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Chapter 1

GREEN GROWTH:
OPPORTUNITY OR DISTRACTION
FOR THE CLIMATE CHALLENGE

A serious and credible response to climate change will
require reductions in greenhouse gas emissions of 50-
80% over the 21st century. The potential cost of those
reductions, and the challenge that cost poses to econo-
mic growth, have generated intense political debate over
whether and how to make the transition to a low-carbon
economy. Even in the face of the imperative to act on cli-
mate change, this debate has often delayed or prevented
serious action.

In response, the “green growth” argument suggests the
debate over cost is misguided. Instead, it may be possi-
ble for nations to promote economic growth by reducing
emissions—to have their cake and eat it, too. The Euro-
pean Union’s road map to a low-carbon economy pro-
jects that the investment and innovation required to re-
duce European emissions by 80% between now and 2050
will save upwards of €175 million, generate up to 1.5
million new jobs, and improve European export compe-
titiveness in a range of high-technology markets (Euro-
pean Commission 2011b, 4, 11-12). Such numbers offer
the promise that action on climate change can create new
economic opportunity, rather than remain simply a cost
that the world must bear. And The European Union is by
no means alone in making this argument. In the after-
math of the 2007-2009 financial crisis, “green growth”
has attracted significant attention as a way out of today’s
economic doldrums.

On closer scrutiny, however, no single concept of
“green growth” has emerged. In the review of the public
and policy attention paid to green growth that follows,
we instead find three, almost entirely separate debates
with very different ambitions. The first, and most modest
merely proposes that emissions reduction can be com-
patible with growth, contra those who would argue that
climate action must always limit economic possibility. A
second, more ambitious argument emphasizes the pos-
sibility that investments in low-carbon technology and
infrastructure can become a new jobs engine in a depres-
sed economy. Finally, the third and most ambitious argu-
ment posits that green investment can go beyond mere
job creation to fuel a new “green industrial revolution” as
transformative as earlier eras of economic change.

This review asks two questions: first, how have the
public and policy debates over green growth evolved; and
second, does academic research on economic and climate
policy support the claims and assumptions made in these
debates, and with what consequences for the green growth
hypothesis? As we make clear, careful scrutiny of the most
popular proposals for “green growth” suggests that they
may well succeed at reconciling economic growth and
emissions reduction. But it'’s by no means clear that they
offer general proposals for using the transition to a low-
carbon economy to generate growth directly.

We conclude the review by noting the dissonance bet-
ween the green growth discussion and the scale of the
emissions challenge itself. Throughout the green growth
discussion, almost no mention is made of how the chan-
ges required to achieve emissions reduction might cata-
lyze growth in the broader economy. Significant emissi-
ons reductions will require the transformation of today’s
high-emissions, low-efficiency energy systems. That
transformation will require parallel and complementary
changes to the markets, technologies, and regulatory
structures that dictate how economies produce, distri-
bute, and use energy. In its scale and scope, this transfor-
mation—of the electricity network in particular—bears
some resemblance to earlier periods of network transfor-
mation, such as rail transport or information technology.
As section 5 will show, those transformations, far from
being a cost, fundamentally altered what was possible
for the economy as a whole. Instead, they drove waves of
growth by creating a platform on which the broader eco-
nomy could build new innovations, business models, and
modes of value creation. To replicate these earlier succes-
ses, green growth, if it is to deliver on its promises, must
go beyond a short-term focus on jobs or investment.
Instead, it must put more emphasis on how to structure
the low-emissions energy systems transformation to ena-
ble the entire economy to discover that transformation’s
potential to alter and expand the possibilities for value
creation and growth. Green growth, therefore, must con-
sider how the greening of the energy sector can become
the growth engine for the entire economy.
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Chapter 2

"GREEN GROWTH":
DEFINITIONS AND CONCEPTS

To date, no standard definition of green growth has
emerged from the public and policy debate. We identify
a range of definitions, from a narrow desire to reconcile
emissions reduction to economic growth, to a compre-
hensive plan to improve the resource efficiency and envi-
ronmental sustainability of the capitalist system.! For the
purposes of this review, we define green growth to mean
“job creation or GDP growth compatible with or driven by
actions to reduce greenhouse gasses.” This more limited
definition makes no claim about the importance of the
more ambitious definitions of green growth. Instead, it
reflects the overwhelming interest in the climate change
problem for economies facing both job creation and
growth challenges in the coming years.

We find at least six different definitions of the “green”
in green growth. The first four build on each other as
different sets of “green” priorities with which “growth”
would coexist:

1. Climate change mitigation via significant reductions
in greenhouse gas emissions (e.g. International Energy
Agency 2009)

2. Emissions reductions, plus ecosystem protection and
the protection of human health in service of human
welfare (e.g. Shafik 1994)

3. All of the above, as absolute goods rather than only in
service of human welfare (e.g. Congressional Budget
Office 2009)

4. 1-3, plus the mitigation of all human impacts on the
natural world, including wilderness and species pres-
ervation, resource efficiency, and limits to consump-
tion (e.g. The Danish Government et al. 2009, United
Green Parties for Europe 2009)

Two further definitions expand substantially on these
definitions of “green’, taking a more holistic view of the
relationship of economic production and environmental
sustainability:

5. A general concept of “environmental carrying capac-
ity” that seeks to reconcile economic growth to an as-
sumption of limited ability of the environment to sup-
port human economic activity. (e.g. Daly 1991, OECD
2010, World Bank 1992).

6. A notion of the dynamic ability of the environment
to respond to growth-induced shocks. (e.g. Arrow
1995).

As this overview quickly makes apparent, approaches
to “green growth” cover a spectrum from narrow con-
cerns about climate change on the one hand, to larger
critiques of the environmental sustainability of modern
capitalism on the other. All of these definitions of “green”
have merit and many offer a more comprehensive look
at environmental sustainability, but this review lacks the
scope to address them all. We thus restrict our review to
the question of how the move to a low-carbon economy
may impact growth, and whether the investment and in-
novation that move will require can act as an engine for
job creation or economic growth more generally.

1 Separate from a debate about
which economic strategies qualify
as “green’; there is, of course, an-
other debate that concerns which
technologies should be considered
“green” Nuclear power in particu-
lar generates substantial contro-
versy in this debate because of its
tradeoffs between zero-emissions
electricity and the environmental
and human health issues implicit
in radioactive waste and risk of
accident. This debate has become
particularly acute in the after-
math of the 2011 earthquake and
tsunami in Japan, and the nuclear
crisis it caused. This literature re-
view does not take a position on
which technologies should qualify
as “green’, and notes that many of
the economic strategies discussed
could apply to any technology, nu-
clear fission included.



Chapter 3

THE GREEN GROWTH
DEBATE: POPULAR AND
POLICY PERSPECTIVES

In the aftermath of the 2007-2009 financial crisis, green
growth has received new attention from the popular press
and policy analysts alike. That attention came not least
because green growth promised to solve the growth and
climate problems simultaneously. Countries concerned
about the problem of unchecked carbon emissions had
found a potential way around the substantial cost of
emissions reductions. Those less concerned with emis-
sions, and more with economic prosperity, could claim
that investments in new energy infrastructure would cre-
ate jobs and improve economic competitiveness.

But the arguments in favor of green growth differed
widely in their goals and assumptions. Three categories
of arguments became apparent, reflecting very different
ambitions for tying emissions reduction to economic
growth. The first, and most modest, argued that emis-
sions reduction was at the least cost-neutral for an econ-
omy and as such represented little threat to economic
performance. The second, targeting the widespread un-
employment that followed on the financial crisis, sought
to use investment in low-emissions technology and in-
frastructure to create jobs in the medium term. Finally, a
third, more ambitious version of green growth envisions
the innovation and investment required for emissions re-
duction as the precursor to a new industrial revolution
that would bring rapid income and GDP growth.

Each of these visions of green growth makes very
different assumptions about the origins of job creation
and growth, and suggests very different strategies for
economic policy. Here, we outline the debates over these
policy prescriptions, and the key points of disagreement
over their chances for success. We return to those disa-
greements in section 4, to evaluate whether the research
literature supports the assumptions made by the advo-
cates of different versions of “green growth”. As we shall
see, while these arguments has some merit, each remains
highly contingent on particular circumstances, and thus
of limited scope. A broadly applicable, long-term vision
of green growth will need to look beyond these measures,
a topic that we take up in section 5.

3.1 A modest argument: making emissions reduction
compatible with growth

Designed correctly, the right policy mix may keep the
cost of emissions reduction low enough to pose only
negligible threats to economic growth. In the context of
the climate change debate, this alone would be a major
achievement. The question of cost, rather than benefit,
has dominated the climate debate since its inception.
Emissions reductions are seen to require substantial in-
vestments in new technology and infrastructure. These
investments are usually justified on the basis of the high
cost of inaction—the price of unchecked climate change.
But the immediate cost of emissions reduction, if high
enough, could threaten economic growth, a prospect that
has proven politically unpalatable.

In that context, “green growth” can succeed if it mere-
ly minimizes the cost of a transformation to a low-carbon
economy. Actually breaking even—suggesting there is no
real opportunity cost to investments in emissions reduc-
tion—thus qualifies as a goal of real though modest am-
bition. To achieve this definition of “green growth”, the
popular and policy debate has emphasized the pre-em-
inent role of an emissions price, possibly coupled to the
removal of market-distorting fossil fuel energy subsidies.
It has also emphasized the immediate economic benefit
of lowered exposure to fossil fuel energy price uncer-
tainty, particularly where Middle Eastern energy suppli-
ers are concerned. But this approach stands in contrast to
the more ambitious arguments that emissions reductions
can go beyond merely breaking even.

"9 Climate action and
economic growth can
coexist if the cost of
emissions reduction can
be contained.
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Chapter 3

3.1.1 Price fundamentalism: market mechanisms for
minimizing transaction costs

Economic policy arguments, looking for a market-
based solution to emissions reduction, has argued that
a price on emissions can drive the changes required to
bring down emissions at the lowest cost. That transition
to alow-emissions economy will require a host of new in-
novation and investment, the specific contours of which
are unknown and may vary dramatically across different
countries and economic systems. Given the complexity of
that transition, economists have emphasized that arms-
length regulation via market mechanisms will provide
the most efficient, least cost method of greenhouse gas
emissions reduction.> A policy of setting a price on car-
bon—whether via a tax or a cap-and-trade system—can
offer greater flexibility to firms and households, ensure
that emission reduction happens where the cost is low-
est, and generate a clear market incentive for innovation
in low-carbon technologies (U. S. CBO 2009, Nordhaus
2010, Pooley 2010).

Some estimates find that emissions prices alone can
achieve emissions reduction minimal cost to GDP com-
pared to no action at all. The Stern Review claims that
the cost of emissions reduction policies may vary from a
net gain of 3.7% of global GDP, to a net loss of 3.4%, de-
pending how cost-saving mechanisms, outlined further
in section 3.1.2 interact with the emissions price (Stern
et al. 2006). Separately, the U.S. Congressional Budget
office estimates that a national emissions pricing policy
would likely reduce annual GDP growth in the United
States by only 0.03% to 0.09% per annum between 2010
and 2050, in the context of an estimated 2.4% average an-
nual growth rate (2009a, 13). These estimates do predict
a temporary, but real decrease in employment during the
transition to a low-carbon economy, as labor markets
adjust to the decline of high-emissions sectors and the
introduction of low-emissions technology. Both studies
suggest that the overall cost picture improves if other ef-
forts, such as intensified public support for basic research
in low-carbon technologies or the removal of fossil fuel
subsidies, occur alongside the carbon price.

Despite these relatively modest cost estimates, policy
arguments against an approach reliant solely on prices
come in four forms:

77 A price on emissions
will play an important
role in making
emissions reductions
more efficient.

77 But critics fear that high
emissions prices will
undermine support for
long-term emissions
reduction, and hurt
economic competitiveness
for energy-intensive
industries.

1. That increased consumer energy prices will dispro-
portionately affect poorer people;

2. That increased energy prices will impose high costs
on industry and lead to lost competitiveness, signifi-
cantly increasing the cost of emissions reduction;

3. That the process of permit allocation under cap-and-
trade systems is open to abuses and corruption that
will necessarily increase the program’s cost;

4. That a carbon price may be politically unfeasible in
certain national contexts, delaying emission reduction
efforts.

Moreover, even if successfully implemented, such a
program may achieve only minimal emissions reduction,
while creating other problems along the way. Critics point
to the European Union’s Emissions Trading Scheme
(ETS) as a case in point. Detractors attribute to the ETS
Europe-wide increases in household and industrial en-
ergy costs, and the labor protests that followed (Mufson
2007). Recent news regarding the cyber theft of insecure
carbon allowances valued at € 30 million from several EU
states has further corroborated arguments of the poten-
tial for abuse and corruption (Chaffin 2011). Further-
more, opponents contend that the EU cap has not suc-
ceeded in lowering emissions (Mufson 2007). Indeed, the
recession, and not the ETS, has arguably been the most
effective emissions reduction tool in Europe over the last
decade. These objections led Nordhaus and Shellenberg-
er (2007) to critique a carbon cap-and-trade as politically
impossible within the American political context, noting
pervasive interest group and party opposition. Focus on
such efforts will derail any real action; instead they pro-
pose massive public investment in renewable energy as
the best means to achieve emissions reductions amidst a
hostile political climate.

