welders, Cutters, Solderers & Brazers* 51-4121.06 Welders, Cutters, and Welder Fitters
Welders, Cutters, Solderers & Brazers* 51-4121.07 Solderers and Brazers

* denotes occupations that are linked to multiple sectors
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SECTOR V: ENERGY TRADING

Note: At the time of this research, there were no reported jobs/occupations in the researched green
reports and internet sources that were equivalent to existing O*NET-SOC occupations classified as
“green increased demand” occupations, within this sector.
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SECTOR VI: ENERGY AND CARBON CAPTURE AND STORAGE

Note: At the time of this research, there were no reported jobs/occupations in the researched green
reports and internet sources that were equivalent to existing O*NET-SOC occupations classified as
“green increased demand” occupations, within this sector.
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SECTOR VII: RESEARCH, DESIGN, AND CONSULTING SERVICES

This table includes reported green jobs/occupations identified in publications and internet sources that
are equivalent to existing O*NET-SOC occupations classified as “green increased demand” occupations

Reported Occupation O*NET-SOC Code O*NET-SOC Occupation
Chemical Engineers 17-2041.00 Chemical Engineers
Chemists* 19-2031.00 Chemists

Computer Software Engineers, Systems

Computer Software Engineers 15-1032.00 Software
Customer Service Representatives 43-4051.00 Customer Service Representatives
Electrical and Electronics Repairers, Electrical and Electronics Repairers,
Commercial and Industrial Equipment* 49-2094.00 Commercial and Industrial Equipment
Environmental Health, Safety and Engineering
Managers* 17-2111.01 Industrial Safety and Health Engineers
Hydrogeologists and Hydrologists* 19-2043.00 Hydrologists
Industrial Engineers 17-2112.00 Industrial Engineers
Material Scientists™ 19-2032.00 Materials Scientists
Product Designers* 27-1021.00 Commercial and Industrial Designers
Safety Investigators/Cause Analysts™ 29-9011.00 Occupational Health and Safety Specialists

* denotes occupations that are linked to multiple sectors
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SECTOR VIiI: ENVIRONMENT PROTECTION

This table includes reported green jobs/occupations identified in publications and internet sources that
are equivalent to existing O*NET-SOC occupations classified as “green increased demand” occupations

Reported Occupation O*NET-SOC Code O*NET-SOC Occupation
Agriculture Extension Specialists 25-9021.00 Farm and Home Management Advisors
Biologists - Marine/Fisheries 19-1023.00 Zoologists and Wildlife Biologists

Environmental Scientists and Specialists,
Environmental Scientists 19-2041.00 Including Health
Forestry and Wildlife Managers 33-3031.00 Fish and Game Wardens
Forestry Conservation Workers 45-4011.00 Forest and Conservation Workers
First-Line Supervisors/Managers of Logging
Forestry Supervisors 45-1011.05 Workers
Hydrogeologists and Hydrologists* 19-2043.00 Hydrologists
Natural Resources Managers 11-9121.00 Natural Sciences Managers
Soil Conservation Technicians 19-4093.00 Forest and Conservation Technicians
Wildlife Biologists 19-1023.00 Zoologists and Wildlife Biologists

* denotes occupations that are linked to multiple sectors
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SECTOR IX: AGRICULTURE AND FORESTRY

This table includes reported green jobs/occupations identified in publications and internet sources that
are equivalent to existing O*NET-SOC occupations classified as “green increased demand” occupations

Reported Occupation O*NET-SOC Code O*NET-SOC Occupation
First-Line Supervisors/Managers of Agricultural
Agricultural and Forestry Supervisors 45-1011.07 Crop and Horticultural Workers
Agricultural Inspectors™ 45-2011.00 Agricultural Inspectors
Farm Product Purchasers 13-1021.00 Purchasing Agents and Buyers, Farm Products
Food Product Inspectors* 45-2011.00 Agricultural Inspectors

* denotes occupations that are linked to multiple sectors
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SECTOR X: MANUFACTURING

This table includes reported green jobs/occupations identified in publications and internet sources that
are equivalent to existing O*NET-SOC occupations classified as “green increased demand” occupations

Reported Occupation O*NET-SOC Code O*NET-SOC Occupation
Chemical Equipment Operators and Tenders 51-9011.00 Chemical Equipment Operators and Tenders
Chemical Plant System Operators 51-8091.00 Chemical Plant and System Operators
Chemical Technicians 19-4031.00 Chemical Technicians
Chemists* 19-2031.00 Chemists

Computer-Controlled Machine Tool Operators,
CNC Operators 51-4011.00 Metal and Plastic
Cutting, Punching and Press Machine Cutting, Punching, and Press Machine Setters,
Operators 51-4031.00 Operators, and Tenders, Metal and Plastic
Drilling and Boring Machine Tool Setters,
Drilling & Boring Operators 51-4032.00 Operators, and Tenders, Metal and Plastic
Electrical and Electronics Repairers, Electrical and Electronics Repairers,
Commercial and Industrial EQuipment* 49-2094.00 Commercial and Industrial Equipment
Electrical and Electronic Equipment
Electrical Equipment Assemblers 51-2022.00 Assemblers
Electrical Equipment Technicians 17-3023.01 Electronics Engineering Technicians
Engine Assemblers 51-2031.00 Engine and Other Machine Assemblers
Environmental Health, Safety and Engineering
Managers* 17-2111.01 Industrial Safety and Health Engineers
First-Line Supervisors/Managers of Production
First-Line Production Supervisors 51-1011.00 and Operating Workers
Industrial Machinery Mechanics 49-9041.00 Industrial Machinery Mechanics
Industrial Production Managers 11-3051.00 Industrial Production Managers
Iron and Steel Workers* 47-2221.00 Structural Iron and Steel Workers
Laborers and Freight, Stock and Material Laborers and Freight, Stock, and Material
Handlers 53-7062.00 Movers, Hand
Laborers and Freight, Stock, and Material
Laborers* 53-7062.00 Movers, Hand

* denotes occupations that are linked to multiple sectors
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Reported Occupation

O*NET-SOC Code

O*NET-SOC Occupation

Material Scientists™ 19-2032.00 Materials Scientists
Metal Fabricators* 51-2041.00 Structural Metal Fabricators and Fitters
Millwrights 49-9044.00 Millwrights

Mixing and Blending Machine Setters,
Mixing and Blending Machine Operators 51-9023.00 Operators, and Tenders
Plant Maintenance Supervising Technical First-Line Supervisors/Managers of
Operators 49-1011.00 Mechanics, Installers, and Repairers
Plant Safety Engineers 17-2111.01 Industrial Safety and Health Engineers
Product Designers* 27-1021.00 Commercial and Industrial Designers
Production, Planning and Expediting Clerks 43-5061.00 Production, Planning, and Expediting Clerks
Safety Investigators/Cause Analysts™ 29-9011.00 Occupational Health and Safety Specialists
Team Assemblers 51-2092.00 Team Assemblers
Welders* 51-4121.06 Welders, Cutters, and Welder Fitters
Welders, Cutters, Solderers & Brazers* 51-4121.06 Welders, Cutters, and Welder Fitters
Welders, Cutters, Solderers & Brazers* 51-4121.07 Solderers and Brazers

* denotes occupations that are linked to multiple sectors
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SECTOR XI: RECYCLING AND WASTE REDUCTION

Note: At the time of this research, there were no reported jobs/occupations in the researched green
reports and internet sources that were equivalent to existing O*NET-SOC occupations classified as
“green increased demand” occupations, within this sector.
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SECTOR XlI: GOVERNMENTAL AND REGULATORY ADMINISTRATION

This table includes reported green jobs/occupations identified in publications and internet sources that
are equivalent to existing O*NET-SOC occupations classified as “green increased demand” occupations

Reported Occupation O*NET-SOC Code O*NET-SOC Occupation
Agricultural Inspectors™ 45-2011.00 Agricultural Inspectors
Food Product Inspectors* 45-2011.00 Agricultural Inspectors

* denotes occupations that are linked to multiple sectors
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Appendix B: O*NET-SOC Occupations Classified as “Green
Enhanced Skills” Occupations, Organized by Sector

The following tables include green jobs/occupations identified through the
research of 60+ publications and internet sources. These reported green
jobs/occupations are related to existing O*NET-SOC occupations found in
the 2006 O*NET-SOC taxonomy. Based on these research efforts, it has
been determined the existing O*NET-SOC occupations presented in the
following tables are classified as “green enhanced skills” occupations. The
occupations are organized by sector (n = 60).
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SECTOR I: RENEWABLE ENERGY GENERATION

This table includes reported green jobs/occupations identified in publications and internet sources that
are related to existing O*NET-SOC occupations classified as “green enhanced skills” occupations

Reported Occupation O*NET-SOC Code O*NET-SOC Occupation
Coal Gasification Technicians™ 51-8013.00 Power Plant Operators
Coal Miners** 47-5041.00 Continuous Mining Machine Operators
Cogeneration Technicians 51-8013.00 Power Plant Operators
Combustion Technicians 51-8013.00 Power Plant Operators
Electrical Energy Storage/Distribution
Technicians 11-3071.02 Storage and Distribution Managers
Ethanol Maintenance Mechanics* 49-9042.00 Maintenance and Repair Workers, General
Fuel Storage Technicians 11-3071.02 Storage and Distribution Managers
Geothermal Electrical Engineers 17-2071.00 Electrical Engineers
Geo-thermal Heat Pump Machinists 51-4041.00 Machinists
Geothermal Operations Engineers 51-8013.00 Power Plant Operators
Geothermal Power Generation Mechanical
Engineers 17-2141.00 Mechanical Engineers
Geo-thermal Sheet Metal Workers 47-2211.00 Sheet Metal Workers
Hydro-Electric Operations Maintenance
Workers 49-9042.00 Maintenance and Repair Workers, General
Hydro-Electric Plant Electrical Engineers 51-8013.00 Power Plant Operators
Hydro-Electric Plant Mechanical Engineers 17-2141.00 Mechanical Engineers
Hydro-electric Plant Power Generation
Engineers 51-8013.00 Power Plant Operators
Hydrogen Plant Operator and Operations
Managers 51-8013.00 Power Plant Operators

* denotes occupations that are linked to multiple sectors
**denotes occupations that include traditional, non-renewable sources of energy undergoing significant green technological changes
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Reported Occupation

