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The "green” or “clean” or low-carbon
economy—defined as the sector of the
economy that produces goods and services
with an environmental benefit-remains at
once a compelling aspiration and an enigma.

As a matter of aspiration, no swath of the economy
has been more widely celebrated as a source of economic
renewal and potential job creation.

Again this year President Obama spoke in his State of
the Union Address of “the promise of renewable energy”
and environmental pursuits that will “strengthen our
security, protect our planet, and create countless new
jobs for our people.” Since then, a global “race to clean”
has gained new urgency with numerous nations—such as
China, Japan, and the United Kingdom-all having made new
commitments to invest in the low-carbon and environmental
goods sector as a source of quality jobs, exports, and
industry growth.

Yet, the clean economy remains an enigma: hard to assess.

Not only do “green” or “clean” activities and jobs related to
environmental aims pervade all sectors of the U.S. economy;
they also remain tricky to define and isolate—and count.

The clean economy has remained elusive in part because,
in the absence of standard definitions and data, strikingly
little is known about its nature, size, and growth at the
critical regional level.

Currently no comprehensive national database exists on
the spatial geography of the clean economy and its sub-
industries, although important work has assessed the clean
economy across states. And while numerous studies have
analyzed individual regional clean or green industries, a
proliferation of definitions and the absence of data for large

numbers of regions has made it difficult to situate regional
clean economies in a national and comparative context.

The result: Debates about the so-called “green” economy
and “green jobs" have frequently been short on facts and
long on speculation, assertion, and partisanship.

Which gets to the impetus of this report: Seeking to
address some of these problems, the Metropolitan Policy
Program at Brookings worked with Battelle's Technology
Partnership Practice to develop, analyze, and comment on
a detailed database of establishment-level employment
statistics pertaining to a sensibly defined assemblage
of clean economy industries in the United States and its
metropolitan areas.

Covering the years 2003 to 2010 for every county in
the United States, the resulting information (available
for download at http://www.brookings.edu/metro/clean_
economy.aspx) and this report represent the first study of
the U.S. clean economy to provide timely information that
is both comprehensive enough in its scope and detailed
enough in its categorization to inform national, state, and
regional leaders on the dynamics of the U.S. low-carbon
and environmental goods and services “super-sector” as
they are transpiring in regions and metropolitan areas. This
information is then employed in a discussion of how the
nation, the states, and localities and regions might address
a number of key policy problems that may be slowing the
growth of the clean economy.
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Most importantly, "Sizing the Clean Economy: A National

and Regional Green Jobs Assessment” concludes that:

The clean economy, which employs some 2.7 million
workers, encompasses a significant number of jobs
in establishments spread across a diverse group of
industries. Though modest in size, the clean economy
employs more workers than the fossil fuel industry
and bulks larger than bioscience but remains smaller
than the IT-producing sectors. Most clean economy
jobs reside in mature segments that cover a wide
swath of activities including manufacturing and

the provision of public services such as wastewater
and mass transit. A smaller portion of the clean
economy encompasses newer segments that respond
to energy-related challenges. These include the solar
photovoltaic (PV), wind, fuel cell, smart grid, biofuel,
and battery industries

The clean economy grew more slowly in aggregate

than the national economy between 2003 and 2010,
but newer “cleantech"” segments produced explosive

job gains and the clean economy outperformed the
nation during the recession. Overall, today's clean
economy establishments added half a million jobs

between 2003 and 2010, expanding at an annual rate of
3.4 percent. This performance lagged the growth in the

national economy, which grew by 4.2 percent annually
over the period (if job losses from establishment
closings are omitted to make the data comparable).
However, this measured growth heavily reflected the
fact that many longer-standing companies in the clean
economy—especially those involved in housing- and
building-related segments—laid off large numbers of

workers during the real estate crash of 2007 and 2008,

while sectors unrelated to the clean economy (mainly
health care) created many more new jobs nationally. At
the same time, newer clean economy establishments—
especially those in young energy-related segments
such as wind energy, solar PV, and smart grid—added
jobs at a torrid pace, albeit from small bases

The clean economy is manufacturing and export
intensive. Roughly 26 percent of all clean economy
jobs lie in manufacturing establishments, compared
to just 9 percent in the broader economy. On a per
job basis, establishments in the clean economy export
roughly twice the value of a typical U.S. job ($20,000
versus $10,000). The electric vehicles (EV), green
chemical products, and lighting segments are all
especially manufacturing intensive while the biofuels,
green chemicals, and EV industries are highly

export intensive

The clean economy offers more opportunities and
better pay for low- and middle-skilled workers than
the national economy as a whole. Median wages in
the clean economy—meaning those in the middle of the
distribution—are 13 percent higher than median U.S.

wages. Yet a disproportionate percentage of jobs in the
clean economy are staffed by workers with relatively
little formal education in moderately well-paying
“green collar” occupations

Among regions, the South has the largest number
of clean economy jobs though the West has the
largest share relative to its population. Seven of the
21 states with at least 50,000 clean economy jobs are
in the South. Among states, California has the highest
number of clean jobs but Alaska and Oregon have the
most per worker

Most of the country’s clean economy jobs and
recent growth concentrate within the largest
metropolitan areas. Some 64 percent of all current
clean economy jobs and 75 percent of its newer jobs

created from 2003 to 2010 congregate in the nation's
100 largest metro areas

The clean economy permeates all of the nation's
metropolitan areas, but it manifests itself in varied
configurations. Metropolitan area clean economies
can be categorized into four-types: service-oriented,
manufacturing, public sector, and balanced. New York,
through mass transit, embodies a service orientation;
so does San Francisco through professional services
and Las Vegas through architectural services. Many
Midwestern and Southern metros like Louisville;
Cleveland; Greenville, SC; and Little Rock—but also