In response to critiques of the European model, propo-
nents of the cap-and-trade policy argue that the EU exam-
ple is in its nascent stage and requires a few trial years to
smooth out price and allocations specifics and should not
be viewed as an indictment of the entire policy (Duggan
2009). Proponents of cap-and-trade further argue that an
emissions cap is essential to actually reducing emissions.

2 This argument is consistent
with a longstanding tradition from
environmental economics that
treats pollution as a market failure
that creates negative externalities.
In those cases, the correct solution
is a Pigouvian tax or an equivalent
permit scheme that treats the
right to pollute as a property right
that can be valued in the market.
(Baumol 1972, Weitzman 1974)



Pooley (2010) notes that, absent a cap and within the con-
text of increasing demand, investment in renewables will
provide another source of energy rather than a replace-
ment to fossil-fuel sources. This may keep emissions from
growing, but will not contribute to their reduction.

3.1.2 Eliminating barriers to growth: fossil fuel
subsidies and corrective taxation

Elimination of fossil fuel subsidies provides another
route towards low-cost emissions reduction. Removal of
fossil fuel subsidies, the argument proposes, would facili-
tate the transition to a low-carbon economy by removing
the policy-induced distortions that favored an emissions-
intensive economy. Moreover, doing so would reduce
the fiscal burdens on oil-importing nations. These sav-
ings could be used to further the low-carbon transition
through support of low-carbon technologies, and com-
pensation to those displaced by the move away from fos-
sil fuel-dependent production (OECD 2010). The IEA
estimates that a global removal of fossil-fuel subsidies
would reduce CO2 emission by 6.9% and reduce global
energy demand by 5.8% by 2020 (International Energy
Agency 2009, 5, 7).

However, opponents point out that oil-exporting
countries are likely to suffer some real income losses
through these policies, reducing the overall cost-re-
duction impacts of subsidy elimination (OECD 2010).
In addition, without price support energy will become
prohibitively expensive for the worlds poor, particu-
larly harming the developing world. India has already
witnessed large protests over petroleum subsidy removal
(Reddy 2010). The political opposition that could result
in these circumstances may undermine both economic
growth and support for further emissions reduction.

Proponents have suggested that revenue from carbon
tax or permits can be used to address the burden of high-
er energy costs on low and middle-income households
(Center for American Progress 2008). Improving equity
has little impact on economic growth, but can make poli-
cies more politically appealing and thus sustainable over
the long term.

Finally, using fossil fuel taxes or the savings from sub-
sidy removal to fund tax reform could generate a “double
dividend” of emissions reductions and improved eco-
nomic efficiency. Policy analysts have argued that shift-

"7 Energy subsidy and tax
code reforms may help
alleviate the impact of
emissions prices on
competitiveness, while
still achieving emissions
reductions.
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ing the tax burden from these “goods” to environmental
“bads” like fossil fuel consumption and carbon emissions
can improve the efficiency of the tax system, increase em-
ployment and investment, and support emissions reduc-
tion (OECD 2010). Theoretically, at least, this could yield
two gains—for emissions reduction and for the efficiency
of the economy as a whole. Such an economic trifecta
would offer the promise that policy measures like carbon
pricing would, under the right circumstances, improve
immediate economic welfare via job creation and capital
investment. These policies formed a significant compo-
nent of many European tax reform packages in the 1990s,
but with mixed results. We return to the analysis of these
experiences in the research literature in section 4.1.3.

3.1.3 Energy security: reducing the uncompetitive
impacts of fossil fuel importation

Finally, by reducing vulnerability to volatile and increas-
ing international fossil fuel prices and supply disruptions,
the adoption of low-emissions renewable energy can off-
set its higher costs and mitigate the impact of emissions
reductions on growth. Energy importing economies face
global prices for energy over which they have little con-
trol. Increased global demand for energy, limited supply,
and political instability and conflict in many energy-
producing regions, have created substantial price vola-
tility, particularly for petroleum. In other cases, political
conflict between countries has led to supply disruptions,
such as the stoppage of natural gas flows to eastern Eu-
rope consequence of a dispute between Russia and the
Ukraine.

Price disruptions harm economic growth and com-
petitiveness via two mechanisms. High energy prices dis-
tort production costs and affect the competitiveness of
domestic firms on international markets. Volatile energy
costs impose hedging costs as firms attempt to insulate
themselves. Both high and volatile prices put pressure on
exchange rates as import costs increase, affecting nation-
al balance of payments and exchange rate stability. For
countries dependent on imported fossil fuels, exposure
to volatile energy prices has adverse impacts on competi-
tiveness via both the cost of energy and through the ex-
change rate channel.

Energy supply disruptions can be even more harmful
than price volatility. For countries highly dependent on
imported energy, supply disruptions—whether directly
or via a third-party transit country—can bring econom-
ic activity to a standstill. This proved to be the case for
Eastern Europe, when natural gas supplies from Russia
stopped during the winter of 2007. In that context, the
potential for domestic production of renewable energy
began to look quite economical compared to the shut-
down of the economy for lack of energy supplies.

Therefore, an emissions reduction strategy that less-
ens import dependence can offset its costs via increased
stability of supply and price. These cost offsets may mini-
mize the price of the transition to a low-carbon economy
and generate real, immediate benefits for firms and ener-
gy consumers (Keohane 2008; Wall Street Journal Europe
2010). The public salience of this argument became quite

Shaping the Green Growth Economy 9
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77 By protecting economies
against high, volatile
fossil fuel prices,
renewable energy
can improve energy
security and economic
competitiveness.

clear when South Korean President Lee Myung-bak refer-
enced “energy vulnerability”, consequence of his country’s
dependence on oil and gas imports, as strong driver for
Korea’s ambitious green growth strategy (Associated Press
2009). Danish and American political leaders have voiced
similar arguments (Zichal 2011; IEA 2006). Indeed, Dan-
ish firms are widely regarded to become more globally
competitive as fossil fuel prices rise, due to their relatively
lower dependence on fossil fuels as energy inputs.

In sum, it may be possible to “green” present patterns
of economic growth, reducing emissions at relatively
minimal cost. Advocates of this view of green growth
content that a sensible carbon price, coupled to savings
from reduced exposure to energy price and supply risks
and reduced carbon fuel subsidy costs, could drive tran-
sition costs to a minimum. But this argument remains
both publically and politically contentious, and requires
a range of choices—to impose taxes and reduce subsi-
dies—that stand to create real opposition. Moreover, the
argument as a whole offers little immediate benefit, even
as it also suggests little actual pain.

3.2 The allure of green jobs
In the face of high unemployment following the 2008
financial crisis, a second, more ambitious argument for
green growth emerged in the public debate. If invest-
ments in renewable energy or energy efficiency could
create jobs, rather than just impose costs, it could create
the basis of a new green employment market. In the sub-
sequent debate, three different versions of the green jobs
argument emerged:

1. That Keynesian demand stimulus at times of recession
should be used to create jobs and invest in needed im-
provements to the energy infrastructure.

2. That green jobs should come from the sponsorship of
new green industries, whose demand for labor would
offset job losses in older, “brown” sectors.

3. That cost savings from energy efficiency improve-
ments could be recycled into consumption from high-
er-labor-intensity industries, generating net job gains
even as the relative demand for labor in the energy
sector fell.

10

These arguments, while not mutually exclusive, take
three very different views of how and how quickly green
jobs could be created, and how long we should expect
them to last.

3.2.1 Green Stimulus and the Keynesian logic of job
creation
John Maynard Keynes fathered the idea that governments
should engage in deficit spending during recessions as a
means of compensating for lost demand and restoring
the economy to full employment. Taken a step further,
advocates of emissions reduction argue that this spend-
ing should be targeted at renewable energy and energy
efficiency investments that both create jobs and lay the
groundwork for a lower-carbon economy (Jones 2008).
These arguments found real traction in response to the
2008-2009 global recession. Almost every OECD coun-
try, and some non-OECD countries included so-called
“green” spending in their economic stimulus packages.
By the end of 2009, China pledged a third of its stimulus
package, a total of $218.8 billion dollars, to green spend-
ing and investment; similarly, the US has also committed
12% of its stimulus package, amounting to $117.7 billion
green investment. In the EU, at least 60% of the stimulus
funds went to green measures, but totaled only $23 bil-
lion due to a smaller stimulus package overall. The gov-
ernment of South Korea spent as much as 78.7%, or $59
billion of its stimulus package on green programs despite
having a smaller overall stimulus package (Barbier 2010).
Advocates for green stimulus measures drew on a
range of data in support of their position. First and fore-
most, they contended that the investment in low-carbon
energy infrastructure would be needed in any event, and
the recession offered the opportunity to use that invest-
ment to offset the lost jobs elsewhere in the economy.
That argument drew support from advocates like Engel
and Kammen (2009), who present data suggesting that
investment in renewable energy capacity generated more
jobs than an equivalent investment in traditional energy
sources. Those jobs might come at modest cost, particu-
larly if, as Jones (2008) argued, the savings from energy
efficiency investments were counted against the cost of
those investments. Finally, policy leaders like United Na-
tions Secretary General Ban Ki-Moon (Ban and Gore
2008) noted that so-called “green’ sectors already em-
ployed 2.3 million people, more than in the traditional

77 Public investment
can create “green
jobs” by investing in
energy efficiency and
infrastructure programs
during recessions.



energy sector, suggesting that investment should target
new emerging industries rather than moribund technol-
ogies of the prior century.

3.2.2 Green industrial policy: re-industrialization and
the demand for high-skilled labor

Of course, Keynesianism is necessarily short-term: as the
recession recedes and economies return to full employ-
ment, the cost of Keynesian job creation increases and
its rationale fades. Looking at job creation over the long
term, enthusiasts for a transition to green employment
argue that emissions reduction targets can provide the
support required to launch a new wave of green indus-
tries that will bring with it high-quality jobs; and that
reallocating savings from energy efficiency investments
to other sectors can expand demand across the economy
as a whole.

New green industries, the first of these arguments
contends, and specifically renewable energy, can form the
basis of a renaissance in industrial economies battered by
deindustrialization and international competition (Jones
2008). Because many of these jobs are location-specific,
they may also be less vulnerable to offshoring than other
manufacturing sectors. Constructing and maintaining
wind farms or solar generators, or manufacturing the
new generations of very large wind turbines, requires sig-
nificant on-site expertise from skilled labor. Many of the
skills required, moreover, correspond to jobs in sectors
that have suffered as China, Southeast Asia, and Latin
America entered global production chains (Friedman
2007). Moreover, because these jobs, as Engel and Kam-
men (2009) argued, are more labor-intensive than the
sectors they replace, the green economy has the potential
to become a net employment generator.

Some signs of the employment opportunities created
by the shift to renewable and low-carbon energy are al-
ready apparent. Rising demand in the United States has
already attracted new factories from the Spanish wind
turbine firm Gamesa, and sparked new interest in elec-
tric car manufacturer Tesla (Greenhouse 2008). Labor
has been as enthusiastic and management for these
changes, and has called for government support of green
sectors in tandem with new economic policy to protect
manufacturing (Buffa 2009).

77 As the economy
recovers, durable green
jobs may come from
the creation of a new
generation of green
industries and products.
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79 The money saved
from energy efficiency
improvements may
increase demand for
goods and jobs elsewhere
in the economy.

3.2.3 More productivity, less energy: energy efficiency
and employment

Energy efficiency promises job creation via both short-
term employment of labor otherwise idle during reces-
sion; and via long-term recycling of the cost savings from
energy efficiency improvements. As section 3.2.1 noted,
energy efficiency programs are already an important and
effective part of stimulus packages in Europe and the
United States. Programs such as building retrofitting and
weatherization are labor intensive and require on-site
work that does not compete with cheaper overseas labor
(Friedman 2007; Jones 2008). Thus efficiency programs
can create net employment that would otherwise sit idle
during economic downturn.