O*NET-SOC Code

O*NET-SOC Occupation

Hydrogen Power Plant Installation, Operations,

Engineering and Management Staff - General 51-8013.00 Power Plant Operators

ICE Technicians

Instrumentation/Controls/Electrical Systems 51-8013.00 Power Plant Operators

Instrument/Control Technicians and Process

Operators 51-8013.00 Power Plant Operators

Methane Capturing System Maintenance

Workers 49-9042.00 Maintenance and Repair Workers, General

Nuclear Fuel Enrichment and Processing

Technicians 19-4051.01 Nuclear Equipment Operation Technicians

Nuclear Power Plant Process Control Workers 51-8011.00 Nuclear Power Reactor Operators

Nuclear Reactor Technicians 51-8011.00 Nuclear Power Reactor Operators

Oil and Gas Exploration Technicians** 19-4041.02 Geological Sample Test Technicians

Oil and Gas Field Technicians** 47-5013.00 Service Unit Operators, QOil, Gas, and Mining

Oil and Shale and Tar Processing

Technicians** 47-5013.00 Service Unit Operators, Qil, Gas, and Mining
Separating, Filtering, Clarifying, Precipitating,
and Still Machine Setters, Operators, and

Oil Refinery Process Technicians™* 51-9012.00 Tenders

PV Power Systems Engineers 17-2071.00 Electrical Engineers

PV Solar Cell Designers 17-2071.00 Electrical Engineers

Solar Designer/Engineers 17-2071.00 Electrical Engineers

Solar Energy Engineers 17-2071.00 Electrical Engineers

Solar Energy Systems Designers 17-2071.00 Electrical Engineers

Solar Operations Engineers 17-2051.00 Civil Engineers

Utility Plant Operatives 51-8013.00 Power Plant Operators

Wastewater Plant Civil Engineers” 17-2051.00 Civil Engineers

Wind Farm Electrical Systems Designers* 17-2071.00 Electrical Engineers

Wind Turbine Electrical Engineers 17-2071.00 Electrical Engineers

Wind Turbine Mechanical Engineers 17-2141.00 Mechanical Engineers

* denotes occupations that are linked to multiple sectors

**denotes occupations that include traditional, non-renewable sources of energy undergoing significant green technological changes
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SECTOR II: TRANSPORTATION

This table includes reported green jobs/occupations identified in publications and internet sources that
are related to existing O*NET-SOC occupations classified as “green enhanced skills” occupations

Reported Occupation O*NET-SOC Code O*NET-SOC Occupation
Alternative Fuel Vehicle AFV
Maintenance/Repair Technicians 49-3023.02 Automotive Specialty Technicians
Auto Body Repair Workers/Updated (Nano)
Materials 49-3023.02 Automotive Specialty Technicians
Bus System Operators 11-3071.01 Transportation Managers
Cryogenic Transport Truck Drivers 53-3032.00 Truck Drivers, Heavy and Tractor-Trailer
Diesel Retrofit Designers 17-2141.00 Mechanical Engineers
Diesel Retrofit Installers 49-3023.02 Automotive Specialty Technicians
Electric Shipyard Operators 11-3071.01 Transportation Managers
Electric Vehicle Electricians 49-3023.02 Automotive Specialty Technicians

Transportation Vehicle, Equipment and

Emissions Testing and Repair Technicians 53-6051.07 Systems Inspectors, Except Aviation
Fuel Retrofitting/Conversion Technicians 49-3023.02 Automotive Specialty Technicians
Fuel-Efficient Aircraft Designers* 17-2011.00 Aerospace Engineers
Fuel-Efficient/Low-Emission Automobile
Designers* 17-2141.00 Mechanical Engineers
Senior Automotive Power Electronics
Engineers* 17-2072.00 Electronics Engineers, Except Computer
Train System Operators 11-3071.01 Transportation Managers
Transportation, Warehousing, and Logistics
Technicians* 43-5071.00 Shipping, Receiving, and Traffic Clerks
Truck Drivers, Heavy and Tractor Trailer 53-3032.00 Truck Drivers, Heavy and Tractor-Trailer

* denotes occupations that are linked to multiple sectors
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SECTOR lll: ENERGY EFFICIENCY

This table includes reported green jobs/occupations identified in publications and internet sources that
are related to existing O*NET-SOC occupations classified as “green enhanced skills” occupations

Reported Occupation O*NET-SOC Code O*NET-SOC Occupation

Building and Facilities Managers 11-1021.00 General and Operations Managers
Building Control Operators 49-9042.00 Maintenance and Repair Workers, General
Building Maintenance Engineers 49-9042.00 Maintenance and Repair Workers, General
Driver Retraining Instructors*® 13-1073.00 Training and Development Specialists
Energy Efficiency Finance Managers* 13-2051.00 Financial Analysts
Ground Water/Heat Pump Contractors or Heating and Air Conditioning Mechanics and
Installers* 49-9021.01 Installers
Heating Engineers* 17-2141.00 Mechanical Engineers

Heating and Air Conditioning Mechanics and
Heating/Air Conditioning Installers* 49-9021.01 Installers
HVAC Engineers* 17-2141.00 Mechanical Engineers
HVAC Operations and Maintenance Heating and Air Conditioning Mechanics and
Technicians 49-9021.01 Installers
HVAC Sensor and Digital Control Designers
(Servomechanism)* 17-2141.00 Mechanical Engineers
Senior HVAC Engineers” 17-2141.00 Mechanical Engineers
Smart Grid Engineers 17-2071.00 Electrical Engineers

Transportation Vehicle, Equipment and
Vehicle Inspectors* 53-6051.07 Systems Inspectors, Except Aviation

* denotes occupations that are linked to multiple sectors
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SECTOR IV: GREEN CONSTRUCTION

This table includes reported green jobs/occupations identified in publications and internet sources that
are related to existing O*NET-SOC occupations classified as “green enhanced skills” occupations

Reported Occupation O*NET-SOC Code O*NET-SOC Occupation
Biofuels Plant Construction Workers 47-2061.00 Construction Laborers
Building Inspectors™ 47-4011.00 Construction and Building Inspectors
Civil Engineers* 17-2051.00 Civil Engineers
Commercial Green Building and Retrofit
Architects 17-1011.00 Architects, Except Landscape and Naval
Construction Laborer 47-2061.00 Construction Laborers
Construction Laborers 47-2061.00 Construction Laborers
Construction Managers 11-9021.00 Construction Managers
Cool Roofing Installers 47-2181.00 Roofers
Energy Efficient Site Foremen 11-9021.00 Construction Managers
Energy Infrastructure Engineers 17-2051.00 Civil Engineers
Environmental Construction Engineers* 11-9021.00 Construction Managers
Environmental Maintenance Workers* 49-9042.00 Maintenance and Repair Workers, General
Equipment Operator/Controls Operators 51-8013.00 Power Plant Operators
Green Building Architects 17-1011.00 Architects, Except Landscape and Naval
Green Building Design Specialists 17-1011.00 Architects, Except Landscape and Naval
Green Building Designers (commercial and
residential) 17-1011.00 Architects, Except Landscape and Naval
Green Material Construction Trade Instructors® 13-1073.00 Training and Development Specialists
Green Material Value-Added Assessors* 13-2051.00 Financial Analysts
Green Plumbers and Pipefitters 47-2152.01 Pipe Fitters and Steamfitters
Green Plumbers and Pipefitters 47-2152.02 Plumbers
Ground Water/Heat Pump Contractors or Heating and Air Conditioning Mechanics and
Installers* 49-9021.01 Installers
Hazardous Materials Handlers* 47-4041.00 Hazardous Materials Removal Workers

* denotes occupations that are linked to multiple sectors
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Reported Occupation O*NET-SOC Code O*NET-SOC Occupation

Heating Engineers* 17-2141.00 Mechanical Engineers
Heating and Air Conditioning Mechanics and

Heating/Air Conditioning Installers* 49-9021.01 Installers
HVAC Engineers* 17-2141.00 Mechanical Engineers
HVAC Sensor and Digital Control Designers
(Servomechanism)* 17-2141.00 Mechanical Engineers
Hydro-electric Plant Structural Engineers 17-2051.00 Civil Engineers
Industrial Green Systems and Retrofit
Designers 17-2141.00 Mechanical Engineers
Infrastructure/Construction Technicians 47-4011.00 Construction and Building Inspectors
Nuclear Plant Construction Workers 47-2061.00 Construction Laborers
Plumbers, Pipefitters and Steamfitters 47-2152.01 Pipe Fitters and Steamfitters
Plumbers, Pipefitters and Steamfitters 47-2152.02 Plumbers
Program Managers - Environmental
Construction 11-9021.00 Construction Managers
Residential Green Building and Retrofit
Architects 17-1011.00 Architects, Except Landscape and Naval
Roofers 47-2181.00 Roofers
Senior HVAC Engineers” 17-2141.00 Mechanical Engineers
Sheet Metal Workers™ 47-2211.00 Sheet Metal Workers
Site Supervising Technical Operators 11-9021.00 Construction Managers
Solar Commercial Installation Electrician
Foremen 11-9021.00 Construction Managers
Solar Installation Manager/Project Foremen 11-9021.00 Construction Managers
Structural Design Engineers 17-2051.00 Civil Engineers
Sustainable Communities Designers* 19-3051.00 Urban and Regional Planners
Sustainable Landscape Architects*® 17-1012.00 Landscape Architects
Wastewater Plant Civil Engineers* 17-2051.00 Civil Engineers
Water Purification Systems Service
Technicians 49-9042.00 Maintenance and Repair Workers, General
Water Systems Designers and Engineers 17-2051.00 Civil Engineers
Weatherization Operations Managers 11-9021.00 Construction Managers

* denotes occupations that are linked to multiple sectors
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Reported Occupation

O*NET-SOC Code

O*NET-SOC Occupation

Wind Farm Electrical Systems Designers*

17-2071.00

Electrical Engineers

* denotes occupations that are linked to multiple sectors

National Center for O*NET Development

Page 71 of 119




SECTOR V: ENERGY TRADING

Note: At the time of this research, there were no reported jobs/occupations in the researched green
reports and internet sources that were related to existing O*NET-SOC occupations classified as “green
enhanced skills” occupations, within this sector.
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SECTOR VI: ENERGY AND CARBON CAPTURE AND STORAGE

This table includes reported green jobs/occupations identified in publications and internet sources that
are related to existing O*NET-SOC occupations classified as “green enhanced skills” occupations

Reported Occupation

O*NET-SOC Code

O*NET-SOC Occupation

Carbon Capture Power Plant Installation,
Operations, Engineering and Management
Staff - General