San Jose in the West—host clean economies that are
heavily manufacturing oriented. State capitals are
among those with a disproportionate share of clean
jobs in the public sector (e.g. Harrisburg, Sacramento,
Raleigh, and Springfield). Finally, some metros—such as
Atlanta; Salt Lake City; Portland, OR; and Los Angeles—
balance multi-dimensional clean economies

Strong industry clusters boost metros’ growth
performance in the clean economy. Clustering entails
proximity to businesses in similar or related industries.
Establishments located in counties containing a
significant number of jobs from other establishments
in the same segment grew much faster than more
isolated establishments from 2003 to 2010. Overall,
clustered establishments grew at a rate that was 1.4
percentage points faster each year than non-clustered
(more isolated) establishments. Examples include
professional environmental services in Houston, solar
photovoltaic in Los Angeles, fuel cells in Boston, and
wind in Chicago

The measurements and trends presented here offer a
mixed picture of a diverse array of environmentally-oriented
industry segments growing modestly even as a sub-set of
clean energy, energy efficiency, and related segments grow
much faster than the nation (albeit from a small base) and in
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ways that are producing a desirable array of jobs, including
in manufacturing and export-oriented fields.

As to what governments, policymakers, and regional
leaders should do to catalyze faster and broader growth
across the U.S. clean economy, it is clear that the private
sector will play the lead role, but governments have a
role too. In this connection, the fact that significant policy
uncertainties and gaps are weakening market demand
for clean economy goods and services, chilling finance,
and raising questions about the clean innovation pipeline
reinforces the need for engagement and reform. Not only
are other nations bidding to secure global production and
the jobs that come with it but the United States currently
risks failing to exploit growing world demand. And so
this report concludes that vigorous private sector-led
growth needs to be co-promoted through complementary
engagements by all levels of the nation’s federal system to
ensure the existence of well-structured markets, a favorable
investment climate, and a rich stock of cutting-edge
technology—as well as strong regional cast to all efforts.

Along these lines, the report recommends that
governments help:
Scale up the market by taking steps to catalyze
vibrant domestic demand for low-carbon and
environmentally-oriented goods and services.
Intensified “green” procurement efforts by all levels of
government are one such market-making engagement.
But there are others. Congress and the federal
government could help by putting a price on carbon,
passing a national clean energy standard (CES), and
moving to ensure more rational cost recovery on
new transmission links for the delivery of renewable
energy to urban load centers. States can adopt or
strengthen their own clean energy standards, reduce
the initial costs of energy efficiency and renewable
energy adoption, and pursue electricity market reform
to facilitate the use of clean and efficient solutions.
And localities can also support adoption by expediting
permitting for green projects, adopting green building
and other standards, and adopting innovative financing
tools to reduce the upfront costs of investing in clean
technologies

Ensure adequate finance by moving to address the
serious shortage of affordable, risk-tolerant, and
larger-scale capital that now impedes the scale-up
of numerous clean economy industry segments.

On this front Congress should create an emerging
technology deployment finance entity to address the
commercialization “Valley of Death"” and also work to
rationalize and reform the myriad tax provisions and
incentives that currently encourage capital investments
in clean economy projects. States, for their part, can
supplement private lending activity by providing
guarantees and participating loans or initial capital for
revolving loan funds targeting clean economy projects
using new or improved technologies. And for that
matter regions and localities can also help narrow the
deployment finance gap by helping to reduce the costs
and uncertainty of projects by expediting their physical
build-out, whether by managing zoning and permitting
issues or even pre-approving sites

Drive innovation by investing both more and
differently in the clean economy innovation system.
With the needed major scale-up of investment

levels unlikely for now, Congress at least needs to
embrace continued incremental growth of key energy
and environmental research, development, and
demonstration (RD&D) budgets. At the same time,
Congress should continue its recent institutional
experimentation through measured expansion of

such recent start-ups as the Energy Frontier Research

Centers, ARPA-E, and Energy Innovation Hubs
programs. Two worthy additional experiments would
be the creation of a water sciences innovation center
and the establishment of a regional clean economy
consortia initiative. States can also advance the clean
economy through maintaining and expanding their
own RD&D efforts, perhaps by tapping state clean
energy funds where they exist. All should be focused
and prioritized through a rigorous, data-driven analysis
of the nature, growth, and strengths of local clean
economy innovation clusters

In addition, the “Sizing the Clean Economy" emphasizes
that in working on each of these fronts federal, state, and
regional leaders need to:

Focus on regions, meaning that all parties need

to place detailed knowledge of local industry
dynamics and regional growth strategies near the
center of efforts to advance the clean economy.
While the federal government should increase its
investment in new regional innovation and industry
cluster programs such as the Economic Development
Administration’s i6 Green Challenge, states should
work to improve the information base about local
clean economy industry clusters and move to support
regionally crafted initiatives for advancing them.
Regional actors, meanwhile, should take the lead in
using data and analysis to understand the local clean
economy in detail; identify competitive strengths; and
then move to formulate strong, “bottom up" strategies
for overcoming key clusters' binding constraints.
Employing cluster intelligence and strategy to design
and tune regional workforce development strategies
will be a critical regional priority

* k%

The measurements, trends, and discussions offered here
provide an encouraging but also challenging assessment
of the ongoing development of the clean economy in the
United States and its regions. In many respects, the analysis
warrants excitement. As the nation continues to search for
new sources of high-quality growth, the present findings
depict a sizable and diverse array of industry segments
that is—in key private-sector areas—expanding rapidly at a
time of sluggish national growth. With smart policy support,
broader, more rapid growth seems possible. At the same
time, however, the information presented here is challenging,
most notably because the growth of the clean economy
has almost certainly been depressed by significant policy
problems and uncertainties.