But the effects of these investments may continue to
stimulate employment even as the economy recovers.
Improved energy efficiency can continue to create jobs
through expenditure switching, increased productivity,
and deficit reduction. As efficiency lowers energy serv-
ices cost, households may spend their energy savings
on other goods or services. If those goods or services
are more labor-intensive than energy, this expenditure
switching could lead to increased employment (Roland-
Holst 2008). Energy savings would also entail a net pro-
ductivity gain from firms who could produce the same
value with fewer inputs.

Finally, proponents of the growth-generating effects
of energy efficiency suggest energy efficiency invest-
ments could become self-sustaining by reinvesting a
portion of the savings in the next round of improve-
ments. Such iterated investment could create self-sus-
taining employment opportunities independent of gov-
ernment investment. The ambitious European resource
efficiency flagship initiative predicts that its Ecodesign
Directive building efficiency measures will save 340
TWh of electricity, worth €51 billion euro if one uses an
average European electricity rate of €0.15 per kilowatt-
hour (European Commission 2011a, 7; Europe's Energy
Portal 2011), and Van Jones has made similar arguments
for the US (2008). If sustainable, ongoing investments
on that scale could provide durable job growth that per-
sisted beyond the end of the economic downturn.

Shaping the Green Growth Economy 11
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3.2.4 A green jobs myth Potential vulnerabilities in
the green jobs argument

Having painted such a promising picture of the prospects
for green job creation, it was no surprise that these ar-
guments generated skepticism in equal measure. Some
went so far as to call the very idea of green jobs a “myth?”
Critics point to the uncertain effectiveness of Keynesian
stimulus, the jobs and productivity to be lost in fossil
fuel industries, the threat of green mercantilism as forces
that would counter, and perhaps eliminate, any employ-
ment gains. Moreover, they note that there’s no reason
to think that the new demand generated by reallocated
savings from energy efficiency wouldn't itself drive up
energy demand and minimize any emissions reductions.
Thus, critics charge, the green jobs argument and its link
to energy efficiency rest on uncertain grounds, making
aggressive policy hard to justify.

Seventy years after Keynes made his original argu-
ments for demand stimulus in the General Theory, his
critics remain influential. Moore suggests that federal
stimulus is ineffective in creating employment; pub-
lic sector measures are far more wasteful and costly in
creating jobs than private sector actions (2011). Others
suggest that a green stimulus will not address the struc-
tural problems responsible for the current recession, and
as such policy should focus on long-term investments in
physical and human capital rather than ancillary targets
like emissions reduction (Sachs 2010).

Skeptics also doubt whether jobs in green industries
can either replace or exceed those lost in declining brown
industries. The same regulation of emissions and fossil
fuels that supports the ascent of renewable energy or en-
ergy efficiency sectors also, by design, makes energy-in-
tensive or fossil fuel-based energy sectors less viable. The
transition from one set of sectors to another inevitably
imposes adjustment costs on labor and capital, and may
result in net job loss (Kolbert 2009). Indeed, past experi-
ence with technological innovation suggests that green
energy could, contra Engel and Kammen (2009), prove
less labor intensive than today’s energy system, leading
to overall job losses in the energy sector (Sharan 2010).

What of the argument that green jobs, by being lo-
cation specific, are less vulnerable to overseas competi-
tion than other manufacturing sectors? Recent years
have provided numerous examples of renewable energy
companies moving production to China, suggesting that
green jobs in high-productivity manufacturing remain

79 Some doubt whether
Keynesian spending,
even for energy
infrastructure, can ever
recoup its costs.
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productivity “green”
sectors are no less
vulnerable to overseas
competition than the
rest of the economy.

vulnerable to outsourcing (Glaeser 2011). Ironically, the
lack of environmental regulation and resulting lower
production costs may provide China the opportunity to
become the export leader in renewable energy genera-
tion equipment like wind turbines or solar cells (Drey-
fuss 2010).

These arguments, however, often fail to differentiate
between green jobs that are site-specific, such as local
construction of energy infrastructure, and those manu-
facturing jobs that can be easily moved abroad. With both
the EU and the United States estimating the investment
required for new energy infrastructure in the trillions of
euros or dollars, significant job creation opportunities
could nevertheless persist in the face of intense compe-
tition from rapidly developing economies in the wind
turbine and solar cell markets. But that merely suggests
that Glaeser (2011) remains correct to conclude that that
green jobs will follow traditional patterns of global trade
with employment opportunities in developed countries
created from entrepreneurship, education, high-tech
innovation, and services, rather than from large scale
manufacturing. In that respect, green industries are no
different from the brown ones they replace.

Finally, even if energy efficiency measures prove more
successful than other policy instruments in creating em-
ployment, they may not generate much in the way of
emissions reduction. As noted above, any savings from
reduced energy consumption will go elsewhere. Roland-
Holst (2008) argues that those savings might go to more
labor-intensive sectors, generating employment growth.
But any growth in economic output entails increased use
of energy. Given a sufficiently large rebound effect, the
emissions savings from reduced consumption of energy
per unit output could be overwhelmed by increased out-
put. One may argue that in developed economies this re-
bound will be relatively small, since most consumers are
already consuming the energy services they desire. This
argument may not hold in developing countries, where
energy remains a significant constraint on economic ac-
tivities; more affordable energy services may imply great-
ly increased household energy consumption as well as
production of energy-intensive goods. This view argues
energy efficiency may prove a powerful driver of growth,
but that it is not linked to emission reductions (Jenkins,
Nordhaus, and Shellenberger 2011). If true, it would be
difficult to justify that growth as “green’”.
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3.3 Emissions reductions as a driver of GDP growth
The final, and most ambitious, green growth argument,
proposes that emissions reduction measures can drive
GDP growth. While proponents discuss some similar
mechanisms as those arguing for green job growth, the
arguments differ in their understanding of how green in-
vestment and innovation will affect productivity. The ar-
gument for green employment, as we have seen, contends
that some positive employment effect derives from the
higher labor-intensity of the renewable sector compared
to fossil-fuel industries. This increased labor intensity
can have a neutral or negative effect on overall produc-
tivity and output, even as it broadens the employment
base. In contrast, proponents of green GDP growth be-
lieve that emission reductions can drive growth in aggre-
gate output by either promoting comparative advantage
in green sectors or increasing productivity through inno-
vation But the emphasis on export-led growth in many of
these arguments makes them vulnerable to two critiques:
first, that export-led growth as a model has limited appli-
cability; and second, that it encourages a zero-sum view
of the green growth economy, promoting a new green
mercantilism that could make international competition
more damaging than beneficial.

3.3.1 Export promotion: winners and losers

Global adoption of renewable energy—whether for cli-
mate or other reasons—creates a huge new market for
energy technology. As this market grows, capturing it
for increased exports from domestic firms becomes an
attractive growth strategy. National governments can
help domestic firms acquire global market dominance
through expansion of domestic markets for the same

97 Driving growth via green
industrial development
has worked. But relying on
export markets for growth
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goods, support for innovation and R&D, promotion of a
favorable business environment, and other policies that
help lower production cost. Demark, Korea, and China
provide examples of nations making a bid to become
export leaders of green technology as a growth strategy.
The Danish strategy seeks to maintain Denmarks inter-
nationally competitive position in the wind industry as
a key growth objective (Rasmussen 2008). The Koreans
focus on manufacturing green technologies such as so-
lar and hydrogen fuel cells for export, leveraging previ-
ous high-tech manufacturing skills in semiconductor and
shipbuilding (UNESCAP, n.d.). The Chinese, as well, have
invested heavily into wind and solar production in a bid
to serve domestic markets hungry for energy and become
global production leaders (Walters 2011; Bradsher 2010).
Finally, the European Union as a whole has explicitly tar-
geted global competitiveness in new energy technology as
one rationale for its aggressive goals for renewable energy
technology development and deployment.

In some cases, the pursuit of export competitiveness
has had real success. World markets account for 50% of
the output of the Danish wind energy industry, which in
turn accounts for 20% of the employment in the Dan-
ish energy sector and nearly 10% of all Danish exports.
(DWIA 2009) Siemens in Germany, Gamesa in Spain,
and Vestas in Denmark have all become major inter-
national players in renewable energy with significant
employment and investment footprints at home. Inter-
national competitiveness may also keep domestic invest-
ment at home: the lack of domestic capacity in the United
States allowed China to capture as much as 90% of the
California solar market’s economic stimulus investments
after 2007. More stable domestic investment in renew-
able energy might have supported the domestic capacity
to keep the stimulus dollars in the United States itself.

This argument, however, reveals an underlying vul-
nerability in the export-led growth argument. Aggres-
sive promotion of domestic green energy industry in the
hope that it will repay the investment through exports
raises concerns of a “new green mercantilism.” For exam-
ple, Chinese renewable energy policies include not only
the normal tax breaks and subsidies, but also preferential
treatment of Chinese firms, local content requirements,
aggressive intellectual property transfer requirements,
and other more controversial measures. These policies
have come in for heavy criticism from China’s interna-
tional trade partners (Bradsher 2010). These policies,
the argument contends, provide Chinese firms an un-
fair advantage in acquiring market dominance and are
a violation of international trade agreements. The Unit-
ed Steelworkers union recently filed W.T.O. complaint
against China, alleging that these practices constitute a
violation of the W.T.O. rules on state aid and free trade
(Daily, Steitz, and Walet 2011; Walters 2011). The Chi-
nese counter that many countries are currently involved
in subsidizing the development of renewable energy
(Daily, Steitz, and Walet 2011). Export-promotion sub-
sidies and protections such as those employed by the
Chinese deny other countries export opportunities and
may lead to heightened conflict over free trade among
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investment in renewable
energy to generate
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“green” energy sectors.

nations. Of course, the hope is that the rise of green sec-
tors would give way to intra-industry trade that benefit-
ted a wide range of sectors, rather than mere competition
for control of a handful of sectors.

Finally, export-led growth does not seem like a viable
strategy everywhere. For a small economy like Denmark,
the renewable energy sector can constitute a significant
portion of the economy and contribute to real economic
growth. For a low-cost manufacturing powerhouse like
China, capturing second-generation production at scale
can bring needed capital at a scale proportional to its
size. But for a very large economy like the United States,
it’s unlikely that exports of green energy alone will make
much difference in the overall growth of the economy.
Thus export-led growth may provide one model of green
growth, but not one with broad applicability or one that
capitalizes on anything novel about green technologies
themselves.

3.3.2 Inventing success: technology breakthroughs
and productivity growth

Regardless of whether one subscribes to any green
growth argument, serious reductions in greenhouse gas
emissions will require substantial innovation to provide
the alternative energy resources required. Those argu-
ing that serious emissions reductions must not imperil
growth put enormous importance on the role of innova-

77 Intensified competition
for control of “green”
markets risks a nhew
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tion in reducing the overall cost of emissions reduction.
Likewise, if emissions reduction goals are to produce ex-
port competitiveness in a range of new firms and sectors,
innovation will play a large role in securing comparative
advantage. Finally, the most optimistic advocates for
green growth suggest that innovations can reduce emis-
sion while spurring GDP growth through productivity
improvements, creating a new range of goods and serv-
ices, and transforming how economies consume and dis-
pose of products (OECD 2010).

Past economic success with policy-led innovation have
become models for public investment in green technol-
ogy innovation. Nordhaus and Shellenberger (2010) point
out that publicly supported research and development in
information and computer technologies laid the founda-
tions of the subsequent boom in internet and communica-
tions boom that generated substantial private investment
and high levels of income and employment growth. Pub-
lic support for innovation is seen to play a particularly im-
portant role in early-phase technologies, helping to bring
down production costs. For renewable energy in particu-
lar, where the cost of the actual energy source is near-zero,
lower capital costs could lead to energy sources substan-
tially cheaper than today’s fossil fuels. Jones (2008) argues
that this outcome represents the next potential industrial
revolution. However, much of this literature continues to
disagree on the appropriate model for public sponsor-
ship of low-carbon research and development. Indeed,
as Huberty and Zysman (2010a) argued, it may well be
that none of the prior models—even those as different as
the Manhattan Project and DARPA were—provide sound
guidance on how to structure public investment.

Private investors, and in particular venture capitalists,
have shown increasing enthusiasm for green growth in-
novation . John Doerr, of Silicon Valley venture capital
fame, argues that if green energy could capture even a
narrow portion of the $5 trillion global energy market it
would create a dramatic I.P.O increase on the scale of In-
ternet boom (Russ 2007; Doerr 2007). He echoes a senti-
ment seen throughout Silicon Valley that green technol-
ogy will prove the next important global industry with
innovation essential to ensuring global competitiveness.
VC firms perceive opportunities to earn windfall profits
for those able to supply the most cutting-edge clean tech-
nologies as the demand for alternative energy increases

97 Innovation-led emissions
reductions may create
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potential.
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(Green 2009). These arguments tie in with export led-
growth arguments, though here the exports are intellec-
tual rather than physical property.