51-8013.00

Power Plant Operators

Carbon Sequestration Plant Installation,
Operations, Engineering and Management
Staff - General

51-8013.00

Power Plant Operators

* denotes occupations that are linked to multiple sectors
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SECTOR VII: RESEARCH, DESIGN, AND CONSULTING SERVICES

This table includes reported green jobs/occupations identified in publications and internet sources that
are related to existing O*NET-SOC occupations classified as “green enhanced skills” occupations

Reported Occupation O*NET-SOC Code O*NET-SOC Occupation

Alternative Financing Specialists/Government
Incentives* 13-2051.00 Financial Analysts
Civil Engineers* 17-2051.00 Civil Engineers
Climate Change Risk Assessors* 19-2021.00 Atmospheric and Space Scientists
Climatologists* 19-2021.00 Atmospheric and Space Scientists
Driver Retraining Instructors*® 13-1073.00 Training and Development Specialists
Electrical Engineers 17-2071.00 Electrical Engineers
Energy Efficiency Finance Managers* 13-2051.00 Financial Analysts

Geoscientists, Except Hydrologists and
Engineering Geologists 19-2042.00 Geographers
Environmental Communications Specialists* 27-3031.00 Public Relations Specialists
Environmental Conflict Managers™ 23-1022.00 Arbitrators, Mediators, and Conciliators
Environmental Engineering Managers* 11-9041.00 Engineering Managers
Environmental Journalists* 27-3022.00 Reporters and Correspondents
Fuel-Efficient Aircraft Designers* 17-2011.00 Aerospace Engineers
Fuel-Efficient/Low-Emission Automobile
Designers* 17-2141.00 Mechanical Engineers

Geoscientists, Except Hydrologists and
Geologists and Hydrogeologists* 19-2042.00 Geographers
Geology Technicians 19-4041.01 Geophysical Data Technicians
Geology Technicians 19-4041.02 Geological Sample Test Technicians
Green Building Materials Designers 17-1011.00 Architects, Except Landscape and Naval

* denotes occupations that are linked to multiple sectors
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Reported Occupation O*NET-SOC Code O*NET-SOC Occupation
Green Jobs Trainers 13-1073.00 Training and Development Specialists
Green Material Construction Trade Instructors® 13-1073.00 Training and Development Specialists
Green Material Value-Added Assessors* 13-2051.00 Financial Analysts
Nuclear Waste Management Engineers™ 17-2161.00 Nuclear Engineers
Renewable Energy System Finance
Specialists 13-2051.00 Financial Analysts
Sales Representatives, Wholesale and
Residential/Commercial Solar Sales Manufacturing, Technical and Scientific
Consultants 41-4011.00 Products
Sales and Marketing Staff for Sustainable
Products 11-2021.00 Marketing Managers
Sales Representatives, Wholesale and
Manufacturing, Technical and Scientific
Sales representatives (utility and private) 41-4011.00 Products
Sales Representatives, Wholesale and Sales Representatives, Wholesale and
Manufacturing, Technical and Scientific Manufacturing, Technical and Scientific
products 41-4011.00 Products
Senior Automotive Power Electronics
Engineers* 17-2072.00 Electronics Engineers, Except Computer
Socially Responsible Investment Advisers 13-2052.00 Personal Financial Advisors
Sales Representatives, Wholesale and
Manufacturing, Technical and Scientific
Solar Sales Representatives/Estimators 41-4011.00 Products
Sustainability Communicators 27-3031.00 Public Relations Specialists
Wholesale and Retail Buyers, Except Farm
Sustainability Purchasing Agents 13-1022.00 Products
Sustainable Communities Designers* 19-3051.00 Urban and Regional Planners
Sustainable Development Policy Analysts™ 19-3051.00 Urban and Regional Planners
Transportation, Warehousing, and Logistics
Technicians™ 43-5071.00 Shipping, Receiving, and Traffic Clerks
Urban Renewal Managers* 19-3051.00 Urban and Regional Planners

* denotes occupations that are linked to multiple sectors
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SECTOR VIiI: ENVIRONMENT PROTECTION

This table includes reported green jobs/occupations identified in publications and internet sources that
are related to existing O*NET-SOC occupations classified as “green enhanced skills” occupations

Reported Occupation O*NET-SOC Code O*NET-SOC Occupation

Air Pollution Specialists 17-3025.00 Environmental Engineering Technicians

Climate Change Risk Assessors* 19-2021.00 Atmospheric and Space Scientists

Climatologists™ 19-2021.00 Atmospheric and Space Scientists

Conservation of Resources Commissioners* 19-1031.01 Soil and Water Conservationists

Conservation Policy Analysts and Advocates* 19-1031.01 Soil and Water Conservationists

Environment Friendly Landscape Designers™ 17-1012.00 Landscape Architects

Environmental Communications Specialists* 27-3031.00 Public Relations Specialists

Environmental Construction Engineers* 11-9021.00 Construction Managers

Environmental Engineering Managers™ 11-9041.00 Engineering Managers

Environmental Engineers 17-2081.00 Environmental Engineers

Environmental Journalists™ 27-3022.00 Reporters and Correspondents

Environmental Maintenance Workers* 49-9042.00 Maintenance and Repair Workers, General

Environmental Planners 19-1031.01 Soil and Water Conservationists
Environmental Science and Protection

Environmental Sampling Technicians 19-4091.00 Technicians, Including Health

Environmental Technicians 17-3025.00 Environmental Engineering Technicians
Geoscientists, Except Hydrologists and

Geologists and Hydrogeologists* 19-2042.00 Geographers

Hazardous Materials Removal Workers 47-4041.00 Hazardous Materials Removal Workers

Hazardous Waste Management Specialists* 17-2081.00 Environmental Engineers

Restoration Ecologists 19-1031.01 Soil and Water Conservationists

Senior Environmental Consultants 17-2081.00 Environmental Engineers

Soil Conservationists 19-1031.01 Soil and Water Conservationists

Water Pollution Control Technicians 17-3025.00 Environmental Engineering Technicians

* denotes occupations that are linked to multiple sectors
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SECTOR IX: AGRICULTURE AND FORESTRY

This table includes reported green jobs/occupations identified in publications and internet sources that
are related to existing O*NET-SOC occupations classified as “green enhanced skills” occupations

Reported Occupation

O*NET-SOC Code

O*NET-SOC Occupation

Energy Crop Farmers 11-9012.00 Farmers and Ranchers
Environment Friendly Landscape Designers™ 17-1012.00 Landscape Architects

Indoor and Outdoor Landscape Architects 17-1012.00 Landscape Architects
Landscaping and Urban Gardening Specialists 19-4011.01 Agricultural Technicians
Permaculture Designers/Contractors 19-4011.01 Agricultural Technicians

Solid Waste (Energy) Engineers/Managers 11-1021.00 General and Operations Managers
Sustainable Agriculture Specialists 19-4011.01 Agricultural Technicians
Sustainable Landscape Architects 17-1012.00 Landscape Architects

* denotes occupations that are linked to multiple sectors
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SECTOR X: MANUFACTURING

This table includes reported green jobs/occupations identified in publications and internet sources that
are related to existing O*NET-SOC occupations classified as “green enhanced skills” occupations

Reported Occupation O*NET-SOC Code O*NET-SOC Occupation
Ethanol Maintenance Mechanics 49-9042.00 Maintenance and Repair Workers, General
Inspectors, Testers, Sorters, Samplers, and
Fuel Testing/Verification Technicians 51-9061.00 Weighers
Aircraft Structure, Surfaces, Rigging, and
Fuel-Efficient Aircraft Construction Workers 51-2011.00 Systems Assemblers
Sales Representatives, Wholesale and
Green Building/Recyclable Materials Manufacturing, Technical and Scientific
Distributors 41-4011.00 Products
Hydro-electric Component Machinists 51-4041.00 Machinists
Machinists 51-4041.00 Machinists
Plant Technical Specialists - Safety Equipment
Testing 29-9012.00 Occupational Health and Safety Technicians
PV Fabrication and Testing Technicians 17-3024.00 Electro-Mechanical Technicians
Separating, Filtering, Clarifying, Precipitating
and Still Machine Setters, Operators, and
Separating and Filtering Operators 51-9012.00 Tenders
Sheet Metal Workers™ 47-2211.00 Sheet Metal Workers
Shipping, receiving and traffic clerks 43-5071.00 Shipping, Receiving, and Traffic Clerks
Solar Hot Water Heater Manufacturing
Technicians 17-3026.00 Industrial Engineering Technicians
Solar Lab Technicians 17-3023.03 Electrical Engineering Technicians
Wind Turbine Machinists 51-4041.00 Machinists
Wind Turbine Sheet Metal Workers 47-2211.00 Sheet Metal Workers

* denotes occupations that are linked to multiple sectors
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SECTOR XI: RECYCLING AND WASTE REDUCTION

This table includes reported green jobs/occupations identified in publications and internet sources that
are related to existing O*NET-SOC occupations classified as “green enhanced skills” occupations

Reported Occupation O*NET-SOC Code O*NET-SOC Occupation
Hazardous Materials Handlers* 47-4041.00 Hazardous Materials Removal Workers
Recycling Collections Drivers 53-7081.00 Refuse and Recyclable Material Collectors

* denotes occupations that are linked to multiple sectors
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SECTOR XlI: GOVERNMENTAL AND REGULATORY ADMINISTRATION

This table includes reported green jobs/occupations identified in publications and internet sources that
are related to existing O*NET-SOC occupations classified as “green enhanced skills” occupations

Reported Occupation O*NET-SOC Code O*NET-SOC Occupation

Alternative Financing Specialists/Government

Incentives™ 13-2051.00 Financial Analysts

Building Inspectors™ 47-4011.00 Construction and Building Inspectors

Code Inspectors (municipal, county and state) 47-4011.00 Construction and Building Inspectors

Conservation of Resources Commissioners* 19-1031.01 Soil and Water Conservationists

Conservation Policy Analysts and Advocates* 19-1031.01 Soil and Water Conservationists

Environmental Conflict Managers* 23-1022.00 Arbitrators, Mediators, and Conciliators
Inspectors, Testers, Sorters, Samplers, and

Fuel Testing/Verification Technicians™ 51-9061.00 Weighers

Hazardous Waste Management Specialists* 17-2081.00 Environmental Engineers

Nuclear Waste Management Engineers™ 17-2161.00 Nuclear Engineers

Permit Specialists 47-4011.00 Construction and Building Inspectors

Sustainable Development Policy Analysts™ 19-3051.00 Urban and Regional Planners

Urban Planners 19-3051.00 Urban and Regional Planners

Urban Renewal Managers* 19-3051.00 Urban and Regional Planners
Transportation Vehicle, Equipment and

Vehicle Inspectors* 53-6051.07 Systems Inspectors, Except Aviation

* denotes occupations that are linked to multiple sectors
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Appendix C: Candidate N&E Occupations Classified as
“Green N&E” Occupations, Organized by Sector

The following tables include:

e (Candidate new and emerging green economy occupations (n = 46)
classified as “green N&E” occupations, organized by sector.

e O*NET-SOC N&E occupations identified in previous research of in-
demand industry clusters (n = 45) classified as “green N&E”
occupations, organized by sector.
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SECTOR I: RENEWABLE ENERGY GENERATION

This table includes candidate new and emerging green economy occupations and N&E occupations

from previous research classified as “green N&E” occupations

New & Emerging Occupation

Description

Biofuels/Biodiesel Technology and Product Development Managers

Define, plan, or execute biofuels/biodiesel research programs that
evaluate alternative feedstock and process technologies with near-term
commercial potential.