In that sense, what is most challenging here is the
fundamental question raised by the dynamic growth but
modest size of the most vibrant and promising segments of
the clean economy.

That question is: Will the nation marshal the will to make
the most of those industries?

In the end, it is a question raised frequently by these
pages.
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The "green” or “clean” or low-carbon
economy—defined as the sector of the
economy that produces goods and services
with an environmental benefit-remains at
once a compelling aspiration and an enigma
as the nation and its regions search for new
sources of growth.

As a matter of aspiration, no swath of the economy
has been more widely celebrated as a source of economic
renewal and potential job creation.

Again this year President Obama spoke in his State
of the Union Address of “the promise of renewable energy”
and environmental pursuits that will strengthen our
security, protect our planet, and create countless new jobs
for our people.”

Likewise, scores of nations, dozens of states, and
hundreds of U.S. regions and localities continue to beat the
drum for the economic, security, and environmental benefits
of clean and green industry development.

Most notably, a global “race to clean"” has now emerged,
with numerous nations working to drive low-carbon and
environmental industry growth.

China—which now produces half of the world's wind
turbine and solar modules—recently announced it would
accelerate its “clean revolution” over the next five years and
has set out aggressive growth plans for strategic emerging
industries (SEls) critical to economic restructuring, including
multiple new energy categories, electric vehicles, and energy
efficiency products.

Japan, in response to the Fukishima nuclear accident, has
committed to achieving massive price reductions for solar
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generation as part of a new renewables-oriented energy
policy that will drive economic change through massive
investments and yet-to-be-determined innovation.?

And, for its part, Britain's Conservative-led coalition
government recently outlined plans for the world's first
state-backed green investment bank aimed at laying the
foundation for clean industry growth.?

In short, while the emergence of the green or low-carbon
economy originally flowed from environmental concerns, a
market vision now prevails—a vision in which new jobs and
industries flow from the drive to reduce the environmental
impacts of the economy.

Along these lines, momentum for the business of “green”
flows in part from the $154 billion in private capital invested
worldwide in 2010 in renewable energy alone (up 650
percent from 2004) and, looking forward, from the projected
tripling to $2.2 trillion by 2020 of the broader world low-
carbon energy market.* Or as Dow Chemical Company CEO
Andrew Liveris wrote recently: “A renaissance is within
reach. If Americans are the ones who design and build
the new [clean economy] technologies it will re-energize
commerce in the United States, creating, without a doubt,
millions of high-paying jobs."®

Such is the current form of the “green” economy
aspiration.

And yet, for all that the clean economy also remains
an enigma: hard to assess. Not only do “green”
or “clean" activities and jobs related to
environmental aims pervade all sectors
of the U.S. economy; they also remain
tricky to define and isolate—and count.

The clean economy, in this regard,
is not only, or even mostly, a matter
of dramatic and highly visible
wind farms and solar parks. It also
includes barely visible “green”
variants of existing industries like
food and appliance manufacturing
along with industries such as
sewage treatment or recycling whose
environmental activities are so mundane
as to be barely noticeable.

But above all, the clean economy has also
remained elusive because-in the absence of standard
definitions and data-—strikingly little is known about its
nature, size, and growth at the critical regional level where it
comes to ground.

Currently no comprehensive national database exists on
the spatial geography of the clean economy and its sub-
industries, although important work has assessed the clean
economy across states.® And while numerous studies have
analyzed individual regional clean or green industries, a
proliferation of definitions and the absence of data for large
numbers of regions has made it difficult to situate regional
clean economies in a national and comparative context. The
upshot has been that national, state, and regional economic
development actors of all kinds are largely without the
high-quality, consistent, fine-grained data they need to
set strategy and develop initiatives to advance the clean
economy.

The result: Debates about the so-called “green” economy
and “green jobs" have frequently been short on facts and
long on speculation, assertion, and partisanship.

Hence this report: Seeking to address some of these
problems, the Metropolitan Policy Program at Brookings
worked with Battelle's Technology Partnership Practice
to develop a detailed database of establishment-level
employment in a sensibly defined assemblage of clean
economy industries covering every county in the United
States over the years 2003 to 2010. In that fashion, the
pages that follow represent the first study of the U.S.
clean economy to provide timely information that is both
comprehensive enough in its scope and detailed enough
in its categorization to inform national, state, and regional

leaders on the recent employment dynamics of the U.S.
low-carbon and environmental goods and services super-
sector as they are transpiring in individual U.S. regions and
metropolitan areas. Moreover, to begin promoting a greater
continuity with other information, the definitions and
measurements here anticipate the approach and structure
of the federal government'’s own forthcoming “green
economy” count, due sometime next year at broader levels
of geography.

What does the inquiry find? Overall, the analysis depicts
a clean economy that encompasses a modest-sized but
growing and layered mix of diverse industries that varies
widely in its distribution across U.S. metropolitan areas. To
the growth question, while the clean economy's aggregate
employment growth remained modest in the 2000s (current
clean economy employers added nearly half a million jobs
between 2003 and 2010), young, high-profile renewable
energy, energy efficiency, and related industries delivered
hyper-growth, albeit from relatively small bases.