Those critical of green tech venture capital, however,
point out that the long time spans before green tech is
predicted to reach commercial viability are incompat-
ible with conventional VC models (LaMonica 2009).
The usual venture capital investment prefers to support
commercialization of relatively new technologies, lead-
ing to firms that can be offloaded into the IPO or merger
and acquisition markets relatively quickly. The high fail-
ure rate of venture investments tends to give preference
to many small investments rather than a few very large
ones. But the energy sector has been characterized by
very large fixed capital investments in slowly changing
technologies that pay back over decades.

These characteristics have led venture capitalists away
from support of new innovation, and towards support
for commercialization of late-stage technologies. But as
Kenney (2010) argues, even these investments pose se-
rious problems for the venture industry. Achieving the
necessary returns on investment for the venture capital
model to work relies, in part, on rapidly growing mar-
kets in which revenues scale faster than costs. But energy
markets, particularly in the developed world, face slowly
growing demand and large fixed capital costs that scale
with the size of deployment, in the face of fixed revenue
flows.

Furthermore, the size of these markets will depend
quite heavily on the ambitions and sustainability of
government policy, rather than any underlying cost
or productivity advantages for green technology itself.
This poses a third critique of green technology venture
capital—that, unlike the internet boom, the green tech
market would depend almost entirely on market creation
through government regulation and subsidy, rather than
the inherent value of the technology itself (Russ 2007).

But it may be that those regulations are growth-gen-
erating in and of themselves—the so-called Porter Hy-
pothesis. Emissions regulation, this argument contends,
provides a clear signal to firms and establishes a market
for green technology innovation. This innovation will
make firms more efficient, and increase productivity and
export competitiveness. That forced adaptation, far from
being a drag on the economy, may actually spurs growth
(Pooley 2010). The innovation that drives that growth
will relieve the economic cost of emission regulation
even as it generates both emissions reduction and new
economic opportunity. Pooley (2010) cites Norway, Swe-
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77 Greentech venture
capital has seen massive
investment, but may face
real problems achieving
profitability.

den, and Denmark, all countries with carbon taxes and
cap-and-trade programs, as evidence for this argument.
These three countries typically rank among the most
competitive economies in the world, and lead global
markets for wind energy, carbon sequestration and bio-
mass electricity generation. On the ground, then, green
investment appears to generate growth in at least a few
countries. Whether those outcomes can be reproduced
elsewhere remains to be seen.
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DO THE ARGUMENTS STAND
UP? EVIDENCE FROM THE
RESEARCH LITERATURE.

We have seen that each of these arguments—whether
that emissions reductions pose no challenge to growth,
or that they may create jobs, or even that they may drive
GDP growth itself—have drawn significant criticism.
Politicians and policy advocates have strong incentives to
promote arguments rationalizing emissions reductions.
Likewise, their opponents have equally strong incentives
to undermine those arguments. Where and how the sub-
stantive disagreements over the opportunity for a “green
economy” balance out remains unclear from the policy
debate alone.

We turn to the research literature to test each of the
major claims these arguments make. We find reasons for
cautious optimism for green growth. The view that emis-
sions reduction poses no threat to growth has the strong-
est analytic foundations. If policy combines an emissions
price with support for market reforms and basic research
and development, the cost of significant emissions re-
ductions appears to pose little threat to overall economic
growth.

In contrast, the potential for emissions reduction to
drive employment or GDP growth may exist. But empiri-
cal evidence has relied heavily on very unique national
or economic circumstances. For instance, Keynesian
stimulus investments in energy infrastructure can gen-
erate employment, but only during times of recession.
Likewise, innovation in support of export-led growth has
worked in several economies, notably Denmark. But the
question of whether all countries can become leaders in
green export industries large enough to drive economy-
wide growth remains open. Moreover, the emphasis on
export-led growth may risk a new green mercantilism
more damaging than the growth it might create.

77 Green growth
arguments should be
treated with cautious
optimism.
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77 None of the current
prescriptions for green
growth guarantee
success.

These contingencies make generalizing green growth
models difficult. Whether this points to limits for green
growth remains an open question. It may well be, as sec-
tion 5 will suggest, that today’s focus on specific tech-
nologies, markets, or products as drivers of growth must
give way to a consideration of how a low-emissions ener-
gy system can best generate systemically new opportuni-
ties for economic production across the entire economy.

4.1 A free pass: evaluating cost-mitigation arguments

The research literature shows substantial agreement that
emissions pricing, combined with complementary poli-
cies to remove fossil fuel subsidies, recycle emissions rev-
enue for tax code reform, and support research and de-
velopment, can minimize the cost of emissions reduction
and mitigate its threat to growth in the broader economy.
However, the potential political unsustainability of emis-
sions pricing has led several notable studies to recom-
mend against depending on emissions pricing as the
primary policy tool for long-term emissions reduction.

4.1.1 Pricing emissions: past successes and future
potential

The popular debate over the wisdom of an emissions
price is contentious. In contrast, research supports a
general consensus that price-based policies remain the
cheapest way to achieve emission targets. Compared to
command-and-control regulations, market-based poli-
cies allow emission reduction to happen where the cost
is lowest, while encouraging innovation instead of lock-
ing in a single technology. Both theoretical analysis and
empirical studies have shown market-based mechanisms
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to be cost-effective in reducing pollutants. Fischer and
Newell's theoretical model concludes that carbon tax
and tradable emission permits are the cheapest poli-
cies to achieve emission reduction goals in the context
of American power plants; in comparison, subsidies for
renewable energy cost 2.47 times more than a carbon tax
to achieve the same emission reduction goal (2007, 158).
Stavins' comprehensive review of past market-based en-
vironmental policies around the world also concludes
that market-based mechanisms enjoy proven success in
reducing pollution at low overall cost (2003).

These studies are backed by recent policy experi-
ence. In particular, the SO2 cap-and-trade program is
portrayed as a model success story for market-based
emissions reduction policy. Between 1990 and 2004, the
program reduced annual SO2 emissions—the main fac-
tor in acid rain—from power plants by 40% (U.S. EPA
2005, 4). Alongside these emissions reductions, the pro-
duction cost of electricity in 2000 increased only 0.6%
compared to pre-program levels, while the retail price of
electricity actually fell more than 10% between 1994 and
2000 (Hanemann 2009, 82). The impact on the overall
economy was imperceptible. Indeed, the overall benefit
appears to have vastly overwhelmed the cost. Accord-
ing to the EPA's cost-benefit analysis, in 2010 the annual
cost of the SO2 program was only $122 billion, while an-
nual benefits in the form of reduced impacts on human
health and improved recreational sites and ecosystems
amounted to $122 billion. (2004, 2). In this case, at least,
price-based emissions control policy really has delivered
on the promise of growth-compatible environmental
regulation.

Nevertheless, there remain good reasons to think that
the SO2 experience has limited applicability to greenhouse
gas emissions. Hanemann (2009) notes two fundamental

77 But the conditions that
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differences with significant implications for cost. First,
while SO2 emissions originated from a limited number
of highly centralized power plants, greenhouse gas emis-
sions arise from sources as diverse as power plants, auto-
mobiles, airplanes, and agriculture. Market designs that
worked well with a small number of participants may fail
when faced with millions. Second, American power plant
operators could turn to readily available and cheap solu-
tions for SO2 emissions reduction, such as SO2 scrubbers
and low-sulfur coal. In contrast, most low-emissions solu-
tions for greenhouse gasses do not yet exist, or exist only
at substantial cost (Hanemann 2009, 96).

Finally, as Noll (2010) points out, the conditions un-
der which prices are normally understood to promote
innovation may not pertain for the energy industry. In
particular, the monopolistic nature of electricity trans-
mission and distribution, and the windfall profits that
accrue to oil producers, both generate economic returns
that are decoupled from competition pressures. In either
case, technology plays little role in allocating returns to
market participants. If this is the case, then there’s little
reason to believe that a high carbon price (even if it could
be sustained politically) will necessarily generate sub-
stantial innovation in critical parts of the energy value
chain.

These factors stand to increase the cost of policy
adoption. A more diverse market for innovation may
raise the cost of compliance, especially for retail consum-
ers. Emissions prices would of course create demand for
low-emissions technologies, which firms and inventors
would respond to. But the costs of this innovation con-
trast with the SO2 program, which only had to encourage
adoption of existing technologies. Furthermore, energy
markets appear not to satisfy the optimum preconditions
for price-driven innovation. Thus past experiences do
not guarantee success for a greenhouse gas cap-and-trade
program; other complementary policies are still needed
to make a carbon price more effective and more efficient.

4.1.2 Optimizing the energy market: the benefits,
costs, and limitations to fossil fuel subsidy removal
Removing distortionary subsidies for fossil fuels can,
consistent with the arguments discussed in section 3.1.2,
complement a carbon price and reduce the cost of emis-
sions reduction. Research estimates suggest that doing so
would save billions of dollars annually around the globe
and reduce carbon emissions by as much as 5%. Po-
litically, however, effective subsidy removal will require
careful attention to their effects on lower-income house-
holds in particular.

Today, most governments provide some kind of sub-
sidy—explicit or implicit—for fossil fuel energy, though
the extent of support can be difficult to determine. Defi-
nitions of what constitutes a subsidy range from the dif-
ference between domestic and international energy pric-
es; to more specific tax breaks or direct subsidies to fossil
fuel industries; to expansive definitions that count the
cost of navies that secure the high seas for oil shipping.

Using only the difference between global and domestic
prices as a subsidy measure, Larsen and Shah (1992, 5)
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77 If countries can manage
the impact on the poor,
removing fossil fuel
subsidies can reduce
emissions and save
money.

estimate that the world as a whole spent $230 billion dol-
lars on fossil fuel subsidies in 1991, the bulk of which
were paid out in the former USSR, China and other
middle-income and developing economies (1992, 5). But
by this definition alone, the United States, for instance,
does not subsidize fossil fuels, a conclusion contradicted
by explicit tax code provisions. In contrast, Koplow and
Dernbach's review (2001) of studies on American fossil
fuel subsidies, which takes a broader view and includes
subsidies or tax write-offs for activities such as oil explo-
ration, finds a large range of different estimates. Accord-
ing to the EIA, American fiscal and tax provisions for
fossil fuels totaled $2.5 to $2.9 billion in 1998-1999. Go-
ing beyond subsidies for consumption or exploration, a
Spanish study argues that the fossil fuel subsidies should
include the investments made for roads and highways,
and the security cost of maintaining safe shipping routes
for the international petroleum market. Under that much
more expansive (and quite controversial) definition
of subsidy, oil subsidies alone are estimated at $574 to
$1,736 billion in 1998 (ICTA 2001, 366).

Though there is disagreement over the extent of fos-
sil fuel subsidies, scholars agree removing subsidies will
increase overall economic welfare and reduce emissions.
Larsen and Shah estimate that the removal of all fossil
fuel subsidies—even under their narrow definition—
would reduce global emissions by 5% and improve net
economic welfare, even accounting for the losses that
would impose on fossil fuel exporters (1992, 21). Ko-
plow and Dernbach (2001) and Moor (2001) come to
similar conclusions.

That said, net improvements in welfare may not mean
equitably distributed improvements. Removal of sub-
sidies to fossil fuel usage will increase the cost of some
energy services, which may disproportionately impact
lower-income households. Moor (2001, 172) argues
that this effect should be limited because the lowest in-
come populations in developing economies don’t con-
sume many commercial energy resources to begin with.
Moreover, his estimates suggest that even higher-income
groups that feel the impacts more acutely will suffer at
most a 3% loss of income.

However, low-income households in developed econ-
omies may suffer more from subsidy removal since they
spend a relatively large share of their income on energy
goods. The United States Congressional Budget Office
(CBO) has analyzed the effect of energy price increases
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resulting from a cap-and-trade program for greenhouse
gasses. While not strictly equivalent to removal of energy
subsidies, such a program would still increase the cost of
energy services to the entire population, with potentially
skewed distributional effects. The CBO finds that house-
holds with income in the lowest quintile suffer the great-
est loss of purchasing power; however, a revenue-neutral
program that uses the revenue of the cap-and-trade pro-
gram to support low-income households can create a net
gain in purchasing power for these households (2009a,
24-25). This raises an important point: while the removal
of subsidies on fossil fuels can increase net economic
welfare and reduce greenhouse gas emissions, nothing
about subsidy removal policy itself solves its potential
distributional problems. Doing so requires a separate
choice on how to use the welfare enhancements.

4.1.3 In search of a double dividend: experience in
environmental tax reform

Using emissions tax revenues to fund reductions in
taxes on labor or capital can both reduce emissions and
generate better incentives to hire and invest. But “green
growth” from this kind of tax reform appears more likely
to encourage job creation than overall GDP growth. Fur-
thermore, achieving both sides of the “double dividend”
depends on starting from a tax code that imposes signifi-
cant burdens on labor or capital to begin with. In less dis-
tortionary tax systems, emissions taxes can still achieve
emissions reductions but will deliver fewer economic
benefits.