Biofuels Production Managers

Manage operations at biofuels power generation facilities. Collect and
process information on plant performance, diagnose problems, and
design corrective procedures.

Biofuels Processing Technicians

Calculate, measure, load, mix, and process refined feedstock with
additives in fermentation or reaction process vessels and monitor
production process. Perform, and keep records of, plant maintenance,
repairs, and safety inspections.

Biomass Plant Engineers

Design plants that generate electricity from the combustion of biomass.

Biomass Production Managers

Manage operations at biomass power generation facilities. Direct work
activities at plant, including supervision of operations and maintenance
staff.

Biomass Plant Technicians

Control and monitor biomass plant activities and perform maintenance
as needed.

Geothermal Production Managers

Manage operations at geothermal power generation facilities. Maintain
and monitor geothermal plant equipment for efficient and safe plant
operations.

Geothermal Technicians

Perform technical activities at power plants or individual installations
necessary for the generation of power from geothermal energy sources.
Monitor and control operating activities at geothermal power generation
facilities and perform maintenance and repairs as necessary. Install,
test, and maintain residential and commercial geothermal heat pumps.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.

* denotes occupations that are linked to multiple sectors
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New & Emerging Occupation

Description

Hydroelectric Plant Technicians

Monitor and control activities associated with hydropower generation.
Operate plant equipment, such as turbines, pumps, valves, gates, fans,
electric control boards, and battery banks. Monitor equipment operation
and performance and make necessary adjustments to ensure optimal
performance. Perform equipment maintenance and repair as
necessary.

Hydroelectric Production Managers

Manage operations at hydroelectric power generation facilities.
Maintain and monitor hydroelectric plant equipment for efficient and
safe plant operations.

Methane Capturing System Engineers/Installers/Project Managers

Design gas recovery systems and oversee installation and development
process, including recovery modeling, permitting, specifications
preparation and project oversight. Develop client relationships and
arrange for sales of energy.

Methane/Landfill Gas Collection System Operators

Direct daily operations, maintenance, or repair of landfill gas projects,
including maintenance of daily logs, determination of service priorities,
and compliance with reporting requirements.

Methane/Landfill Gas Generation System Technicians

Monitor, operate, and maintain landfill gas collection system
components and environmental monitoring and control systems.

Solar Energy Installation Managers

Direct work crews installing residential or commercial solar photovoltaic
or thermal systems.

Solar Photovoltaic Installers

Assemble, install, or maintain solar photovoltaic (PV) systems on roofs
or other structures in compliance with site assessment and schematics.
May include measuring, cutting, assembling, and bolting structural
framing and solar modules. May perform minor electrical work such as
current checks.

Solar Power Plant Technicians

Monitor and repair the instrumentation, controls, and electrical systems
in a utility-scale solar power generating facility.

Solar Sales Representatives and Assessors

Contact new or existing customers to determine their solar equipment
needs, suggest systems or equipment, or estimate costs.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.

* denotes occupations that are linked to multiple sectors
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New & Emerging Occupation

Description

Solar Energy Systems Engineers

Perform site-specific engineering analysis or evaluation of energy
efficiency and solar projects involving residential, commercial, or
industrial customers. Design solar domestic hot water and space
heating systems for new and existing structures, applying knowledge of
structural energy requirements, local climates, solar technology, and
thermodynamics.

Solar Thermal Installers and Technicians

Install or repair solar energy systems designed to collect, store, and
circulate solar-heated water for residential, commercial or industrial use.

Solar Thermoelectric Plant/Concentrating Thermal Power (CSP) Plant
Operators

Direct the operations of a commercial solar-generated power production
plant.

Wind Energy Operations Managers

Manage wind field operations, including personnel, maintenance
activities, financial activities, and planning.

Wind Energy Project Managers

Lead or manage the development and evaluation of potential wind
energy business opportunities, including environmental studies,
permitting, and proposals. May also manage construction of projects.

Wind Energy Engineers

Design underground or overhead wind farm collector systems and
prepare and develop site specifications.

Wind Turbine Service Technicians

Inspect, diagnose, adjust, or repair wind turbines. Perform
maintenance on wind turbine equipment including resolving electrical,
mechanical, and hydraulic malfunctions.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.

* denotes occupations that are linked to multiple sectors
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SECTOR II: TRANSPORTATION

This table includes candidate new and emerging green economy occupations and N&E occupations
from previous research classified as “green N&E” occupations

New & Emerging Occupation Description

Assist engineers in determining the practicality of proposed product
design changes, and plan and carry out tests on experimental test
Automotive Engineering Technicians devices and equipment for performance, durability and efficiency.

Develop new or improved designs for vehicle structural members,
engines, transmissions and other vehicle systems, using computer-
assisted design technology. Direct building, modification, and testing of
Automotive Engineers* vehicle and components.

Research rates, routings, or modes of transport for shipment of
products. Maintain awareness of regulations affecting the international
movement of cargo. Make arrangements for additional services such

Freight Forwarders as storage and inland transportation.
Design, evaluate, modify, and construct fuel cell components and
Fuel Cell Engineers™ systems for transportation, stationary, or portable applications.
Install, operate, and maintain integrated fuel cell systems in
Fuel Cell Technicians transportation, stationary, or portable applications.

Analyze product delivery or supply chain processes to identify or
recommend changes. May manage route activity including invoicing,
Logistics Analysts* electronic bills, and shipment tracing.

Design and analyze operational solutions for projects such as
transportation optimization, network modeling, process and methods
analysis, cost containment, capacity enhancement, routing and
Logistics Engineers* shipment optimization, and information management.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.
*denotes occupations that are linked to multiple sectors
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New & Emerging Occupation

Description

Logistics Managers*

Plan, direct, or coordinate purchasing, warehousing, distribution,
forecasting, customer service, or planning services. Manage logistics
personnel and logistics systems and direct daily operations.

Supply Chain Managers*

Direct, or coordinate production, purchasing, warehousing, distribution,
or financial forecasting services and activities to limit costs and improve
accuracy, customer service and safety. Examine existing procedures
and opportunities for streamlining activities to meet product distribution
needs. Direct the movement, storage, and processing of inventory.

Transportation Engineers*

Develop plans for surface transportation projects according to
established engineering standards and state or federal construction
policy. Prepare plans, estimates, or specifications to design
transportation facilities. Plan alterations and modifications of existing
streets, highways, or freeways to improve traffic flow.

Transportation Planners™

Prepare studies for proposed transportation projects. Gather, compile,
and analyze data. Study the use and operation of transportation
systems. Develop transportation models or simulations.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.

* denotes occupations that are linked to multiple sectors
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SECTOR lll: ENERGY EFFICIENCY

This table includes candidate new and emerging green economy occupations and N&E occupations

from previous research classified as “green N&E” occupations

New & Emerging Occupation

Description

Energy Auditors*

Conduct energy audits of buildings, building systems and process
systems. May also conduct investment grade audits of buildings or
systems.

Energy Engineers”

Design, develop, and evaluate energy-related projects and programs to
reduce energy costs or improve energy efficiency during the designing,
building, or remodeling stages of construction. May specialize in
electrical systems; heating, ventilation, and air-conditioning (HVAC)
systems; green buildings; lighting; air quality; or energy procurement.

Testing Adjusting and Balancing TAB Technicians

Test, adjust, and balance HVAC systems so they perform as designed.

Weatherization Installers and Technicians

Perform a variety of activities to weatherize homes and make them
more energy efficient. Duties include repairing windows, insulating
ducts, and performing heating, ventilating, and air-conditioning (HVAC)
work. May perform energy audits and advise clients on energy
conservation measures.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.

* denotes occupations that are linked to multiple sectors
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SECTOR IV: GREEN CONSTRUCTION

This table includes candidate new and emerging green economy occupations and N&E occupations

from previous research classified as “green N&E” occupations

New & Emerging Occupation

Description

Energy Engineers™

Design, develop, and evaluate energy-related projects and programs to
reduce energy costs or improve energy efficiency during the designing,
building, or remodeling stages of construction. May specialize in
electrical systems; heating, ventilation, and air-conditioning (HVAC)
systems; green buildings; lighting; air quality; or energy procurement.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.

* denotes occupations that are linked to multiple sectors
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SECTOR V: ENERGY TRADING

This table includes candidate new and emerging green economy occupations and N&E occupations

from previous research classified as “green N&E” occupations

New & Emerging Occupation

Description

Carbon Credit Traders

Represent companies in the sale and purchase of carbon emissions
permits.

Carbon Trading Analysts

Analyze pricing and risks of carbon trading products; develop solutions
to help clients hedge carbon exposure and risk.

Energy Brokers

Purchase or sell energy for customers.

Investment Underwriters™

Intermediate between corporate issuers of securities and clients
regarding private equity investments. Underwrite the issuance of
securities to provide capital for client growth. Negotiate and structure
the terms of mergers and acquisitions.

Securities and Commodities Traders*

Buy and sell securities and commodities to transfer debt, capital, or risk.
Establish and negotiate unit prices and terms of sale.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.

* denotes occupations that are linked to multiple sectors
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SECTOR VI: ENERGY AND CARBON CAPTURE AND STORAGE

This table includes candidate new and emerging green economy occupations and N&E occupations

from previous research classified as “green N&E” occupations

New & Emerging Occupation

Description

Carbon Capture and Sequestration Systems Installers

Install and maintain carbon energy capture or carbon sequestration

facilities.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.