Turning to the nature of the super-sector’s jobs,
the new data confirm that the clean economy is in fact
delivering on hopes that it would generate a diverse array
of quality positions that are at once more export- and more
production-oriented than is the rest of the economy. Clean
economy jobs tilt toward manufacturing and exporting and
provide more opportunities with better pay for lower-skilled

workers. At the same time, a cadre of highly trained
innovators—scientists, engineers, architects—are
also disproportionately demanded by the
clean economy.
Beyond that, one of the most
important findings of this report has to
do with the growth-promoting role of
regional industry concentrations. Job
growth in the clean economy has been
'7 significantly faster in regional industry
clusters than elsewhere. This means
that understanding the region-by-region
variation of the clean economy—-whether
in Albany or Little Rock or San Francisco—is
not just an “interesting” bit of local color
but critical for understanding the competitive
strengths and potential of the clean economy
wherever it is found. Gaining a sharper understanding of
the nature and working of these concentrations can help
national, state, and regional decision-makers identify
centers of strength and focus strategies and investments
for maximum growth in a time of limited resources.

So this report aims also to help clarify some of what
has remained opague about the nation's and its regions’
clean economy.

To that end, the report begins by noting why the
metropolitan clean economy matters and then proceeds
to describe the definition, methods, and data used here
to measure the clean economy nationally and across
various levels of geography, with a focus on the 100
largest U.S. metro areas. After that, the report reviews a
series of measurements and trends that characterize the
development of the clean economy across the nation and
its regions. Finally, the report discusses those trends, and
concludes by commenting on a number of policy problems
that may be slowing the growth of the clean economy and
suggesting some priorities for federal, state, regional, and
private-sector work to advance clean economy growth.

In the end, the main takeaway is simple: The clean
economy, as it stands today, is not a myth. It is real,
ubiguitous, and growing—in some segments rapidly. And yet,
for all that, too little is clearly known about the sector, which
remains nascent, and which has not profited from the sort
of policy environment that would best catalyze its growth.
For all of those reasons, it is time to assemble the facts and
decide as a nation of regions how best to make the most of
the emergence of the clean economy.

"‘-.,“ -

SIZING THE CLEAN ECONOMY | I. INTRODUCTION 7






There is no doubt that the “clean,” or “green,’

I

economy looms large in global, national, and
regional economic debates.

But why? Why should this particular swath of
establishments, firms, and industries matter inordinately to
national and metropolitan leaders?

Further, what is so important about the metropolitan
clean economy?

There are multiple answers to these questions—including
the possibility that the future growth of the clean economy
will be sizable—but the most important ones involve the
interconnection of these industries with some of the most
fundamental issues of present day economic life.

The clean economy matters because its
emergence responds to critical global and
national environmental, security, and
economic trends.

To begin with, the clean economy merits attention because
its growth responds to worldwide megatrends associated
with critical national and world challenges—notably the
growing demand for global environmental sustainability, the
sharpening need for resource security, and the aspiration
everywhere toward economic transformation.

Global demand for environmental sustainability. The clean
economy matters, first of all, because its emergence reflects
a growing demand for environmental sustainability given
growing concerns about the already massive scale of global
and national environmental deterioration.?

At the global scale, steady population growth is exerting
increasing pressure on scarce resources. A dozen years after
reaching 6 billion people, the earth’'s population will grow to

7 billion later this year, probably 9 billion before 2050, and
over 10 billion by 2100.3 Over the same period, economic
development and the growing wealth of rising nations will
propel over 1 billion more people into the global middle
class. These new, mostly urbanized consumers will purchase
energy-intensive goods like appliances and automobiles for
the first time, upgrade towards land- and water-intensive
diets comprised of more meat and fewer basic staples,

and generate increasing amounts of waste-all placing new
pressures on world resources.*

An already stressed planet will be further strained in
coming decades. On the water front, the U.N. reckons that
after growing at a steady rate of 2 percent per year for the
past half century, global demand for water has posted a
long-term step change increase and will grow at 3 percent
per year into the future.® Consulting firm McKinsey & Co.
sees a 40 percent shortfall between existing water supplies
and projected demand in 2030 absent efficiency gains.®
Global energy consumption, for its part, is projected to
increase perhaps 50 percent in the years to 20357 Yet if
catastrophic climate change is to be averted, greenhouse
gas (GHG) emissions from the combustion of conventional
fossil fuels must be reduced substantially.®

Which points to another environment-related driver
of clean economy growth: the likelihood of more and
more stringent regulatory responses to the sustainability
challenge around the world. Notwithstanding the collapse
in late 2009 of efforts to craft a single global agreement to
reduce GHG emissions and the foundering of congressional
efforts to institute a ““cap and trade" carbon pricing
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system, unprecedented national emission reduction targets
were agreed to by over 75 countries at varying stages
of development (including the United States) as part of
the scaled-back Copenhagen Accord.? Nations and major
states in the United States have enacted no fewer than
293 binding and accountable new emissions reduction
commitments since June 2008.° Looking forward, continued
environmental concern in the United States and around
the world will almost certainly motivate the adoption
of additional environmental standards that will sharpen
demand for low-carbon or environment-friendly goods
and services.

The bottom line: Environmental stress and policy
responses to it are driving and will continue to drive waves

of industrial change. Just as the growth of a post-war
environmental consciousness (reflected in the Clean Air
and Water Acts in the U.S.) drove the emergence of a first
generation of clean economy industries such as recycling,
pollution control, and remediation, concern about global
sustainability and climate change are spurring the growth
of a new set of energy related industries today—with more
change inevitable."

A sharpening need for resource security. The clean
economy also matters for reasons of resource security:
It reflects new demands that this nation and others
reduce their vulnerability to resource supply shocks and
related conflict.”