From section 3.1.2, we saw that emissions prices could,
theoretically, improve economic performance while cut-
ting emissions. This so-called “double dividend” suggest-
ed that replacing taxes on labor or investment with taxes
on emissions—switching from taxing “goods” to taxing
“bads”—could therefore generate both growth and lower
emissions.

The research literature does not dispute the theo-
retical argument. Emissions taxes correct the distor-
tion inherent in negative environmental externalities,
and as such should not create deadweight losses for the
economy. In contrast, much more common taxes on la-
bor and capital may distort incentives to work, hire, or

97 Countries with very
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invest. Using emissions tax revenues to offset reductions
in taxes on labor or capital could therefore reduce the to-
tal deadweight loss of the taxation system even as it also
reduces emissions. This so-called “double dividend” can
make the environment better off while improving the ef-
ficiency and competitiveness of the economy as a whole.
How large an effect this would have remains the sub-
ject of debate (Goulder 1995). The most aggressive form
of the double-dividend theory claims that revenue recy-
cling can reduce the cost of a carbon tax to zero or nega-
tive in a typical economy. In order for the carbon tax to
have zero or negative cost in general situations, it must
yield an increase in non-environmental welfare. Most
studies reviewed by Goulder show that this will occur
only when the taxation system already highly inefficient.
Manresa and Sancho's model of the Spanish CO2 tax
shows that recyclng the tax revenue can reduce emis-
sions, make the tax system more efficient, and increase
employment. But this "triple-dividend", as they call it,
only arises because the Spanish tax system is highly inef-
ficient and places excess tax burden on labor (2005).
Hoerner and Bosquet's analysis of the experience
of environmental tax reform in eight European coun-
tries also shows that recycling tax revenues can increase
employment (2001). Net impacts on GDP appear to be
smaller: across 44 studies, the overall change in GDP
growth rates before and after tax reform ranged be-
tween -0.5% and 0.5%. (2001, 2). Thus environmental
tax reform may support emissions reductions and can,
in some cases, generate overall employment growth. But
it appears to have a relatively small impact on economic
growth itself; and its effects are proportional to the sever-
ity of distortion in the original tax system. Thus hopes
that environmental tax reform can generate net benefits
from emissions taxation appear limited to specific cases;
the best outcome possible in most cases appears to gener-
ate emissions reductions at little to no cost.

4.1.4 Inventing lower costs: the role for technology
breakthroughs

Research finds that rapid reduction in the cost of low-
carbon energy costs via innovation is possible, based on
historic experience with energy technology. But a price
alone may not be sufficient to support innovation, par-
ticularly where demand for energy or energy services is
relatively price-inelastic. Other measures, such as direct
support for basic energy research and development, will
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be required to generate the innovation needed for signifi-
cant emissions reduction at low cost.

Technological innovation will set the framework for
the costs of a transition to a low-carbon economy. If
innovation can quickly reduce the cost of low-carbon
technologies, then the cost of emission reduction can be
small. How best to generate this innovation has received
attention in three areas in particular:

1. What kind of innovation—for new technologies or
new processes, for instance—is required?

2. How does that innovation take place?

3. And given (1) and (2), will an emissions price suffice
as an incentive for the innovative activity demanded
for a low-carbon energy systems transformation?

In total, the need for both process and product in-
novation, and the potential for substantial innovation
via experience as well as through research, recommend
against dependence on an emissions price alone.

A transition to a new green energy system will require
more than just new technologies. It will also require a
great deal of knowledge in domains such as wind farm
operation, renewable resource discovery and optimiza-
tion, and power grid management with intermittent
energy inputs. Along with improvements to manufac-
turing processes to drive down the cost of new technolo-
gies, these kinds of innovations suggest huge gains from
Learning By Doing (LBD) in addition to more traditional
research and development.

The LBD innovation process is a core assumption
in the argument that states should support renewable
energy investment now in order to drive down costs in
the future. The LBD model assumes the cost of technol-
ogy decreases with cumulative output. With significant
investment during a technology's infancy, its price can
decrease rapidly. If true, that would reinforce the as-
sumption, made by both the cost-minimization and GDP
growth schools, that renewable energy can quickly be-
come competitive against conventional energy.

Despite its popularity, assumptions behind the LBD
model have been questioned. I1.S. Wing points out that
the LBD model suffers from a technological "free-lunch"
syndrome that simply assumes more efficient production
to be a byproduct of output, requiring no deliberate, cost-
ly improvement to original production processes (2006).
A more modest critique points out that the LBD argu-

97 The low-carbon
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ment assumes that low-carbon technology has a much
higher learning rate than conventional energy technol-
ogy, leading to the conclusion that renewable energy can
quickly become competitive against conventional energy.
However, there is little evidence suggesting renewable
energy learn faster than conventional energy technology.

Whatever these theoretical arguments, practical ex-
perience in renewable energy lends support to the LBD
model. Matthias Heymann (1998) presents evidence that
the Danish wind industry has developed successfully
based on a bottom-up approach that emphasized incre-
mental innovation based on knowledge gained through
building and deploying successively more advanced
turbines. In contrast, a top-down engineering approach
like that adopted in Germany or the United States had
much less success at either building viable wind turbines
or developing a competitive wind industry (Heyman
1998, 654-659). Grubler, Nakicenovic, and Victor's study
on technological change also provides many examples
of cost reduction as a result of increased output in nas-
cent technologies. In the U.S, photovoltaic cells, wind
turbines, and gas turbines all saw their cost per kilowatt
capacity drop significantly as total capacity expanded
(Grubler, Makicenovic and Victor 1999, 254).

Whether a carbon price represents, as Nordhaus
(2010) claims, a sufficient condition to drive low-emis-
sions innovations remains controversial. Hanemann
(2009) points out that a high carbon price will not be
politically sustainable, since it erodes real income and
standard living; therefore, complementary policies are
needed to accelerate the innovative process in order to
reduce the price of carbon needed to achieve emission
goals. Popp (2009) also finds that the preponderance

77 But that doesn’t mean
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of the literature on climate policies and innovation also
supports the view that R&D subsidies should be used as
reduce the magnitude of the carbon price required for
innovation.

These models all suggest, however, that investments
in climate innovation will not come at the cost of other
innovations that also produce economic growth. But
in Wing’s knowledge stock model of innovation, some
opportunity cost is incurred in diverting resources for
discovery of low-emissions technologies. This effect
is particularly pronounced under the assumption that
the human and physical capital required for innovation
comes from a fixed stock of a rival good. In that case,
all innovative activity comes from a common pool of re-
sources, and expansions to the innovation activity in one
sector necessarily detract from such activity elsewhere
(Wing 2006, 560). At the very least, this model would ar-
gue that a carbon price alone, by not necessarily expand-
ing the resources devoted to R&D, may not be sufficient
to link innovation to growth. Even then however, it may
prove difficult to avoid crowding out other research and
development investments.

4.1.5 Conclusion

The research literature supports public arguments that
emissions prices can provide cost-effective means of re-
ducing greenhouse gas emissions, particularly if comple-
mented by changes to fuel subsidies, support for R&D,
and broader reforms of inefficient tax codes. In total, the
consensus that a properly designed suite of such policies,
taken together, represent a relatively modest cost to the
economy and thus a relatively minimal threat to growth.

4.2 Job creation in the green-collar economy: separating
myth from reality

Investment in energy projects can provide effective Key-
nesian stimulus for short-term job creation, and serve as
a stepping-stone to longer-term job gains from energy
efficiency. But formal analysis of job creation via en-
ergy investments suggests these policies are often more
growth-oriented than green. Green stimulus can certain-
ly create jobs in times of recession, and promote new in-
dustries and improve energy efficiency in the long-term.
But whether the emissions reductions generated by these
policies are sufficient to offset the increased energy use
and emissions that follow as a natural consequence of ex-
panded economic activity, remains unclear.



4.2.1 Green stimulus: a short-term green labor market
As discussed in section 3.2.1, the 2008-2009 financial
crisis saw the adoption of Keynesian demand stimulus
measures in both developed and developing countries.
Anywhere from 10-70% or more of stimulus spending
was targeted at greenhouse gas emissions reductions or
energy efficiency programs. Advocates for Keynesian
policy claim that this spending represents a valid cor-
rective to the fall in aggregate demand characteristic of
recessions. Consistent with Keynes’ General Theory, they
argue that short-term stimulus spending can maintain
employment and keep the economy from settling into a
low-demand, high-unemployment equilibrium (Ghosh
2006, xxv). Moreover, a dollar of spending may promote
more than a dollar of overall economic activity, as the ef-
fects of that spending cascade through the economy. The
validity of Keynesian green spending as a job creator thus
rests on two arguments: first, that governments can effec-
tively offset a fall in private-sector demand; and second,
that the dollars they spend in doing so multiply through
the economy, generating consumption and investment
beyond the domain of stimulus investments alone.

The scale of the Keynesian multiplier—the relation-
ship between a dollar of spending and the scale of addi-
tional consumption or investment it promotes—remains
hotly contested. The Congressional Budget Office used a
range of multipliers from 1.0 to 2.5 to estimate the effect
of the American Reinvestment and Recovery Act (Con-
gressional Budget Office 2009, 4). Official estimates
from the United States Council of Economic Advisors
suggested that a dollar of federal spending generated 1.6
dollars of overall economic activity (Romer and Bern-
stein 2009). A comprehensive review of the size of the
Keynesian multiplier found that it is probably positive
but smaller than these estimates, and could turn negative
under the right circumstances (Hemming et al 2002).

Skeptics of Keynesian stimulus as a jobs creation
mechanism find the notion of a positive multiplier im-
plausible. They argue that any increase in government
spending must per force crowd out some private sector
spending, via two mechanisms. First, government spend-
ing absorbs capacity—capital and labor—that might
otherwise be used more efficiently by the private sector.
Second, when financed by deficits, government spend-
ing will lead taxpayers to restrict spending further now in
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expectation of higher taxes—to pay for those deficits—
in the future. This would offset any increase in demand
from expanded government investment.

These arguments ultimately conclude that a dollar of
government spending produces at most a dollar of eco-
nomic activity, and at worst destroys net economic activ-
ity and employment. A series of papers in on the 2008-
2009 stimulus packages in particular found Keynesian
multipliers equal to or less than one—in other words,
government stimulus distorted the economy to the point
that it reduced economic efficiency and impeded job
creation (Mullligan 2010; Cogan et al 2009). Cwik and
Wieland (2009) find similar results for proposed stimu-
lus measures in the euro-area economies. In the perspec-
tive of these analyses, government spending—green or
otherwise—is more likely to reproduce the 1970s, when
attempts to stimulate demand gave way to wage infla-
tion and depressed economies that eventually required
extreme measures by the likes of Paul Volcker to correct.

In response, advocates for Keynesian measures object
primarily to the assertion of perfect Ricardian equiva-
lence—the idea that taxpayers necessarily save a dollar
today for every dollar of government deficit spending,
in anticipation of the taxes that must eventually pay for
the spending. If true, that would mitigate any net im-
pact of government spending. But those skeptical of the
perfect equivalence argument note that the real danger
isn't that of government action, but of stabilization at a
bad equilibrium in which low demand leads to low in-
vestment, which in turn leads to low employment and
thus low demand. In that world, the choice isn't between
private versus public-sector investment (as the Ricard-
ian equivalence arguments assert) but between public

77 But demand stimulus
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investment and no investment at all (Krugman 2009). In
such a world, it is argued that government investment to
spur economic activity necessarily raises overall levels of
output as a means to displace the economy out of this
bad equilibrium. That, they argue, remains the lesson of
the great financial crises of the 1980s and 1990s—Latin
America, Japan, and Southeast Asia.

In contrast to the significant attention given to the
general Keynesian hypothesis, less attention has been
paid to whether green Keynesian stimulus delivered on
its job creation goals. Barbier (2010) estimates that the
world as a whole spent $522 billion, out of $3.3 trillion
in total stimulus, on emissions reduction measures. Most
of that money went to energy efficiency. He finds that
US programs did deliver on their goal of creating 500,000
net jobs by 2012. The OECD (2010, 27) finds that similar
measures in South Korea added 960,000 new jobs. Hous-
er (2009, 2-5) finds that green stimulus performed as well
or better than traditional stimulus, creating 20% more
jobs than traditional infrastructure spending and also
producing emission reduction and energy savings (2009,
2-5). But as we have seen, whether these jobs offset the
long-term effect of the budget deficits that financed them
remains hotly debated among economists.