* denotes occupations that are linked to multiple sectors
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SECTOR VII: RESEARCH, DESIGN, AND CONSULTING SERVICES

This table includes candidate new and emerging green economy occupations and N&E occupations
from previous research classified as “green N&E” occupations

New & Emerging Occupation Description

Develop new or improved designs for vehicle structural members,
engines, transmissions and other vehicle systems, using computer-
assisted design technology. Direct building, modification, and testing of
Automotive Engineers* vehicle and components.

Apply knowledge of biology, chemistry, and engineering to develop
usable, tangible products. Solve problems related to materials, systems
and processes that interact with humans, plants, animals,

Biochemical Engineers* microorganisms, and biological materials.

Apply engineering theory and technical skills to support electrical
engineering activities such as process control, electrical power
distribution, and instrumentation design. Prepare layouts of machinery
and equipment, plan the flow of work, conduct statistical studies and
Electrical Engineering Technologists* analyze production costs.

Apply engineering theory and technical skills to support
electromechanical engineering activities such as computer-based
process control, instrumentation, and machine design. Prepare layouts
of machinery and equipment, plan the flow of work, conduct statistical
Electromechanical Engineering Technologists* studies and analyze production costs.

Apply engineering theory and technical skills to support electronics
engineering activities such as electronics systems and instrumentation
Electronics Engineering Technologists* design and digital signal processing.

Design, develop, and evaluate energy-related projects and programs to
reduce energy costs or improve energy efficiency during the designing,
building, or remodeling stages of construction. May specialize in
electrical systems; heating, ventilation, and air-conditioning (HVAC)
Energy Engineers” systems; green buildings; lighting; air quality; or energy procurement.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.
* denotes occupations that are linked to multiple sectors
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New & Emerging Occupation Description

Develop quantitative financial products used to inform individuals and
financial institutions engaged in saving, lending, investing, borrowing, or
managing risk. Investigate methods for financial analysis to create
mathematical models used to develop improved analytical tools and

Financial Quantitative Analysts* advanced financial investment instruments.
Design, evaluate, modify, and construct fuel cell components and
Fuel Cell Engineers*™ systems for transportation, stationary, or portable applications.

Assist scientists, technologists, and related professionals in building,
maintaining, modifying, and using geographic information systems
(GIS) databases. May also perform some custom application
Geographic Information Systems Technicians development and provide user support.

Research and develop geospatial technologies. May produce
databases, perform applications programming or coordinate projects.
May specialize in areas such as agriculture, mining, health care, retail
Geospatial Information Scientists and Technologists trade, urban planning or military intelligence.

Green Marketers Create and implement methods to market green products and services.

Apply engineering theory and technical skills to support industrial
engineering activities such as quality control, inventory control and
material flow methods. May conduct statistical studies and analyze
Industrial Engineering Technologists™ production costs.

Intermediate between corporate issuers of securities and clients
regarding private equity investments. Underwrite the issuance of
securities to provide capital for client growth. Negotiate and structure
Investment Underwriters* the terms of mergers and acquisitions.

Analyze product delivery or supply chain processes to identify or
recommend changes. May manage route activity including invoicing,
Logistics Analysts* electronic bills, and shipment tracing.

Design and analyze operational solutions for projects such as
transportation optimization, network modeling, process and methods
analysis, cost containment, capacity enhancement, routing and
Logistics Engineers™ shipment optimization, and information management.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.
* denotes occupations that are linked to multiple sectors
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New & Emerging Occupation Description

Plan, direct, or coordinate purchasing, warehousing, distribution,
forecasting, customer service, or planning services. Manage logistics
Logistics Managers* personnel and logistics systems and direct daily operations.

Apply engineering theory and technical skills to support manufacturing
engineering activities. Develop tools, implement designs and integrate
machinery, equipment and computer technologies to ensure effective
Manufacturing Engineering Technologists* manufacturing processes.

Apply knowledge of materials and engineering theory and methods to
design, integrate, and improve manufacturing systems or related
processes. May work with commercial or industrial designers to refine
Manufacturing Engineers* product designs to increase producibility and decrease costs.

Apply knowledge of manufacturing engineering systems and tools to set
up, test, and adjust manufacturing machinery and equipment, using any
combination of electrical, electronic, mechanical, hydraulic, pneumatic
Manufacturing Production Technicians™ and computer technologies.

Apply engineering theory and technical skills to support mechanical
engineering activities such as generation, transmission and use of
mechanical and fluid energy. Prepare layouts of machinery and
equipment and plan the flow of work. May conduct statistical studies
Mechanical Engineering Technologists™ and analyze production costs.

Apply knowledge of mechanical, electrical, and computer engineering
theory and methods to the design of automation, intelligent systems,
Mechatronics Engineers* smart devices, or industrial systems control.

Apply knowledge of electronic and mechanical engineering theory and
methods, as well as specialized manufacturing technologies, to design
Microsystems Engineers™ and develop microelectromechanical systems (MEMS) devices.

Design, develop, and supervise the production of materials, devices,
and systems of unique molecular or macromolecular composition,
applying principles of nanoscale physics and electrical, chemical, and
Nanosystems Engineers* biological engineering.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.
* denotes occupations that are linked to multiple sectors
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New & Emerging Occupation Description

Implement production processes for nanoscale designs to produce and
modify materials, devices, and systems of unique molecular or
macromolecular composition. Operate advanced microscopy equipment
to manipulate nanoscale objects. Work under the supervision of

Nanotechnology Engineering Technologists* engineering staff.
Apply knowledge of engineering and mathematical theory and methods
Photonics Engineers* to design technologies specializing in light information and light energy.

Build, install, test, and maintain optical and fiber optic equipment such
as lasers, lenses and mirrors using spectrometers, interferometers, or
Photonics Technicians* related equipment.

Apply geospatial technologies, including geographic information
systems (GIS) and Global Positioning System (GPS), to agricultural
production and management activities, such as pest scouting, site-
specific pesticide application, yield mapping, and variable-rate irrigation.
May use computers to develop and analyze maps and remote sensing
images to compare physical topography with data on soils, fertilizer,
Precision Agriculture Technicians* pests or weather.

Apply remote sensing principles and methods to analyze data and solve
problems in areas such as natural resource management, urban
planning, and homeland security. May develop new analytical
techniques and sensor systems or develop new applications for existing
Remote Sensing Scientists and Technologists systems.

Apply remote sensing technologies to assist scientists in areas such as
natural resources, urban planning, and homeland security. May prepare
Remote Sensing Technicians flight plans and sensor configurations for flight trips.

Analyze and make decisions on risk management issues by identifying,
measuring and managing operational and enterprise risks for an

Risk Management Specialists organization.
Robotics Engineers* Research, design, develop, and test robotic applications.

Build, install, test, and maintain robotic equipment or related automated
Robotics Technicians™ production systems.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.
*denotes occupations that are linked to multiple sectors
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New & Emerging Occupation

Description

Securities and Commodities Traders*

Buy and sell securities and commodities to transfer debt, capital, or risk.
Establish and negotiate unit prices and terms of sale.

Supply Chain Managers*

Direct, or coordinate production, purchasing, warehousing, distribution,
or financial forecasting services and activities to limit costs and improve
accuracy, customer service and safety. Examine existing procedures
and opportunities for streamlining activities to meet product distribution
needs. Direct the movement, storage, and processing of inventory.

Transportation Engineers*

Develop plans for surface transportation projects according to
established engineering standards and state or federal construction
policy. Prepare plans, estimates, or specifications to design
transportation facilities. Plan alterations and modifications of existing
streets, highways, or freeways to improve traffic flow.

Transportation Planners™

Prepare studies for proposed transportation projects. Gather, compile,
and analyze data. Study the use and operation of transportation
systems. Develop transportation models or simulations.

Validation Engineers*

Design and plan protocols for equipment and processes to produce
products meeting internal and external purity, safety, and quality
requirements.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.

* denotes occupations that are linked to multiple sectors
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SECTOR VIiI: ENVIRONMENT PROTECTION

This table includes candidate new and emerging green economy occupations and N&E occupations
from previous research classified as “green N&E” occupations

New & Emerging Occupation Description

Participate in planning and directing cleanup and redevelopment of
contaminated properties for reuse. Does not include properties
Brownfield Redevelopment Specialists and Site Managers sufficiently contaminated to qualify as Superfund sites.

Research and analyze policy developments related to climate change.
Make climate-related recommendations for actions such as legislation,
Climate Change Analysts awareness campaigns, or fundraising approaches.

Collaborate with field and biology staff to oversee the implementation of
restoration projects and to develop new products. Process and
synthesize complex scientific data into practical strategies for

Environmental Restoration Planners restoration, monitoring or management.

Guide clients such as manufacturers, organic farms, and timber
Environmental Certification Specialists companies through the process of being certified as green.

Assess and quantify the benefits of environmental alternatives, such as
Environmental Economists use of renewable energy resources.

Study or investigate industrial production and natural ecosystems to
achieve high production, sustainable resources, and environmental
safety or protection. May apply principles and activities of natural

Industrial Ecologists ecosystems to develop models for industrial systems.
Design or implement programs and strategies related to water resource
Water Resource Specialists issues such as supply, quality, and regulatory compliance issues.

Design or oversee projects involving provision of fresh water, disposal
of wastewater and sewage, or prevention of flood-related damage.
Prepare environmental documentation for water resources, regulatory
program compliance, data management and analysis, and field work.
Water/Wastewater Engineers Perform hydraulic modeling and pipeline design.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.
* denotes occupations that are linked to multiple sectors
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SECTOR IX: AGRICULTURE AND FORESTRY

This table includes candidate new and emerging green economy occupations and N&E occupations

from previous research classified as “green N&E” occupations

New & Emerging Occupation

Description

Precision Agriculture Technicians*

Apply geospatial technologies, including geographic information
systems (GIS) and Global Positioning System (GPS), to agricultural
production and management activities, such as pest scouting, site-
specific pesticide application, yield mapping, and variable-rate irrigation.
May use computers to develop and analyze maps and remote sensing
images to compare physical topography with data on soils, fertilizer,
pests or weather.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.

* denotes occupations that are linked to multiple sectors
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SECTOR X: MANUFACTURING

This table includes candidate new and emerging green economy occupations and N&E occupations
from previous research classified as “green N&E” occupations

New & Emerging Occupation Description

Apply knowledge of biology, chemistry, and engineering to develop
usable, tangible products. Solve problems related to materials, systems
and processes that interact with humans, plants, animals,

Biochemical Engineers* microorganisms, and biological materials.