Currently, the United States consumes nearly 19 million
barrels of oil per day—half of it imported—to power its
economy, move its people and products, and manufacture its
goods.® That leaves the entire U.S. economy vulnerable to
geopolitical instability and supply disruptions abroad.* For
example, the high and volatile energy prices of 2008 warned
of a new, tighter, and more uncertain reality on the world
market for fossil fuels, particularly oil."> Today, economic
recovery, the return of oil prices to over $100 per barrel, and
the Arab Awakening’'s uncertain course in the Middle East
and North Africa have only sharpened these concerns. And
rightly so: Such uncertainty and price volatility has been
shown to reduce investment across the economy, increase
business costs, disrupt household budgets, and so depress
domestic growth.'®

However, the “green” and low-carbon goods, processes,
and services being developed by the clean economy
represent an opportunity for the nation to insulate itself
from price and supply shocks and begin to disentangle
itself from the messy geopolitics of oil through efficiency

advances and a diversification of the nation's energy-source
portfolio.”

In this connection, environmentally-oriented technologies
and processes will likely contribute to resource security by
reducing the environmental impact of exploiting the fossil
fuels that are already abundant in energy-hungry countries
like the U.S. and China, such as coal and shale gas—making
uptake manageable by mitigating their adverse effects. Coal
will remain an important source for generating electricity
well into the future so it is likely that end-of-pipe mitigation
technologies and carbon capture and sequestration systems
will emerge as critical aspects of its use. Likewise, water
and drainage treatment technologies are already seeing
significant new demand associated with managing the

substantial flows of contaminated “process”
water generated by the hydraulic fracturing
techniques used in extracting gas and oil
from shale deposits.’®
Paralleling these dynamics are stresses
involving the world's water resources. Water
security threatens to become a flashpoint in
many already volatile regions of the world
where supplies are at once scarce (the Middle
East), facing significant pressure in demand
(South and East Asia), and vulnerable to
a changing climate (everywhere).” Since
agriculture soaks up 70 percent of the
water consumed globally, changes in water
supply—which will be how climate change
most tangibly affects daily human activity—
will have direct and global effects on food
security.?® Exacerbating the issue, much of
the population growth mentioned above
will take place in regions with already
overburdened or underdeveloped water
infrastructure.?’ Yet here, too, the water-
related industries of the clean economy hold
out the hope of minimizing shortfalls (and
so conflict) and securing supplies through
efficiency gains and advancements in
purification, management, and recycling technologies.??

A world-wide aspiration toward economic transformation.
Finally, there remains a third increasingly ascendant factor
behind the clean economy'’s significance: the prospect of
industrial transformation. The clean economy matters,
in short, because it interacts with nearly every aspect of
the rest of the economy and is emerging as a site of rapid
technological and process innovation world-wide.

Innovation, after all, remains a crucial driver of economic
growth, and so clean economy innovation—-motivated by
the unprecedented environmental and resource challenge
outlined above—appears a likely source of future economic
development as firms of all kinds seek to invent new,
environmentally friendly ways to decrease the world's
carbon and resource intensity.?®

In fact, the likelihood of transformation is already
attracting investment. Some $1 trillion in investment
capital globally flowed into clean energy segments alone
between 2004 and 2010, as yearly investment levels nearly
quintupled from $52 billion to $243 billion.?* Looking
forward, a recent survey by Ernst & Young found that three-
quarters of major global corporations plan to increase their
“cleantech” budgets from 2012 to 2014 and that 40 percent
of that spending will flow into R&D.2° Turning to water, the
prospect of innovation is also attracting increased investor
attention. Most notably, venture capital (VC) firms poured
nearly $1.25 billion into the historically staid sector between
2005 and 2010 through close to 250 separate deals.?®

In this regard, one of the most important heralds of
both present and future innovation potential and economic
transformation may be VC investment. VC backed firms are
roughly three to four times more innovative (as measured by
their patent production) than their counterparts that receive
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other forms of private investments and as it happens clean
economy companies are increasingly in the sights of VCs.?”
Between 1995 and 2010, the share of U.S. VC dollars flowing
to clean economy concerns increased from 2 percent in 1995
to 16 percent in 2010.28 Looking forward, analysts predict
increasing shares of global and U.S. VC investment to flow
into clean economy technologies.?®

Even now the pace of innovation has picked up in many
clean economy sectors, and with it the possibility that the
clean economy will create future jobs as well as new climate-
friendly goods, services, and processes. On this front,
patenting tells the story. According to the Organization for
Economic Cooperation and Development (OECD), patent
applications filed at the European Patent Office (EPO)
related to the clean economy rose from 4.6 percent of all
patents in 1987 to 7.4 percent in 2007, such that by 2007,
over 9,000 clean economy patent applications were being
filed annually, just at the EPO. Some 17 percent of these
patents originated with U.S. inventors.3°

In short, the clean economy increasingly looks like a
promising location for the emergence of significant new
technologies, processes, and industries that will shape the
next economy and generate new jobs. That dozens of the
world's nations ranging from Brazil and China to South
Korea and Turkey are investing heavily in such development
both reinforces the emerging consensus and underscores
that the “race to clean"” has become an urgent competition
among states for the resource productivity, jobs, and export-
oriented manufacturing that will come with it.>

The metropolitan clean economy matters
because that's where the clean economy is
being built, firm by firm and cluster by cluster.
But why, then, does the metropolitan or regional clean
economy matter inordinately? The reason has to do with the
special importance of geography in economic life.