We emphasize that the dispute over the effects of
green stimulus on job creation and economic activity do
not undermine the other rationale for government in-
vestment in emissions reduction during a recession. Giv-
en the assumption that such investments will be required
anyway, investment during a recession may prove a cost-
effective way of shifting future investments to the present
to take advantage of cheaper labor and capital (Bowen et
al. 2009, 14; Houser et al. 2009, 1-2). Thus government
investment in support of green jobs at a time of recession
represents an opportunity to lock in low-carbon produc-
tion and consumption patterns for the future.

However the Keynesian debate settles, it does not af-
fect the fundamentally limited time horizons of Keyne-
sian job creation. Fiscal stimulus is by necessity short-
term. Sustaining large deficits for “green” job creation
into periods of economic recovery becomes more ex-
pensive, distorts labor markets, and risks wage inflation.
Thus no matter the size of the stimulus, or its overall ef-
fect on job creation, “green growth” cannot rely on Key-
nesian policies for long-term success.
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4.2.2 Emissions reduction, new sectors, and employ-
ment: between job creation and carbon leakage
Beyond short-term Keynesian policy tools, green growth
advocates have argued that investments in emissions re-
duction will spawn new sectors and firms. The new jobs
associated with these “green” industries will, in their
view, offset the jobs lost in high-emissions sectors, lead-
ing to net new job creation. While academic studies of
the net employment effect of green investments gener-
ally support the argument that new green industries will
create new job opportunities, those effects appear highly
contingent on local conditions, informing against a one-
size-fits-all policy prescription for green job creation.

Spain has generated a great deal of academic inter-
est given its emphasis on green energy as an economic
development strategy. Studies of the region around
Navarre, where wind turbine maker Gamesa has a sig-
nificant presence, generally show positive employment
effect of renewable industries. Faulin et al. (2005) find
that achieving a renewable electricity consumption rate
of 12% in the region will have net positive employment
effects. Moreno and Lopez (2006) find similar effects of
renewable energy mandates in the Spanish region of As-
turia. In this case in particular, the employment affects
appear to originate from reallocating energy demand
from Asturia’s fossil fuel sector, which has low labor in-
tensity compared with the manufacture, installation, op-
eration, and maintenance of renewable energy capacity.

These results also appear to apply to outside Spain. In
the United States, Barkenbus et al. (2007) find that bio-
mass energy investments can complement Tennessee’s
pre-existing expertise in agriculture and create net new
jobs. Lehr et al. (2007, 117) predict that German renewa-
ble sectors could provide 400,000 new jobs by 2030. Most
of the positive employment effect, however, comes from
Germany’s high export competitiveness, and depends on
the assumption that global markets will continue to be
receptive to German exports (2007, 117). This suggests
the importance of export-led growth to green growth ar-
guments, a potential vulnerability we discuss in section
3.3.1.

Overall, then, the literature shows that investing in
renewable energy markets at can generate net employ-
ment gains. But that outcome appear highly location-
contingent—as in the relative labor intensity of Spanish
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industry, the agricultural capacity of Tennessee, or the
export competitiveness of German manufacturers. This
result should inform against the assumption that green
energy investments always and everywhere create em-
ployment. Moreover, we would emphasize that many of
these employment creation numbers rely on expanding
employment through lower productivity, in renewable
energy industries that require more labor per unit output
than the fossil fuel industries they replace.

Finally, these results hinge on expectations of how
the markets would balance the cost of renewable energy
resources. For the German case, Hillebrand et al. (2005,
3493) argue, contra Lehr et al. (2007) that the higher cost
of renewable energy mandated by the EU's renewable en-
ergy standard will have negative net employment effects
over the long term. Long-term leakage of jobs and in-
vestment in high-energy-intensity sectors will eventually
overwhelm job creation in new renewable energy sectors,
leading to net job loss. These fears are particularly acute
in the absence of a global emissions deal, which could
allow some countries to use relatively lower energy costs
from unchecked emissions to attract production from
elsewhere. Such concerns have figured prominently in
the design of, for instance, the European Emissions Trad-
ing Scheme, which provides a range of exemptions for
so-called “carbon leakage” sectors.

4.2.3 Energy efficiency: green jobs, or merely jobs?
Reallocating savings from energy efficiency investments
towards other areas of economic activity can create new
demand and the jobs that come with it. But that increased
economic activity itself requires energy, diminishing the
overall energy savings and emissions reduction of the en-
ergy efficiency investments themselves. Hence the very
process that creates these jobs also undermines their
“greenness.” Investments in energy efficiency may make
economic sense, and certainly generate employment.
These jobs are particularly attractive because, as jobs in
services like construction, they are relatively immune to
international competition compared with manufactur-
ing. This has led to widespread support for investments
in job creation via energy efficiency policy.

But the “greenness” of the jobs created remains sub-
ject to some dispute. In particular, the savings from en-
ergy efficiency are always recycled into other forms of
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economic demand. Depending on the profile of that de-
mand, the reductions in energy use and emissions from
the investments themselves could be entirely offset by
increased energy demand and emissions elsewhere. Thus
energy efficiency can create jobs, but the downstream ef-
fects of having done so mitigate the “greenness” of these
jobs and their overall effect on emissions reduction.

Empirical studies of the employment effects of energy
efficiency investments support the job creation argu-
ment. An analysis of the US building efficiency program
using input-output model concludes that the program
will create nearly half a million jobs, increase wage by
$7.8 billion dollars, and save $207million worth of energy
capital goods between 2005 and 2030 (Scott et al. 2008,
2283). The state California provides another example of
energy efficiency's economic benefits. David Roland-
Holst’s 2008 study shows that in California, between
1972 and 2006, a well-documented total household en-
ergy savings of $56 billion has been redirected towards
other more labor-intensive goods and services, creating
1.5 million jobs with a total payroll of $45 billion over
this thirty-four years period (4). Another econometric
analysis of Californian economy also shows that between
1977 and 1993, decreasing industrial and commercial
energy intensity caused per capita GDP to increase by
2.74% (Bernstein et al. 2000, 57).

This consensus over jobs does not extend to the con-
clusion that energy efficiency investments lead to emis-
sions reduction. If energy efficiency improvements ex-
pand demand for energy-containing goods, some or all
of the emissions gains may be offset by growth in overall
energy demand. The presence and magnitude of these ef-
fects appears to vary by development level. Schipper and
Grubb's empirical study of energy use in IEA countries
between 1970 and 1990 reveal no significant rebound ef-
fects either at the micro / household or macro / economy
level (2000, 386). Jenkins et al. (2011, 14-16) provide a
comprehensive review of both micro- and macroeco-
nomic attempts to estimate the magnitude of this effect.
Microeconomic studies of the rebound effect in devel-
oped economies estimate it as positive but small—per-
haps 10-30% of the savings gained by the energy efficien-
cy investments themselves. But this result is contradicted
by the few macroeconomic studies of energy efficiency
effects, which suggest overall rebound effects on the or-
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der of 60%. Nevertheless, this range of estimates would
suggest that at least some energy savings persist; and only
a few studies find that 100% of energy gains are lost to
increased economic activity (Jenkens et al. 2011, 28-33).

However, both Jenkins et al. (2011) and Schipper and
Grubb (2000) warn that their findings apply largely to
the developed economies. For developing economies that
lack energy services, increased efficiency can incentivize
the expansion of energy demand by reducing the cost
of better lighting, heating, or other technology services.
Herring (2006) provides evidence from the UK during
its late period of industrialization. There, electricity con-
sumption for street lighting increased 30-fold over the
20th century, even as lighting efficiency improved 20-
fold. Jin (2007) finds more modest rebound effects, on
the order of 30-40%, for residential energy use in South
Korea after the 1970 energy crises. Dimitropolous (2007)
finds relatively few studies of developing economies, and
a very wide range of estimates for the rebound effect in
those countries, ranging from 44% on the low end to 77%
or higher.

In sum, energy efficiency investments do appear to
generate net positive employment effects. However, the
overall “greenness” of those jobs—their contribution to
emissions reductions—appears highly contingent on the
dynamic effects of increased energy efficiency. Most es-
timates find that somewhere between 10-50% of the ef-
ficiency gains are lost to higher consumption of energy
overall, with effects being somewhat higher in develop-
ing economies.

4.2.4 Conclusion

Thus both near-term and long-term proposals to link
emissions reduction investment to job creation can create
jobs, but their potential impacts on emissions themselves
appear limited. All three mechanisms outlined—green
Keynesian stimulus during the recession, investments
in and mandates for green industry products, or energy
efficiency improvements—can provide net positive job
creation under the right circumstances. But of these, only
expanded renewable energy production for the purposes
of replacing fossil fuel energy resources unambiguously
reduces emissions. Furthermore, the particular contours
of policy inform against blanket prescriptions for these
investments or mandates. The connection between the
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form of green investment and job creation appears highly
contingent on pre-existing conditions in national econ-
omies, and not on the green investment itself. Thus all
three mechanisms face limitations as effective, generally
applicable green growth strategies.

4.3 Growing green: do emissions mitigation measures
drive GDP growth?

The most ambitious body of green growth literature
contends that reduction can drive GDP growth. These
arguments center on using export markets to increase
output above domestic demand for renewable energy or
low-emissions goods; and on driving low-emissions in-
novation to increase productivity and real income. Each
of these approaches has its empirical success cases. But
research on both proposals suggests that either strategy
remains highly dependent on local conditions, and calls
into question their applicability as global approaches to
achieving real GDP growth via investments in green en-
ergy and emissions reduction.

4.3.1 Export-led green growth: an uncertain national
strategy

As section 3.3.1 noted, the global success of renewable
energy firms in Denmark, Germany, and elsewhere has
made export-led green growth a popular goal. Advo-
cates for green growth argue that promotion of domestic
markets and firms will translate into international com-
parative advantage that supports job and GDP growth at
home. But empirical studies have had difficulty establish-
ing a causal link between export growth and economic
growth. At best, these appear correlated, as in the experi-
ence of East Asian development; at worst, the experience
with import substitution strategies in Latin American
after the 1950s suggests that misguided policy can deny
nations the benefits from trade and erode economic per-
formance.

Japan, Singapore, South Korea, Taiwan, and now
China usually lead the list of countries that have used
export markets to successfully drive domestic develop-
ment. In an attempt to ascertain whether these countries
are representative of the broader experience of export-
led growth, Lewer and Van den Berg (2003) reviewed 53
empirical studies, examining countries from all regions
of the world over time. They conclude that export growth
and economic growth are positively correlated: for every
one percentage point increase in export growth, they find
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a statistically significant 0.2 percentage point increase in
economic growth (Lewer and Van den Berg 2003, 363).

But correlation does not, of course, imply causality.
Giles and William's review (2001) of 150 empirical re-
search papers shows that even those papers that attempt to
estimate causality have difficulty establishing the direction
of a causal link in the export-growth relationship. In other
words, even if exports and economic growth are causally
related, it remains unclear whether exports drive growth
or vice-versa. Thus claims that exports drive growth al-
ways and everywhere should be treated cautiously.

Furthermore, the work of Hidalgo et al. (2007) and
Hausmann and Hidalgo (2010) shows that comparative
advantage in particular kinds of goods must, in general,
grow out of similar capacities—skills, capital, knowl-
edge, and institutions—in related sectors. Thus even vi-
able green export strategies face certain limits. Denmark
or Germany, already expert at high-precision machine
goods, found the move into wind turbines, and the gen-
eration of jobs and growth in that sector, relatively easy;
countries without these traditions may not.

Finally, an emphasis on developing comparative ad-
vantage in particular sectors may create countervailing
economic distortions that offset growth effects. The im-
port-substitution period in Latin America denied econo-
mies there gains from trade in a variety of goods, even as
it tried to build export industries without strong founda-
tions in the broader economy. The same problem applies
to green energy goods. Concerns over Chinese competi-
tiveness in solar cells, for instance, should be offset by the
tremendous reductions in per-unit costs for solar cells
that Chinese factories have been able to accomplish. If
the zeal for export-led growth lead to a new green mer-
cantilism, it may increase the cost of emissions reduc-
tion, with impacts to the economic efficiency and job
creation potential of the broader economy. It might also
threaten the stability of the international trade regime, if
competition for a share of this new sector undermines
support for trade in green goods as a whole.

Thus relying on exports of renewable energy or low-
emissions products to drive GDP and jobs growth re-
mains a green growth strategy with limited applicability.
Those nations who gained from first-mover advantage—
Denmark in particular—did so on the basis of pre-exist-
ing national competencies. Second-stage countries now
face intense global competition from developing and
developed countries alike, and may lack the foundations
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for moving into those products. Finally, over-emphasis
on exports as a growth strategy may undermine both
growth and emissions reduction by distorting domestic
investment, denying countries the benefits of trade in
green energy industries, and raising the cost of emissions
reduction and renewable energy goods.