Apply engineering theory and technical skills to support electrical
engineering activities such as process control, electrical power
distribution, and instrumentation design. Prepare layouts of machinery
and equipment, plan the flow of work, conduct statistical studies and
Electrical Engineering Technologists* analyze production costs.

Apply engineering theory and technical skills to support
electromechanical engineering activities such as computer-based
process control, instrumentation, and machine design. Prepare layouts
of machinery and equipment, plan the flow of work, conduct statistical
Electromechanical Engineering Technologists* studies and analyze production costs.

Apply engineering theory and technical skills to support electronics
engineering activities such as electronics systems and instrumentation
Electronics Engineering Technologists* design and digital signal processing.

Apply engineering theory and technical skills to support industrial
engineering activities such as quality control, inventory control and
material flow methods. May conduct statistical studies and analyze
Industrial Engineering Technologists™ production costs.

Analyze product delivery or supply chain processes to identify or
recommend changes. May manage route activity including invoicing,
Logistics Analysts* electronic bills, and shipment tracing.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.
* denotes occupations that are linked to multiple sectors
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New & Emerging Occupation Description

Design and analyze operational solutions for projects such as
transportation optimization, network modeling, process and methods
analysis, cost containment, capacity enhancement, routing and
Logistics Engineers™ shipment optimization, and information management.

Plan, direct, or coordinate purchasing, warehousing, distribution,
forecasting, customer service, or planning services. Manage logistics
Logistics Managers™ personnel and logistics systems and direct daily operations.

Apply engineering theory and technical skills to support manufacturing
engineering activities. Develop tools, implement designs and integrate
machinery, equipment and computer technologies to ensure effective

Manufacturing Engineering Technologists* manufacturing processes.

Apply knowledge of materials and engineering theory and methods to
design, integrate, and improve manufacturing systems or related
processes. May work with commercial or industrial designers to refine
Manufacturing Engineers* product designs to increase producibility and decrease costs.

Apply knowledge of manufacturing engineering systems and tools to set
up, test, and adjust manufacturing machinery and equipment, using any
combination of electrical, electronic, mechanical, hydraulic, pneumatic
Manufacturing Production Technicians™* and computer technologies.

Apply engineering theory and technical skills to support mechanical
engineering activities such as generation, transmission and use of
mechanical and fluid energy. Prepare layouts of machinery and
equipment and plan the flow of work. May conduct statistical studies
Mechanical Engineering Technologists™ and analyze production costs.

Apply knowledge of mechanical, electrical, and computer engineering
theory and methods to the design of automation, intelligent systems,
Mechatronics Engineers™ smart devices, or industrial systems control.

Apply knowledge of electronic and mechanical engineering theory and
methods, as well as specialized manufacturing technologies, to design
Microsystems Engineers™ and develop microelectromechanical systems (MEMS) devices.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.
* denotes occupations that are linked to multiple sectors
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New & Emerging Occupation Description

Design, develop, and supervise the production of materials, devices,
and systems of unique molecular or macromolecular composition,
applying principles of nanoscale physics and electrical, chemical, and
Nanosystems Engineers* biological engineering.

Operate commercial-scale production equipment to produce, test, and
modify materials, devices, and systems of molecular or macromolecular
Nanotechnology Engineering Technicians composition. Work under the supervision of engineering staff.

Implement production processes for nanoscale designs to produce and
modify materials, devices, and systems of unique molecular or
macromolecular composition. Operate advanced microscopy equipment
to manipulate nanoscale objects. Work under the supervision of

Nanotechnology Engineering Technologists™ engineering staff.
Apply knowledge of engineering and mathematical theory and methods
Photonics Engineers* to design technologies specializing in light information and light energy.

Build, install, test, and maintain optical and fiber optic equipment such
as lasers, lenses and mirrors using spectrometers, interferometers, or

Photonics Technicians* related equipment.
Robotics Engineers* Research, design, develop, and test robotic applications.

Build, install, test, and maintain robotic equipment or related automated
Robotics Technicians* production systems.

Direct, or coordinate production, purchasing, warehousing, distribution,
or financial forecasting services and activities to limit costs and improve
accuracy, customer service and safety. Examine existing procedures
and opportunities for streamlining activities to meet product distribution
Supply Chain Managers*™ needs. Direct the movement, storage, and processing of inventory.

Design and plan protocols for equipment and processes to produce
products meeting internal and external purity, safety, and quality
Validation Engineers* requirements.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.
* denotes occupations that are linked to multiple sectors
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SECTOR XI: RECYCLING AND WASTE REDUCTION

This table includes candidate new and emerging green economy occupations and N&E occupations
from previous research classified as “green N&E” occupations

New & Emerging Occupation Description

Prepare and sort materials or products for recycling. Identify and
remove hazardous substances. Dismantle components of products

Recycling and Reclamation Workers such as appliances.

Supervise curbside and drop-off recycling programs for municipal
Recycling Coordinators governments or private firms.
Sustainable Design Specialists Design from the outset for recycling, reuse or remanufacturing.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.
* denotes occupations that are linked to multiple sectors
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SECTOR XlI: GOVERNMENTAL AND REGULATORY ADMINISTRATION

This table includes candidate new and emerging green economy occupations and N&E occupations
from previous research classified as “green N&E” occupations

New & Emerging Occupation Description

Perform a wide range of air quality compliance duties including
equipment and facility permitting, compliance auditing, emissions
control research, recordkeeping and reporting, participation in planning
Air Quality Control Specialists processes.

Communicate and coordinate with management, shareholders,
customers, and employees to address sustainability issues. Enact or

Chief Sustainability Officers oversee a corporate sustainability strategy.
Plan, direct, or coordinate activities of an organization to ensure
Compliance Managers compliance with ethical or regulatory standards.

Conduct energy audits of buildings, building systems and process
systems. May also conduct investment grade audits of buildings or
Energy Auditors* systems.

Conduct data gathering, data analysis, calculation, inventories and
reduction planning, and be familiar with emerging regulations on

Greenhouse Gas Emissions Permitting Consultants greenhouse gas management

Greenhouse Gas Emissions Report Verifiers Conduct data audits of reported greenhouse gas emissions inventories.
Plan, direct, or coordinate production activities of an organization to

Regulatory Affairs Managers ensure compliance with regulations and standard operating procedures.

Coordinate and document internal regulatory processes, such as
internal audits, inspections, license renewals or registrations. May

Regulatory Affairs Specialists compile and prepare materials for submission to regulatory agencies.
Address organizational sustainability issues, such as waste stream
Sustainability Specialists management, green building practices, and green procurement plans.

Prepare studies for proposed transportation projects. Gather, compile,
and analyze data. Study the use and operation of transportation
Transportation Planners* systems. Develop transportation models or simulations.

Note. Occupations in italics are N&E occupations previously identified in in-demand industry clusters.
* denotes occupations that are linked to multiple sectors
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Appendix D: List of “Green Increased Demand” Occupations

The following table includes a list of all O*NET-SOC occupations classified
as “green increased demand” (n = 64).
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Green Increased Demand Occupations

O*NET-SOC Code O*NET-SOC Occupation
45-2011.00 Agricultural Inspectors
17-3011.01 Architectural Drafters
47-2011.00 Boilermakers
53-3021.00 Bus Drivers, Transit and Intercity
47-2051.00 Cement Masons and Concrete Finishers
17-2041.00 Chemical Engineers
51-9011.00 Chemical Equipment Operators and Tenders
51-8091.00 Chemical Plant and System Operators
19-4031.00 Chemical Technicians
19-2031.00 Chemists
27-1021.00 Commercial and Industrial Designers
15-1032.00 Computer Software Engineers, Systems Software
51-4011.00 Computer-Controlled Machine Tool Operators, Metal and Plastic
47-2031.01 Construction Carpenters
43-4051.00 Customer Service Representatives
Cutting, Punching, and Press Machine Setters, Operators, and
51-4031.00 Tenders, Metal and Plastic
43-5032.00 Dispatchers, Except Police, Fire, and Ambulance
Drilling and Boring Machine Tool Setters, Operators, and Tenders,
51-4032.00 Metal and Plastic
51-2022.00 Electrical and Electronic Equipment Assemblers
Electrical and Electronics Repairers, Commercial and Industrial
49-2094.00 Equipment
49-9051.00 Electrical Power-Line Installers and Repairers
47-2111.00 Electricians
17-3023.01 Electronics Engineering Technicians
51-2031.00 Engine and Other Machine Assemblers
19-2041.00 Environmental Scientists and Specialists, Including Health
25-9021.00 Farm and Home Management Advisors
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O*NET-SOC Code O*NET-SOC Occupation

First-Line Supervisors/Managers of Agricultural Crop and Horticultural

45-1011.07 Workers

45-1011.05 First-Line Supervisors/Managers of Logging Workers
First-Line Supervisors/Managers of Mechanics, Installers, and

49-1011.00 Repairers

51-1011.00 First-Line Supervisors/Managers of Production and Operating Workers

33-3031.00 Fish and Game Wardens

19-4093.00 Forest and Conservation Technicians

45-4011.00 Forest and Conservation Workers

49-9098.00 Helpers--Installation, Maintenance, and Repair Workers

47-3012.00 Helpers--Carpenters

19-2043.00 Hydrologists

17-2112.00 Industrial Engineers

49-9041.00 Industrial Machinery Mechanics

11-3051.00 Industrial Production Managers

17-2111.01 Industrial Safety and Health Engineers

53-7051.00 Industrial Truck and Tractor Operators

47-2131.00 Insulation Workers, Floor, Ceiling, and Wall

53-7062.00 Laborers and Freight, Stock, and Material Movers, Hand

53-4011.00 Locomotive Engineers

19-2032.00 Materials Scientists

49-9044.00 Millwrights

51-9023.00 Mixing and Blending Machine Setters, Operators, and Tenders

11-9121.00 Natural Sciences Managers

29-9011.00 Occupational Health and Safety Specialists

47-2073.00 Operating Engineers and Other Construction Equipment Operators

51-8012.00 Power Distributors and Dispatchers

43-5061.00 Production, Planning, and Expediting Clerks

13-1021.00 Purchasing Agents and Buyers, Farm Products

53-4031.00 Railroad Conductors and Yardmasters

47-4061.00 Rail-Track Laying and Maintenance Equipment Operators

49-9021.02 Refrigeration Mechanics and Installers

47-2031.02 Rough Carpenters

51-4121.07 Solderers and Brazers
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O*NET-SOC Code O*NET-SOC Occupation
51-8021.00 Stationary Engineers and Boiler Operators
47-2221.00 Structural Iron and Steel Workers
51-2041.00 Structural Metal Fabricators and Fitters
51-2092.00 Team Assemblers
51-4121.06 Welders, Cutters, and Welder Fitters
19-1023.00 Zoologists and Wildlife Biologists
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Appendix E: List of “Green Enhanced Skills” Occupations