Regions contain, aggregate, and amplify the key “drivers"”
of innovation and economic dynamism.3' Far from being
placeless, the economy—and economic change-is place-
based. In this respect, the clean economy-like the rest of the
economy—is neither disembodied nor “flat,” but concentrates
in particular places.*

This concentrated reality of the national and the clean
economies is first of all arithmetic. Just as the 100 largest
U.S. metropolitan areas encompass two-thirds of the nation’s
population but three-quarters of the nation's economic
output, such places contain and add up key pluralities of
the nation’s clean economy markets and inputs.

The largest 100 metros contain, for example, 66 per-
cent of the nation's population, 63 percent of the nation's
residential structures, and 64 percent of the nation’s
vehicle miles traveled while accounting for 56 percent of
the nation’s carbon emissions.3* As such, these regions

represent the nation’'s prime users of public water, electricity,
and fuel; stand as the core generators of wastes and
pollution that must be remediated; and so represent a

prime global market for air and water management, energy
efficiency goods and services, building retrofits, renewable
energy, low-carbon transportation solutions, and the smart
systems needed to run them. Already, 73 percent of the
nation's LEED certified green buildings stand in the nation’s
top 100 metro areas.®

More than major markets for clean economy goods
and services, however, the nation's largest metro areas
aggregate the key inputs to clean innovation. Two-thirds of
the nation’'s major research universities and environmental
science and energy doctorate programs reside within the
100 largest metropolitan areas as do three-quarters of the
nation's workers with degrees in science and engineering.3¢
Likewise, 48 out of nation’s 83 top environmental sciences
and energy research laboratories operate there.

At an early stage of the commercialization pathway,
no fewer than 96 of the 119 companies and research
organizations that have so far won grants from the
Advanced Research Projects Agency—Energy (ARPA-E)
for cutting-edge clean energy research projects are based
in the largest U.S. metros.’” Farther along the path,
Department of Energy (DOE) loan guarantees have also
flowed heavily to metropolitan centers of commercial
activity and deployment. Some 86 percent of this financing
has flowed to the 21 projects (out of 30 total) located in
the 100 largest metro areas.3® On the environmental side,
65 percent of Small Business Innovation Grants administered
by the Environmental Protection Agency flowed to the top
100 metros.

These results reinforce U.S. economic geography. The
100 largest metropolitan areas are the nation’'s innovation
engines, generating some 78 percent of the nation's green
patents.?® Their dynamism, moreover, means that 54 of the
58 highest-impact U.S. cleantech firms called out in the
2010 Global Cleantech 100 list are based in the 100 largest
U.S. metropolitan areas. (Going further, 39 of the 58 are
headquartered in just four metros characterized by vibrant
clean economy industry clusters—Boston, San Francisco, San
Jose, and Los Angeles).*°

In short, metropolitan areas, large and small, are now
and will increasingly be the nation’s critical centers of clean
economy talent, innovation, and finance and so its top hubs
of commercialization, deployment, and trade.

Regions and metropolitan areas, in short, are not a part
of the national clean economy; they are that economy, as
Alan Berube has written.*!

For all of its significance, though, rather little is known
about the size and shape of the clean economy, especially
at the regional level. "Sizing the Clean Economy” is one
response to that gap.
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Whatever the terminology, the “clean” or
“green” or low-carbon economy prompts
almost as much confusion as it does curiosity

and fascination. One reason: Defining

it and

measuring it have proven extraordinarily

difficult.

Literally hundreds of disparate studies of the clean or
green economy exist. In fact, the California Employment
Development Department requires 24 pages in a recent
digest to list all of the studies it tracks on the clean
economy. Many of these studies focus on individual states.
Others create national data using various methods. And
many of the analyses employ varied definitions of this
heterogeneous sphere of economic activity. For their
part, the state- or region-specific studies provide detailed
information but usually can't be compared across geographic
units to place states or metropolitan areas in the national
context. At the same time, the national studies either ignore
sub-national geography or only provide information at a very
high level of aggregation.

Hence, what follows is the first study of the U.S. clean
economy to provide consistent and timely information that is
both comprehensive enough in its scope and detailed enough
in its categorization to inform national, metropolitan, and
even local leaders on the recent dynamics of the U.S. low-
carbon and environmental goods and services super-sector—
with particular emphasis on regional growth and evolution.

Similarly, the pages that follow extend a large body of
work at the Brookings Metropolitan Policy Program on
the nature of the emerging “Next Economy" in the United
States.? This work has focused on the possible underpinnings

of future U.S. growth and moved to investigate the
contention that the “next” U.S. economy needs to be more
export-oriented, lower-carbon, and innovation-driven as

well as opportunity rich. Key methodological decisions in
developing this report were made with those preoccupations
in mind. Further details are available in a detailed
methodological appendix that is available separately from
this report at the “Sizing the Clean Economy” project page
on the Brookings website (http://www.brookings.edu/metro/
clean_economy.aspx).

While there is no consensus on a definition of the clean
economy, there are many points of agreement. Moreover,
various studies have openly and thoughtfully addressed the
difficulties involved. In advancing a definition of the clean
economy, therefore, this report seeks to align itself with
well-established guidelines and precedents while laying out
rules that are simple, internally consistent, transparent, and
replicable.

The basic definition of the clean economy used in this
study runs as follows:

The clean economy is economic activity—measured

in terms of establishments and the jobs associated
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with them—that produces goods and services with an

environmental benefit or adds value to such products

using skills or technologies that are uniquely applied to
those products.

To elaborate on this relatively succinct and conservative
definition, a few words are in order on the precedents, terms,
and approach employed here.