4.3.2 Innovation-based growth: theory and criticism
Few studies support the notion—referred to as the Porter
Hypothesis—that stringent regulation pays for itself by in-
ducing private sector innovation. Rather, complementary
policy is required to ensure that regulation alone doesn't
impose significant burdens on firms and consumers.

As we saw in section 4.1.4, the potential exists for sig-
nificant technological progress in renewable energy. But
most policy analysis has focused on how to achieve that
innovation at minimal cost to the efficiency of the econ-
omy as a whole. No one disputes that the green economy
can provide new opportunities for innovation and busi-
ness models. Rather, concerns over the cost of achieving
these innovations relative to other opportunities for the
economy give rise to fears that emissions reductions and
economic growth necessarily represent tradeoffs.

In contrast to this argument, Pooley (2010) and oth-
ers have argued that carbon regulations themselves make
firms more competitive by making them more resource
efficient and forcing innovation. If true, this would im-
ply that environmental regulations could drive growth
through productivity-enhancing innovations at very low
cost. Proponents often point to Swedish or Danish wind
and bioenergy companies that have become more success-
ful internationally despite stringent domestic regulations.

This argument, known as the Porter hypothesis in
academic literature (Porter and Van der Linde 1995), has
been strongly criticized by economists. Palmer and Oats
(1995, 120) object to Porter's assumption that firms can
discover cleaner, more efficient production processes
without incurring any added costs. In the United States,
firms report their pollution abatement cost and expendi-
ture (PACE) as well as cost-savings from the regulation-
induced innovation that Porter describes; net PACE in
United States still exceeded $100 billion in 1992 (Palmer
and Oats 1995, 128). Wagner's review (2003) of empiri-
cal studies of the Porter hypothesis find that costs and
benefits vary significantly across firms and industries,
suggesting that this result may not be widely applicable.

Theoretical analysis shows some support for the
Porter hypothesis. Assuming efficient regulation, wide-
spread demand for environmentally differentiated goods,
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and readily available but unused technology options are
present, there can be a favorable relationship between
environmental regulation and competitiveness (Wagner
2003, 31). But as Hanemann (2009) has noted, this is not
yet the case for greenhouse gas emissions reduction. In
particular, we do not have a stable of unused low-carbon
technologies waiting in the wings. That implies that re-
strictions on emissions alone will be insufficient to drive
innovation and growth. Instead, we may face an extend-
ed period of investment in new technologies, and in the
development of consumer demand, before the Porter Hy-
pothesis conditions are realized. If so, that would imply
substantially higher transition costs—and correspond-
ingly less favorable conditions for emissions-reduction-
led growth.

Finally, Noll (2010) points out that energy technolo-
gies require a series of complementary innovations—
such as innovations in electric cars as well as a charging
infrastructure. The need for a network of innovations in
order for a given innovation to take off generates signifi-
cant coordination costs, which Noll describes as a “chick-
en-and-egg” problem: who goes first, at what scale, can
become a source of debilitating uncertainty for innova-
tors and investors. Neither a carbon price nor the Por-
ter Hypothesis provide answers as to how price-based or
regulation-based innovation will overcome these issues.
Indeed, the problem suggests falling back on the state as
the primary source for coordination. But that simply re-
turns us to the original argument for price-based emis-
sions regulations: that the state has limited information
and is likely to do a bad job “picking winners”

77 The “Porter Hypothesis'—
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4.3.3 Conclusion

Empirical and theoretical studies of the link between
emissions reduction and improved GDP growth are thus
decidedly mixed. In some countries, under some circum-
stances, support for domestic renewable or low-carbon
energy adoption has led to internationally competitive
firms that generate real income and employment gains
at home. The same may also be true of the link between
innovation-driven productivity improvement and emis-
sions regulation. But both outcomes, conceived in terms
of the narrow link between developments in the energy
sector and growth for the economy as a whole, appear
highly contingent on time and place. Furthermore, in
a global economy, they do not appear able to support
a broad-based outcome for green growth. And in their
worst form, they may encourage a view of the green tech-
nology sector as a zero-sum game, and green growth as a
mercantilist battlefield.
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BEYOND EMISSIONS AND
ENERGY: ENERGY SYSTEMS
TRANSFORMATION AND

THE CREATION OF ECONOMIC

OPPORTUNITY

Stepping back from the topic of green growth, it’s strik-
ing how limited the debate depicted above actually is.
The proposals discussed so far emphasize growth in the
energy sector—but the total value of that sector in most
advanced industrial economies is a mere 2-5% of GDP.
The rate of demand growth for energy of any form re-
mains limited to a few percent a year at most, and energy
efficiency improvements might reduce even that. For
all but small countries like Denmark, then, the energy
sector alone appears to be a poor candidate for generat-
ing dynamic growth for income and employment in the
economy as a whole.

Furthermore, this emphasis on energy in isolation
runs contrary to the core problem of emissions reduction
itself. Treating emissions reduction as a mere problem
of reducing energy demand or increasing the supply of
low-carbon energy ignores the underlying economic and
technological challenges posed by low-carbon energy it-
self. Intermittency, distributed generation, and demand
management all pose basic challenges to the energy sys-
tem as a whole, not just one component of it.

This process is better characterized as an energy
systems transformation (Zysman and Huberty 2010a,
2010b). That transformation will span not just the tech-
nological contours of the energy system, but the design
of its markets and the characteristics of the regulations
and business processes that govern these markets. The
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economic activity for such a transformation will go be-
yond just the creation of competitive renewable energy
firms, or innovation to provide lower-cost, lower-carbon
energy alternatives. Rather, it will embrace patterns of
economic production for the economy as a whole.

That transformation poses profound challenges to
growth-oriented climate policy. In particular, and un-
like earlier energy systems transformations, the “green”
electrons we hope to adopt offer few immediate or ob-
vious advantages compared to the “brown” ones econo-
mies currently enjoy in abundance. Indeed, much of the
investment required for this energy systems transforma-
tion is needed to remedy the problems of intermittency
and diffuse resources that make large-scale adoption of
renewables so challenging. In other words, we will spend
a vast amount to make sure that tomorrow’s energy sup-
ply looks about the same to the consumer as today’s does.

But it may also generate enormous opportunities to
translate climate change mitigation into growth. Past sys-
tems transformations—the adoption of the railways, the
electrification of the energy supply, or the rise of infor-
mation technology—have created enormous economic
growth even as they required massive investment. That
economic growth has come, not merely in the rail or
energy or IT sectors, but because of the opportunities
created by innovation in those sectors for the economy
as a whole. Indeed, in each case the growth in a given
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transformation create
new opportunities in the
broader economy?
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7 Earlier technological
transformations in
large systems—ICT or
rail—created growth
by generating new
opportunities for economic
production.

sector was far outstripped by the growth in the broader
economy. That growth came about because the inno-
vations themselves changed what was possible for eco-
nomic production, and those changes drove massive and
repeated investment in new business models, products,
and modes of production. As Perez has described for the
first and second industrial revolutions, those changes
then became the foundation of long-term growth (Perez
1985, 1993).

How best to structure policy in pursuit of this kind of
transformation poses a choice fraught with risk. Studies
of highly networked systems point to the enormous in-
ertia that most networked systems display. By definition,
networked systems like energy generate huge returns to
scale. Conversely, the value of a single system with large
numbers of users forestalls attempts to shift the system to
a new developmental trajectory (Katz and Shapiro 1985,
1986, 1994). This is certainly true of today’s energy sys-
tem, which is locked into fossil fuels through both the
design and capabilities of the infrastructure that ties to-
gether production, distribution, and use; and the struc-
ture of the markets and regulations that operate this in-
frastructure (Unruh 2000).

Escaping this lock-in poses real challenges. Even if
an emissions price alone appears insufficient to shift
the system as a whole, Noll (2010) rather persuasively
argues that escaping systemic inertia by simply picking
the winning technologies for a new system risks locking
in suboptimal, expensive, or nonfunctional technologies.
As Smil (2010) notes in the case of China, those tech-
nologies can lock tomorrow’s energy system into a given
pattern of operation just as surely as the fossil fuel invest-
ments of the last century did.

In contrast, Zysman and Huberty (2010) argue for an
approach that treats the network itself as the innovation
platform. The inertia inherent in the network makes the
network itself a barrier to innovation—both in the en-
ergy sector and in the broader economy. As with other
systems transformations, an open power grid, based on
stable legal and technical standards, can enable the kind
of private sector activity necessary to discover what op-
portunities new modes of energy production, distribu-
tion, and use can generate for the economy as a whole.

Of course, energy is not I'T or the railroads. Both these
earlier transformations benefitted from starting from a
clean slate. Neither transcontinental transportation nor
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the internet faced predecessor systems that had to keep
operating even as the transition to a new system took
place. And for ICT in particular, the relatively modest
cost of innovation atop the platform, combined with
the immediate advantages ICT innovations provided
to the private sector, drove rapid and iterated waves of
innovation and investment that produced tremendous
economic growth. Not so for the energy industry, where
billion-dollar investments depreciated over decades re-
main common.

But if growth is to come, it must come through the
possibility that a new energy system can create for the
economy as a whole—not just the new products or in-
vestments in a replacement for today’s systems. That, as
we've seen, poses serious challenges for policy, invest-
ment, and innovation in networked economies. But if it
could be accomplished, it would not be the first energy
systems transformation to change the potential for eco-
nomic growth. Consider, for instance, the role of coal in
the British industrial revolution. Nef (1932) argued that
coal itself was the major factor in making Britain an early
leader in the industrial revolution. But more recent stud-
ies, notably Clark and Jacks (2007), show that the rate of
productivity growth in coal mining in fact lagged behind
that of the British economy as a whole. Indeed, textiles
and transport led the way before coal became vitally im-
portant in the latter 19th century. But it is the network
effects that are so interesting. As Sieferle (2001) showed,
the adoption of coal over wood freed up land for other
industrial and agricultural uses, and relieved the energy
budgets of very energy-intensive industries like iron
and glassmaking. Thus even if the contributions of coal
to overall English productivity growth were themselves
small, the adoption of a coal-based energy system had
significant implications for production in the broader
economy. Even if, as Clark and Jacks argue, England
could have satisfied its energy needs from wood until the
mid-19th century, doing so would have forestalled doing
other things with the resources dedicated to a wood en-
ergy system. This early experience with energy systems
transformation suggests that the key to green growth in
the future lies not so much in using energy itself to drive
growth, but in discovering how the changes required to
decarbonize today’s energy system alter the possibilities
for the economy’s ability to generate and sustain prosper-
ity and employment on the whole.

77 Major differences in
starting points will
challenge attempts to
replicate the successes
of earlier systems
transformations.
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MOVING THE GREEN GROWTH
DEBATE FORWARD: SYSTEMS,
SOLUTIONS, AND POLICY

CHOICE FOR LOW-EMISSIONS

PROSPERITY

The decarbonization of modern industrial economies
will take the better part of the next century. Sustaining
a commitment to emissions reduction policies over that
kind of timeframe will require an approach that genera-
tes its own momentum. Relying on the goodwill, altru-
ism, or environmental friendliness of voters to sustain a
commitment to sometimes costly and disruptive chan-
ges, all in pursuit of diffuse and gradual benefits, remains
an unlikely recipe for success.

Green growth turns this problem on its head. It pro-
mises that the investments required for emissions redu-
ction can come at minimal cost, and potentially expand
both wealth and employment. But as this review has
demonstrated, the horizons of the current green growth
debate remain somewhat limited. Emissions reductions
appear possible at moderate cost. The jobs they generate
may be real and even durable, but in many cases may just
offset those lost to the declining “brown” sectors. Finally,
the possibilities for real economic growth so far identified
rely heavily on exports, rather than on improvements to
productivity or other more traditional sources of growth.
Altogether, this paints a picture of green growth that may
be real and achievable, but hardly generalizable or ine-
vitable.

Transcending these limitations will require going
beyond a view of green growth as something driven pre-
dominately by the energy sector. Earlier systems trans-
formations drove growth only in part through the inve-
stment in the transforming sector itself. Rather, whether
by rail transport or instant communication or limitless
energy, they changed what was possible for the economy
as a whole. In doing so, they became platforms for new
innovations, products, and business models that them-
selves provided the foundations for rapid and sustained
growth.

Achieving this vision of green growth may therefore
require more emphasis on discovery, and less on the spe-
cifics of energy itself. Structuring the energy networks
of tomorrow, and the markets that govern how energy

is produced, distributed, and used, so as to enable disco-
very and innovation, may provide the best opportunity
for green growth. But that remains a difficult and uncer-
tain policy challenge.