The following table includes a list of all O*NET-SOC occupations classified
as “green enhanced skills” (n = 60).
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Green Enhanced Skills Occupations

O*NET-SOC Code O*NET-SOC Occupation
17-2011.00 Aerospace Engineers
19-4011.01 Agricultural Technicians
51-2011.00 Aircraft Structure, Surfaces, Rigging, and Systems Assemblers
23-1022.00 Arbitrators, Mediators, and Conciliators
17-1011.00 Architects, Except Landscape and Naval
19-2021.00 Atmospheric and Space Scientists
49-3023.02 Automotive Specialty Technicians
17-2051.00 Civil Engineers
47-4011.00 Construction and Building Inspectors
47-2061.00 Construction Laborers
11-9021.00 Construction Managers
47-5041.00 Continuous Mining Machine Operators
17-3023.03 Electrical Engineering Technicians
17-2071.00 Electrical Engineers
17-3024.00 Electro-Mechanical Technicians
17-2072.00 Electronics Engineers, Except Computer
11-9041.00 Engineering Managers
17-3025.00 Environmental Engineering Technicians
17-2081.00 Environmental Engineers
19-4091.00 Environmental Science and Protection Technicians, Including Health
11-9012.00 Farmers and Ranchers
13-2051.00 Financial Analysts
11-1021.00 General and Operations Managers
19-4041.02 Geological Sample Test Technicians
19-4041.01 Geophysical Data Technicians
19-2042.00 Geoscientists, Except Hydrologists and Geographers
47-4041.00 Hazardous Materials Removal Workers
49-9021.01 Heating and Air Conditioning Mechanics and Installers
17-3026.00 Industrial Engineering Technicians
51-9061.00 Inspectors, Testers, Sorters, Samplers, and Weighers
17-1012.00 Landscape Architects
51-4041.00 Machinists
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O*NET-SOC Code O*NET-SOC Occupation
49-9042.00 Maintenance and Repair Workers, General
11-2021.00 Marketing Managers
17-2141.00 Mechanical Engineers
17-2161.00 Nuclear Engineers
19-4051.01 Nuclear Equipment Operation Technicians
51-8011.00 Nuclear Power Reactor Operators
29-9012.00 Occupational Health and Safety Technicians
13-2052.00 Personal Financial Advisors
47-2152.01 Pipe Fitters and Steamfitters
47-2152.02 Plumbers
51-8013.00 Power Plant Operators
27-3031.00 Public Relations Specialists
53-7081.00 Refuse and Recyclable Material Collectors
27-3022.00 Reporters and Correspondents
47-2181.00 Roofers

Sales Representatives, Wholesale and Manufacturing, Technical and
41-4011.00 Scientific Products
Separating, Filtering, Clarifying, Precipitating, and Still Machine Setters,
51-9012.00 Operators, and Tenders
47-5013.00 Service Unit Operators, Oil, Gas, and Mining
47-2211.00 Sheet Metal Workers
43-5071.00 Shipping, Receiving, and Traffic Clerks
19-1031.01 Soil and Water Conservationists
11-3071.02 Storage and Distribution Managers
13-1073.00 Training and Development Specialists
11-3071.01 Transportation Managers
Transportation Vehicle, Equipment and Systems Inspectors, Except
53-6051.07 Aviation
53-3032.00 Truck Drivers, Heavy and Tractor-Trailer
19-3051.00 Urban and Regional Planners
13-1022.00 Wholesale and Retail Buyers, Except Farm Products
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Appendix F: List of “Green New and Emerging” Occupations

The following table includes a list of all O*NET-SOC occupations classified
as “green new and emerging” (n = 91).
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Green New and Emerging Occupations

New & Emerging Occupation

Description

Air Quality Control Specialists

Perform a wide range of air quality compliance duties including
equipment and facility permitting, compliance auditing, emissions
control research, recordkeeping and reporting, participation in planning
processes.

Automotive Engineering Technicians*

Assist engineers in determining the practicality of proposed product
design changes, and plan and carry out tests on experimental test
devices and equipment for performance, durability and efficiency.

Automotive Engineers*

Develop new or improved designs for vehicle structural members,
engines, transmissions and other vehicle systems, using computer-
assisted design technology. Direct building, modification, and testing of
vehicle and components.

Biochemical Engineers*

Apply knowledge of biology, chemistry, and engineering to develop
usable, tangible products. Solve problems related to materials, systems
and processes that interact with humans, plants, animals,
microorganisms, and biological materials.

Biofuels/Biodiesel Technology and Product Development Managers

Define, plan, or execute biofuels/biodiesel research programs that
evaluate alternative feedstock and process technologies with near-term
commercial potential.

Biofuels Production Managers

Manage operations at biofuels power generation facilities. Collect and
process information on plant performance, diagnose problems, and
design corrective procedures.

Biofuels Processing Technicians

Calculate, measure, load, mix, and process refined feedstock with
additives in fermentation or reaction process vessels and monitor
production process. Perform, and keep records of, plant maintenance,
repairs, and safety inspections.

Biomass Plant Engineers

Design plants that generate electricity from the combustion of biomass.

Biomass Production Managers

Manage operations at biomass power generation facilities. Direct work
activities at plant, including supervision of operations and maintenance
staff.

Biomass Plant Technicians

Control and monitor biomass plant activities and perform maintenance
as needed.

* denotes N&E occupations previously identified in in-demand industry clusters.
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New & Emerging Occupation

Description

Brownfield Redevelopment Specialists and Site Managers

Participate in planning and directing cleanup and redevelopment of
contaminated properties for reuse. Does not include properties
sufficiently contaminated to qualify as Superfund sites.

Carbon Capture and Sequestration Systems Installers

Install and maintain carbon energy capture or carbon sequestration
facilities.

Carbon Credit Traders

Represent companies in the sale and purchase of carbon emissions
permits.

Carbon Trading Analysts

Analyze pricing and risks of carbon trading products; develop solutions
to help clients hedge carbon exposure and risk.

Chief Sustainability Officers

Communicate and coordinate with management, shareholders,
customers, and employees to address sustainability issues. Enact or
oversee a corporate sustainability strategy.

Climate Change Analysts

Research and analyze policy developments related to climate change.
Make climate-related recommendations for actions such as legislation,
awareness campaigns, or fundraising approaches.

Compliance Managers*

Plan, direct, or coordinate activities of an organization to ensure
compliance with ethical or regulatory standards.

Electrical Engineering Technologists™

Apply engineering theory and technical skills to support electrical
engineering activities such as process control, electrical power
distribution, and instrumentation design. Prepare layouts of machinery
and equipment, plan the flow of work, conduct statistical studies and
analyze production costs.

Electromechanical Engineering Technologists*

Apply engineering theory and technical skills to support
electromechanical engineering activities such as computer-based
process control, instrumentation, and machine design. Prepare layouts
of machinery and equipment, plan the flow of work, conduct statistical
studies and analyze production costs.

Electronics Engineering Technologists*®

Apply engineering theory and technical skills to support electronics
engineering activities such as electronics systems and instrumentation
design and digital signal processing.

Energy Auditors*

Conduct energy audits of buildings, building systems and process
systems. May also conduct investment grade audits of buildings or
systems.

Energy Brokers™

Purchase or sell energy for customers.

* denotes N&E occupations previously identified in in-demand industry clusters.
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New & Emerging Occupation

Description

Energy Engineers”

Design, develop, and evaluate energy-related projects and programs to
reduce energy costs or improve energy efficiency during the designing,
building, or remodeling stages of construction. May specialize in
electrical systems; heating, ventilation, and air-conditioning (HVAC)
systems; green buildings; lighting; air quality; or energy procurement.

Environmental Restoration Planners

Collaborate with field and biology staff to oversee the implementation of
restoration projects and to develop new products. Process and
synthesize complex scientific data into practical strategies for
restoration, monitoring or management.

Environmental Certification Specialists

Guide clients such as manufacturers, organic farms, and timber
companies through the process of being certified as green.

Environmental Economists

Assess and quantify the benefits of environmental alternatives, such as
use of renewable energy resources.

Financial Quantitative Analysts*®

Develop quantitative financial products used to inform individuals and
financial institutions engaged in saving, lending, investing, borrowing, or
managing risk. Investigate methods for financial analysis to create
mathematical models used to develop improved analytical tools and
advanced financial investment instruments.

Freight Forwarders*

Research rates, routings, or modes of transport for shipment of
products. Maintain awareness of regulations affecting the international
movement of cargo. Make arrangements for additional services such
as storage and inland transportation.

Fuel Cell Engineers*

Design, evaluate, modify, and construct fuel cell components and
systems for transportation, stationary, or portable applications.

Fuel Cell Technicians*

Install, operate, and maintain integrated fuel cell systems in
transportation, stationary, or portable applications.

Geographic Information Systems Technicians*

Assist scientists, technologists, and related professionals in building,
maintaining, modifying, and using geographic information systems
(GIS) databases. May also perform some custom application
development and provide user support.

Geospatial Information Scientists and Technologists™

Research and develop geospatial technologies. May produce
databases, perform applications programming or coordinate projects.
May specialize in areas such as agriculture, mining, health care, retail
trade, urban planning or military intelligence.

* denotes N&E occupations previously identified in in-demand industry clusters.
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New & Emerging Occupation

Description

Geothermal Production Managers

Manage operations at geothermal power generation facilities. Maintain
and monitor geothermal plant equipment for efficient and safe plant
operations.

Geothermal Technicians

Perform technical activities at power plants or individual installations
necessary for the generation of power from geothermal energy sources.
Monitor and control operating activities at geothermal power generation
facilities and perform maintenance and repairs as necessary. Install,
test, and maintain residential and commercial geothermal heat pumps.

Green Marketers

Create and implement methods to market green products and services.

Greenhouse Gas Emissions Permitting Consultants

Conduct data gathering, data analysis, calculation, inventories and
reduction planning, and be familiar with emerging regulations on
greenhouse gas management.

Greenhouse Gas Emissions Report Verifiers

Conduct data audits of reported greenhouse gas emissions inventories.