First, it bears noting that the language and distinctions
used here draw heavily from both European and U.S.
government statistical precedents. Most notably, key aspects
of the present definition, categorization, and approach
draw from previous definitional and measurement work
by Eurostat and the Organization for Cooperation and
Development (OECD) as well as by the U.S. Environmental
Protection Agency (EPA) and the U.S. Bureau of Labor
Statistics (BLS), which will next year release its own
measurement of the “green"” economy.? In that sense this
measurement has sought continuity with other authoritative
research rather than newness.

Second, it is also worth noting that this is an economic
development study focused tightly on clean economy
business establishments and the jobs they create. To
elaborate on this orientation, this report is primarily about
the establishments and jobs of U.S. enterprises whose
products have an environmental benefit, including those
that add value as part of the clean economy supply chain.
Given that, the report does not attempt to measure jobs in
companies that conduct themselves in an environmentally-
friendly manner. Rather, it insists that companies and
establishments sell, or in the case of the public sector,
provide products or services with an environmental benefit
(either inherently, like environmental remediation services
or relatively, like organic food or solar panels). For example,
no effort was made here to count companies that adopt
internal environmental goals, reform their processes to
make them more environmentally responsible, or even
contribute to general public knowledge about environmental
issues. However valuable these activities are, this study
excludes the jobs related to those activities from the clean
economy. They could be thought of as “clean process" jobs,
as opposed to “clean production” jobs.

As stipulated above, moreover, a product must benefit the
environment to be deemed “clean.” This is consistent with
the BLS standard for its clean production survey, and it is a
slight variation on the Eurostat standard which mandates an
environmental purpose.® The environmental benefits include
preventing or minimizing pollution (including greenhouse
gas emissions), or natural resource depletion, or managing
natural resources, including energy, air, and water, for
greater efficiency, conservation, or protection.

The last part of the above definition—regarding
companies that add value to clean economy products—is

intended to capture the relevant aspects of the clean supply
chain. Companies that directly produce clean technologies
or services, like wind turbines, are unambiguously part of the
clean economy, but it is less clear how to classify companies
that supply parts or services to those clean producers, such
as manufacturers of parts for turbines. Some suppliers
provide products that are used across industries and
purposes (e.qg. screws, computer equipment, accounting,
financial management), but others make products that

are only used in the clean technologies or require skills

that are unique to clean technologies (e.g. blades, frames,
environmental engineering). The guiding principle used

in this study has been to only include the establishments

of companies that add value uniquely to clean products,
whether by supplying a special part or a service, using skills
or technologies that are unique to the clean economy. For
example, home weatherization, energy retrofitting, and
solar panel installation require skills that distinguish those
services from traditional maintenance work or roofing.

Finally, some industry and impact studies estimate
“direct” and “indirect” employment. By contrast, this study
measures only employment in establishments that directly
produce goods and services with environmental benefits,
or produce uniquely tailored goods and services that add
value to products with an environmental benefit. Studies
of “indirect"” jobs, for their part, use information on cross-
industry purchases to claim that one industry stimulates
the creation of jobs in another. This method is useful for
regional impact studies that estimate the effect of business
relocations and national impact studies that estimate the
effect of government stimulus during a downturn. In both
cases, the source of added revenue can be thought of as
external and temporary. However, such an approach is
not appropriate for a study like this one where there is no
external source of revenue. No establishment generates its
own revenue out of nothing, and so every direct job is some
other industry’s indirect job.

Consequently, the job totals reported here will be lower
than many studies which include “indirect” jobs. This isn't to
deny that clean economy firms are involved in rich networks
of business relations with traditional “non-clean” firms; it
is simply to say there is no reason to think of these general
suppliers or customers as components of the clean
economy sector.

This approach has the advantage of being firmly rooted
in economic activity connected to supply and demand in
competitive markets, rather than just voluntary business
philanthropy. This focus, along with a “direct” jobs count
from actual companies, makes the measurements akin to
industry data from government agencies and provides the
sort of straightforward information needed for strategic
thinking about investments.
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With the definition and method settled, the Brookings-
Battelle team proceeded to measure the clean economy
by building a database of clean economy companies and
establishments “from the ground up.” That is, instead of
doing a national survey, which would be extremely costly
if it were to be locally representative and require an array
of difficult assumptions about sampling, the team took on
the task of identifying and locating every company (and
ultimately establishment) in the clean economy that could
reasonably be identified using a variety of validated public
and proprietary data sources.

Normally, standard industrial codes would be used
for such a measurement exercise, but because the clean
economy pervades so many industries, many codes contain
establishments that fall both inside and outside the clean
economy while at the same time no existing industry
classification system breaks out green industries, whether it
be solar energy activities, energy efficient products, green
materials production, or enterprises aimed at the reduction
of greenhouse gases. Or as the BLS explained in its March 16,
2010 Federal Register notice on approaches to measuring the
green economy: “The studies reviewed showed that neither of
the standard classification systems used in the BLS data, the
North American Industry Classification System (NAICS) or the
Standard Occupational Classification (SOC), identifies a green
or environmental grouping of industries or occupations.”

The upshot: Company and ultimately establishment-
specific information was needed to identify and quantify
clean economy establishments and employment.

Identifying clean economy companies and
establishments

Two approaches were taken to identify clean economy

firms. First, a set of industries deemed exclusively part of

the clean economy was identified using the eight-digit SIC
(Standard Industrial Classification) system developed by

the business intelligence firm Dun & Bradstreet (D&B) and
maintained as a time series by Walls & Associates as the
National Establishment Time Series (NETS).® In performing
research on the clean economy for the Pew Charitable Trusts,
Collaborative Economics developed a list of industries that
could be considered completely embedded in the clean
economy, in that each establishment in that listing produces
goods or services that have an environmental benefit as
defined above. More recently, Berkeley researchers worked off
that list and added over 100 new SICs to it.” This study used
the Berkeley list as a starting point and incorporated almost
every company, establishment, and job in those industries and
added relevant SICs for air, water, waste management and
treatment.® This industry-based approach yielded 49 percent
of all jobs and 69 percent of all establishments included in
this study (see external appendix for full list).?

The second approach employed for identifying clean
economy firms and establishments was to create a validated
master clean economy list to catalogue every known industry
association, certification, federal grantee, venture capital
recipient, patent assignee, and product list that is relevant
to the clean economy. In this fashion, over 60 lists of clean
economy companies (see the appendix) were compiled to
create a substantial list of firms. The team also considered
and incorporated listings from market research organizations
and proprietary industry data sources, such as the Environ-
mental Business Journal and Plunkett's Renewable,
Alternative and Hydrogen Energy Industry Almanac. All of the
lists were carefully validated. Lists were rejected if the team
discovered that non-clean economy companies were allowed
to join. The companies from the master list were incorporated
into the study, and duplicate establishments were removed.

With the industry codes identified and firm lists
assembled, the next step was to find statistics on the
companies and their relevant establishments using Dun &
Bradstreet. Establishment history and other characteristics
were added through the use of NETS.

For companies that produce both “green” and “non-
green” products an effort was made to include only
establishments that specialize in the clean economy
production. This task was facilitated by Dun & Bradstreet
and NETS because they employ detailed industry
classification schemes that distinguish activities across
establishments of the same company and even within
single locations.

For cases where large establishments were known to
produce both green and conventional products, information
from companies, including their websites, was used to
allocate a percentage of the site's employees to the clean
economy based on the relative importance of its clean
products compared to all of its products. Because of the
nature of the Dun & Bradstreet database, many of the
smaller establishments of less than five employees were a
mix of independent contractors and field offices rather than
stand-alone establishments. In order to ensure consistency
within the establishment and job count, those very small
establishments were excluded from the Brookings-Battelle
database. This resulted in a roughly five percent reduction
in the total number of clean economy jobs and a larger
reduction in the number of establishments as most of them
had zero jobs. (See appendix for details).

Classifying the establishments
Once the company, establishment, and job information was
compiled, the next step was to classify it. The goal was to
make the data as analytically useful as possible to facilitate
research at various geographic levels and especially for
regional economic development planning. There were a
number of options, and ultimately this study reports the
data in three ways.

First, through Dun & Bradstreet and NETS, the data
is organized by NAICS categories, which is how the
U.S. government reports data (e.g. for manufacturing,
construction, financial services, and so on). Second,
because only a small fraction of NAICS categories reside
within the clean economy, a second scheme was adopted
that divided establishments into five high-level categories
(largely adopted from the BLS). Finally, to provide a third,
finer-grained categorization, 39 segments designed by the
Brookings-Battelle team was used to further narrow the
class of business activity and allow for detailed analysis.”®
Establishments were assigned to segments based on their
industry code, the list used to identify them, or, in some
cases, information provided by the company's website." The
external methods appendix presents a table that shows how
the company lists were matched up to segments.

Other measures

A series of other measures were created using the clean
economy database. Details on how these were calculated
are available in the appendix document. A quick description
follows:

Because of the way companies were identified—using
member lists, grantee lists, and so on—no way existed for
recreating the same universe of clean economy firms
in previous years. Yet, the employment history of firms
currently existing—including when they were born-was
available through NETS from 2003 to 2009 (with D&B data
providing the most current 2010 jobs figures—as downloaded
in early 2011). This created a problem when calculating
growth rates: The base year was artificially higher than
it would otherwise be because the database contained no
record of job losses from establishments that went out
of business (only those that laid off workers). This is fine
when comparing segments, states, or MSAs, because the
bias is shared more or less evenly, but it won't work for
comparisons against the “non-clean” national economy. To
adjust U.S. growth from 2003 to 2010 for the loss of jobs
from closing establishments, information was obtained
from the Bureau of Labor Statistics’' Business Employment
Dynamics series and the NETS.”? The national base year
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Table 1. Brookings-Battelle Clean Economy Industry Categories and Segments

Brookings-Battelle Category

Agricultural and Natural Resources Conservation

Education and Compliance

Energy and Resource Efficiency

Greenhouse Gas Reduction, Environmental Management,
and Recycling

Renewable Energy

could then be adjusted to calculate what growth would have
been nationally if no jobs were lost from establishments that
closed. The job growth figures reported in this report reflect
this adjustment, and therefore are higher than actual net
growth rates.

Exports from each establishment were estimated
by allocating national exports for a given three or four-
digit NAICS industry to establishments based on the
establishment’s share of total U.S. employment in that
three or four-digit industry. A similar approach was applied
to metropolitan areas in recent Brookings research and is
described in detail in that report.® The same sources and
technigues were used here.

Data on the number of occupations, type of occupations,
wages, and education requirements for each job were
calculated using national statistics from the BLS's
Occupational Employment Statistics (OES) program and
Employment Projections Program (EPP).* OES provides
estimates for the number and type of occupations in each
four-digit NAICS, and EPP provides education attainment
estimates for each occupation. Occupations that fell within
the middle range of the median wage distribution were
classified as moderate-wage “green collar” pursuits.

Establishments were identified as clustered if they were
located in a county with a significant number of jobs in other

Brookings-Battelle Detailed Segments

Conservation
Organic Food and Farming
Sustainable Forestry Products

Re