Hydroelectric Plant Technicians

Monitor and control activities associated with hydropower generation.
Operate plant equipment, such as turbines, pumps, valves, gates, fans,
electric control boards, and battery banks. Monitor equipment operation
and performance and make necessary adjustments to ensure optimal
performance. Perform equipment maintenance and repair as
necessary.

Hydroelectric Production Managers

Manage operations at hydroelectric power generation facilities.
Maintain and monitor hydroelectric plant equipment for efficient and
safe plant operations.

Industrial Ecologists

Study or investigate industrial production and natural ecosystems to
achieve high production, sustainable resources, and environmental
safety or protection. May apply principles and activities of natural
ecosystems to develop models for industrial systems.

Industrial Engineering Technologists*

Apply engineering theory and technical skills to support industrial
engineering activities such as quality control, inventory control and
material flow methods. May conduct statistical studies and analyze
production costs.

Investment Underwriters*

Intermediate between corporate issuers of securities and clients
regarding private equity investments. Underwrite the issuance of
securities to provide capital for client growth. Negotiate and structure
the terms of mergers and acquisitions.

* denotes N&E occupations previously identified in in-demand industry clusters.
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New & Emerging Occupation

Description

Logistics Analysts™

Analyze product delivery or supply chain processes to identify or
recommend changes. May manage route activity including invoicing,
electronic bills, and shipment tracing.

Logistics Engineers*

Design and analyze operational solutions for projects such as
transportation optimization, network modeling, process and methods
analysis, cost containment, capacity enhancement, routing and
shipment optimization, and information management.

Logistics Managers*

Plan, direct, or coordinate purchasing, warehousing, distribution,
forecasting, customer service, or planning services. Manage logistics
personnel and logistics systems and direct daily operations.

Manufacturing Engineering Technologists*

Apply engineering theory and technical skills to support manufacturing
engineering activities. Develop tools, implement designs and integrate
machinery, equipment and computer technologies to ensure effective
manufacturing processes.

Manufacturing Engineers*

Apply knowledge of materials and engineering theory and methods to
design, integrate, and improve manufacturing systems or related
processes. May work with commercial or industrial designers to refine
product designs to increase producibility and decrease costs.

Manufacturing Production Technicians*

Apply knowledge of manufacturing engineering systems and tools to set
up, test, and adjust manufacturing machinery and equipment, using any
combination of electrical, electronic, mechanical, hydraulic, pneumatic
and computer technologies.

Mechanical Engineering Technologists*

Apply engineering theory and technical skills to support mechanical
engineering activities such as generation, transmission and use of
mechanical and fluid energy. Prepare layouts of machinery and
equipment and plan the flow of work. May conduct statistical studies
and analyze production costs.

Mechatronics Engineers*

Apply knowledge of mechanical, electrical, and computer engineering
theory and methods to the design of automation, intelligent systems,
smart devices, or industrial systems control.

Methane Capturing System Engineers/Installers/Project Managers

Design gas recovery systems and oversee installation and development
process, including recovery modeling, permitting, specifications
preparation and project oversight. Develop client relationships and
arrange for sales of energy.

* denotes N&E occupations previously identified in in-demand industry clusters.
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New & Emerging Occupation

Description

Methane/Landfill Gas Collection System Operators

Direct daily operations, maintenance, or repair of landfill gas projects,
including maintenance of daily logs, determination of service priorities,
and compliance with reporting requirements.

Methane/Landfill Gas Generation System Technicians

Monitor, operate, and maintain landfill gas collection system
components and environmental monitoring and control systems.

Microsystems Engineers”

Apply knowledge of electronic and mechanical engineering theory and
methods, as well as specialized manufacturing technologies, to design
and develop microelectromechanical systems (MEMS) devices.

Nanosystems Engineers*

Design, develop, and supervise the production of materials, devices,
and systems of unique molecular or macromolecular composition,
applying principles of nanoscale physics and electrical, chemical, and
biological engineering.

Nanotechnology Engineering Technicians*

Operate commercial-scale production equipment to produce, test, and
modify materials, devices, and systems of molecular or macromolecular
composition. Work under the supervision of engineering staff.

Nanotechnology Engineering Technologists™

Implement production processes for nanoscale designs to produce and
modify materials, devices, and systems of unique molecular or
macromolecular composition. Operate advanced microscopy equipment
to manipulate nanoscale objects. Work under the supervision of
engineering staff.

Photonics Engineers*

Apply knowledge of engineering and mathematical theory and methods
to design technologies specializing in light information and light energy.

Photonics Technicians*

Build, install, test, and maintain optical and fiber optic equipment such
as lasers, lenses and mirrors using spectrometers, interferometers, or
related equipment.

Precision Agriculture Technicians™

Apply geospatial technologies, including geographic information
systems (GIS) and Global Positioning System (GPS), to agricultural
production and management activities, such as pest scouting, site-
specific pesticide application, yield mapping, and variable-rate irrigation.
May use computers to develop and analyze maps and remote sensing
images to compare physical topography with data on soils, fertilizer,
pests or weather.

Recycling and Reclamation Workers

Prepare and sort materials or products for recycling. Identify and
remove hazardous substances. Dismantle components of products
such as appliances.

* denotes N&E occupations previously identified in in-demand industry clusters.
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New & Emerging Occupation

Description

Recycling Coordinators

Supervise curbside and drop-off recycling programs for municipal
governments or private firms.

Regulatory Affairs Managers*

Plan, direct, or coordinate production activities of an organization to
ensure compliance with regulations and standard operating procedures.

Regulatory Affairs Specialists*

Coordinate and document internal regulatory processes, such as
internal audits, inspections, license renewals or registrations. May
compile and prepare materials for submission to regulatory agencies.

Remote Sensing Scientists and Technologists*

Apply remote sensing principles and methods to analyze data and solve
problems in areas such as natural resource management, urban
planning, and homeland security. May develop new analytical
techniques and sensor systems or develop new applications for existing
systems.

Remote Sensing Technicians*

Apply remote sensing technologies to assist scientists in areas such as
natural resources, urban planning, and homeland security. May prepare
flight plans and sensor configurations for flight trips.

Risk Management Specialists™

Analyze and make decisions on risk management issues by identifying,
measuring and managing operational and enterprise risks for an
organization.

Robotics Engineers*

Research, design, develop, and test robotic applications.

Robotics Technicians™

Build, install, test, and maintain robotic equipment or related automated
production systems.

*

Securities and Commaodities Traders

Buy and sell securities and commodities to transfer debt, capital, or risk.
Establish and negotiate unit prices and terms of sale.

Solar Energy Installation Managers

Direct work crews installing residential or commercial solar photovoltaic
or thermal systems.

Solar Photovoltaic Installers

Assemble, install, or maintain solar photovoltaic (PV) systems on roofs
or other structures in compliance with site assessment and schematics.
May include measuring, cutting, assembling, and bolting structural
framing and solar modules. May perform minor electrical work such as
current checks.

Solar Power Plant Technicians

Monitor and repair the instrumentation, controls, and electrical systems
in a utility-scale solar power generating facility.

Solar Sales Representatives and Assessors

Contact new or existing customers to determine their solar equipment
needs, suggest systems or equipment, or estimate costs.

* denotes N&E occupations previously identified in in-demand industry clusters.
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New & Emerging Occupation

Description

Solar Energy Systems Engineers

Perform site-specific engineering analysis or evaluation of energy
efficiency and solar projects involving residential, commercial, or
industrial customers. Design solar domestic hot water and space
heating systems for new and existing structures, applying knowledge of
structural energy requirements, local climates, solar technology, and
thermodynamics.

Solar Thermal Installers and Technicians

Install or repair solar energy systems designed to collect, store, and
circulate solar-heated water for residential, commercial or industrial use.

Solar Thermoelectric Plant/Concentrating Thermal Power (CSP) Plant
Operators

Direct the operations of a commercial solar-generated power production
plant.

Supply Chain Managers*

Direct, or coordinate production, purchasing, warehousing, distribution,
or financial forecasting services and activities to limit costs and improve
accuracy, customer service and safety. Examine existing procedures
and opportunities for streamlining activities to meet product distribution
needs. Direct the movement, storage, and processing of inventory.

Sustainability Specialists

Address organizational sustainability issues, such as waste stream
management, green building practices, and green procurement plans.

Sustainable Design Specialists

Design from the outset for recycling, reuse or remanufacturing.

Testing Adjusting and Balancing TAB Technicians

Test, adjust, and balance HVAC systems so they perform as designed.

Transportation Engineers*

Develop plans for surface transportation projects according to
established engineering standards and state or federal construction
policy. Prepare plans, estimates, or specifications to design
transportation facilities. Plan alterations and modifications of existing
streets, highways, or freeways to improve traffic flow.

Transportation Planners*

Prepare studies for proposed transportation projects. Gather, compile,
and analyze data. Study the use and operation of transportation
systems. Develop transportation models or simulations.

Validation Engineers*

Design and plan protocols for equipment and processes to produce
products meeting internal and external purity, safety, and quality
requirements.

Water Resource Specialists

Design or implement programs and strategies related to water resource
issues such as supply, quality, and regulatory compliance issues.

* denotes N&E occupations previously identified in in-demand industry clusters.
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New & Emerging Occupation

Description

Water/Wastewater Engineers

Design or oversee projects involving provision of fresh water, disposal
of wastewater and sewage, or prevention of flood-related damage.
Prepare environmental documentation for water resources, regulatory
program compliance, data management and analysis, and field work.
Perform hydraulic modeling and pipeline design.

Weatherization Installers and Technicians

Perform a variety of activities to weatherize homes and make them
more energy efficient. Duties include repairing windows, insulating
ducts, and performing heating, ventilating, and air-conditioning (HVAC)
work. May perform energy audits and advise clients on energy
conservation measures.

Wind Energy Operations Managers

Manage wind field operations, including personnel, maintenance
activities, financial activities, and planning.

Wind Energy Project Managers

Lead or manage the development and evaluation of potential wind
energy business opportunities, including environmental studies,
permitting, and proposals. May also manage construction of projects.

Wind Energy Engineers

Design underground or overhead wind farm collector systems and
prepare and develop site specifications.

Wind Turbine Service Technicians

Inspect, diagnose, adjust, or repair wind turbines. Perform
maintenance on wind turbine equipment including resolving electrical,
mechanical, and hydraulic malfunctions.

* denotes N&E occupations previously identified in in-demand industry clusters.
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