97 The real green growth
challenge requires
structuring the low-
carbon energy systems
transformation to allow
the entire economy to
discover the growth
potential created by
new ways of producing,
distributing, and using
energy.

Shaping the Green Growth Economy 29



References

REFERENCES

30

Arrow, Kenneth et al. "Economic growth, carrying
capacity, and the environment." Environment and
Development Economics 1, no. 1 (1996): 104-110.
DOI: 10.1017/S1355770X00000413.

Ban, Ki-moon and Al Gore. “Green Growth

is Essential to Any Stimulus.” Financial

Times. February 16, 2009. http://www.ft.com/
cms/s/0/0fa98852-fc45-11dd-aed8-000077b07658.
html#axzz1FZUuyrdW.

Barbier, Edward B. "Linking green stimulus,
energy efficiency and technological innovation: the
need for complementary policies". Working paper,
Transatlantic Energy Efficiency Workshop, Uni-
versity of California Berkeley, Berkeley, CA, 2011.
http://igov.berkeley.edu/trans/content/linking-
green-stimulus-energy-efficiency-and-technologi-
cal-innovation-need-complementary-pol.
Barkenbus, Jack et al. "Resource and Employment
Impact of a Renewable Portfolio Standard in the
Tennessee Valley Authority Region". ISSE Report
2006-01, Institute for a Secure and Sustainable
Environment, University of Tennessee, Knoxville,
TN, 2006. http://web.utk.edu/~isse2006/pdf/isse-
pubs/2006_01_renewstand.pdf.

Baumol, William J. “On taxation and the control
of externalities” The American Economic Review.
Vol. 62, no. 3 (1972): 307-322.

Bovenberg, A. Lans and Ruud A. de Moojj.
"Environmental Levies and Distortionary
Taxation." The American Economic Review 84,
no. 4 (1994): 1085-1089.

Bowen, Alex et al. "An outline of the case for a
‘green’ stimulus." Policy brief, Grantham Research
Institute on Climate Change, London School of
Economics, London, UK and Center for Climate
Change Economics and Policy, University of Leeds,
Leeds, UK, 2009. http://eprints.Ise.ac.uk/24345/1/
An_outline_of_the_case_for_a_green_stimulus.pdf.
Bradsher, Keith. “To Conquer Wind Power, China
Writes the Rules” The New York Times. December
14, 2010. http://www.nytimes.com/2010/12/15/

business/global/15chinawind.html.

Buffa, Andrea. “Economic Development: The
Missing Link in a National Clean Energy Policy”
Apollo Alliance: Clean Energy & Good Jobs. Octo-
ber 15, 2009. http://apolloalliance.org/new-apollo-
program/economic-development-the-missing-link-
in-a-national-clean-energy-policy091/.

Center for American Progress. “Cap and Trade
101: What is Cap and Trade, and How Can We
Implement it Successfully?” Center For American
Progress. January 16, 2008. http://www.american-
progress.org/issues/2008/01/capandtrade101.html.
Chaffin, Joshua. “Carbon Trading: Into Thin Air”
Financial Times. February 14, 2011. http://www.
ft.com/cms/s/0/368f8482-387d-11e0-959¢-00144fe
abdc0.html#axzz1Fg6PqXVZ.

Clark, Gregory and David Jacks. "Coal and the
Industrial Revolution, 1700-1869." European Re-
view of Economic History 11, no. 1 (2007): 39-72.
DOI:10.1017/S1361491606001870.

Cogan, John F. et al. "New Keynesian versus old
Keynesian Government Spending Multipliers."
Journal of Economic Dynamics and Control 34, no.
3 (2010): 281-295.

Cwik, Thomas, and Volker Wieland. "Keynesian
government spending multipliers and spillovers in
the euro area." Working paper, Center for Econo-
mic and Policy Research, Washington D.C., 2009.
http://www.volkerwieland.com/docs/Cwik_Wie-
land_EU_Stimulus_090722.pdf.

Daily, Matt, Christoph Steitz and Leonora Walet.
“Special Report: Is a Solar Trade War about to
Flare?” Reuters. January 17, 2011. http://uk.reuters.
com/assets/print?aid=UKTRE70G2C620110117.
Daly, Herman E. "Toward some operational
principles of sustainable development." Ecological
Economics 2, no. 1 (1990): 1-6.

The Danish Government and the Danish
People’s Party, “Danish Agreement on Green
Growth.” June 16, 2009. http://www.mim.dk/
NR/rdonlyres/54887891-D450-4CD7-B823-



CD5B12C6867A/0/DanishAgreementon-
GreenGrowth_300909.pdf.

Dickey, Christopher, “A Green Deal’: Some of
the World’s Most Powerful Leaders Argue that this
Crisis is a Call to Speed Up the Creation of a New
Energy Economy. Why They’re Right” Newsweek.
October 25, 2008. February 1, 2011. http://www.
newsweek.com/2008/10/24/a-green-new-deal.html.
Dimitropolous, John. "Energy productivity im-
provements and the rebound effects: An overview
of the state of knowledge." Energy Policy 35, no. 12
(2008): 6354-6363.

Doerr, John. "John Doerr sees salvation and profit
in greentech." Lecture presented at TED Talks,
Monterey, CA, March 2007. http://www.ted.com/
talks/john_doerr_sees_salvation_and_profit_in_
greentech.html

Dreyfuss, Robert. “The Greening of China” The
Nation. September 2, 2010. http://www.thenation.
com/article/154483/greening-china.

Duggan, Jill. “The Truth about Cap-and-Trade in
Europe” World Resources Institute. November 19,
2009. http://www.wri.org/stories/2009/11/truth-
about-cap-and-trade-europe.

DWIA. Danish Wind Industry Annual Statistics.
Copenhagen: Danish Wind Industry Association,
2009.

Engel, Ditlev and Daniel M. Kammen. "Green
Jobs and the Clean Energy Economy." Thought
Leadership Series 04, Copenhagen Climate Coun-
cil, Copenhagen, Denmark, 2009. http://www.
climatechange.ca.gov/eaac/documents/member_
materials/Engel_and_Kammen_Green_Jobs_and_
the_Clean_Energy_Economy.pdf

European Commission. "A resource-efficient
Europe - Flagship initiative under the Europe 2020
Strategy." Brussels, Belgium: COMM(2011) 21,
January 2011a.

European Commission. "A Roadmap for moving
to a competitive low carbon economy in 2050."
Brussels, Belgium: COMM(2011) 112/3, March
2011b.

Europe's Energy Portal. "Gas & Electricity Dome-
stic: Electricity Rates for Households." Prices and
Statistics. Last modified on March 10, 2011. http://
www.energy.eu/#Domestic

Faulin, Javier et al. "The outlook for renewable
energy in Navarre: An economic profile." Energy
Policy 34, no. 15 (2006): 2201-2216.

Fischer, Carolyn and Richard G. Newell. "En-
vironmental and technology policies for climate
mitigation." Journal of Environmental Economics
and Management 55, no. 2 (2008): 142-162.
Friedman, Thomas L. “Start-Ups, Not Bailouts.”
The New York Times. April 4, 2010. http://www.ny-
times.com/2010/04/04/opinion/04friedman.html.
Friedman, Thomas L., “The Green- Collar
Solution” The New York Times. October 17,

2007. http://www.nytimes.com/2007/10/17/
opinion/17friedman.html.

References

Ghosh, R. N. "Introduction.” in The General The-
ory of Employment, Interest, and Money by John
Meynard Keynes, xiii-xlvi. New Delhi: Atlantic
Publishers and Distributors, 2006.

Giles, Judith A. and Cara L. Williams. "Export-led
growth: a survey of empirical literature and some
non-causality results. Part 1." The Journal of Inter-
national Trade & Economic Development 9, no. 3
(2001): 261-337.

Glaeser, Edward L. “Why Green Energy Can't Po-
wer a Job Engine” The New York Times: Economix.
January 18, 2011. http://economix.blogs.nytimes.
com/2011/01/18/why-green-energy-cant-power-a-
job-engine/.

Goulder, Lawrence H. "Environmental Taxation
and the Double Dividend: A Reader's Guide." In-
ternational Tax and Public Finance 2, no. 2 (1995):
157-183. DOI: 10.1007/BF00877495.

Green, Joshua. “The Elusive Green Economy.” The
Atlantic. July/August 2009. http://www.theatlantic.
com/magazine/archive/2009/07/the-elusive-green-
economy/7554/.

Greenhouse, Steven. “Millions of Jobs of a Dif-
terent Collar” The New York Times. March 26,
2008. http://www.tullyschools.org/tfiles/folder581/
Green%20Collar%20]Jobs.pdf.

Grubler, Arnulf, Nebojsa Nakicenovic, and David
G. Victor. "Dynamics of energy technologies and
global change." Energy Policy 27, no. 5 (1999): 247-
280. DOI:10.1016/S0301-4215(98)00067-6.
Hanemann, Michael. "The Role of Emission
Trading in Domestic Climate Policy." The Energy
Journal 30, special issue 2 (2009): 73-108.
Hausmann, Ricardo, and Cesar Hidalgo. "The
Building Blocks of Economic Complexity." Pro-
ceedings of the National Academy of Sciences 106,
no. 26 (2010): 10570-10575.

Hemming, Richard, Michael Kell and Selma
Mahfouz. "The Effectiveness of Fiscal Policy in
Stimulating Economic Activity: A review of the
Literature." Working paper 02/280, International
Monetary Fund, Washington D.C., December 2002.
Herring, Horace. "Energy efficiency--a critical
view." Energy 31, no. 1 (2006): 10-20.

Heymann, Mathhias. "Signs of Hubris: The
Shaping of Wind Technology Styles in Germany;,
Denmark, and the United States." Technology and
Culture 39, no. 4 (1998): 641-670.

Hidalgo, Cesar et al. "The Product Space Conditi-
ons and the Development of Nations." Science 317,
no. 5837 (2007): 482-487.

Hillebrand, Bernhard et al. "The expansion of
renewable energies and employment effects in Ger-
many." Energy Policy 34, no. 18 (2006): 3483-3494.
Hoerner, Andrew J., and Benoit Bosquet. "En-
vironmental Tax Reform: The European Experi-
ence." Research paper for Center for a Sustainable
Economy, Washington D.C., 2001.

Houser, Trevor, Shashank Mohan, and Robert
Heilmayr. "A Green Global Recovery? Assessing

Shaping the Green Growth Economy 31



References

32

US Economic Stimulus and the Prospects for Inter-
national Coordination." Policy brief 09-3, Peterson
Institute for International Economics, Washington
DC, 20009. http://wwww.iie.com/publications/pb/
pb09-3.pdf.

Huberty, Mark and John Zysman. “An Energy Sy-
stems Transformation: Framing Research Choices
for the Climate Challenge” Research Policy 39, 18
(2010): 1027-1029.

International Energy Agency. “Ensuring Green
Growth in a Time of Economic Crisis: The Role of
Energy Technology” G8 summit: Siracusa, April
22-24,2009.

International Energy Agency. "Global fossil fuel
subsidies and the impact of their removal." Slide-
show presentation, Office of the Chief Economist,
International Energy Agency, 2008.

Jenkins, Jesse, Ted Nordhaus, and Michael
Shellenberger. "Energy Emergence, Rebound

& Backfire as Emergent Phenomenon." Report,
Breakthrough Institute, Oakland, CA, 2011. http://
thebreakthrough.org/blog/2011/02/new_report_
how_efficiency_can.shtml.

Jin, Sang-Hyeon. "The effectiveness of energy
efficiency improvements in a developing country:
rebound effects of residential electricity in South
Korea." Energy Policy 35, no. 11 (2007): 5622-5629.
Jones, Van. The Green Collar Economy: How One
Solution Can Fix Our Two Biggest Problems. San
Francisco, CA: HarperOne, 2008.

Katz, Michael L. and Carl Shapiro. "Technology
Adoption in the Presence of Network Externalities."
The Journal of Political Economy 94, no. 4 (1986):
822-831.

Katz, Michael L. and Carl Shapiro. "System
Competition and Network Effects." The Journal of
Economic Perspectives 8, no. 2 (1994): 93-115.
Hargadon, Andrew and Martin Kenney. “Misgui-
ded Policy? Following Venture Capital into Clean
Technology” BRIE Working Paper. March 2011.
Keohane, Nat. “What Will it Cost to Protect
Ourselves from Global Warming?” Environmental
Defense Fund. April 23, 2008. http://blogs.edf.org/
climate411/2008/04/23/cost_of_capping_ghg/.
Kolbert, Elizabeth. “Greening the Ghetto: Can

A Remedy Serve for Both Global Warming and
Poverty?” The New Yorker: The Political Scene.
January 12, 2009. http://www.newyorker.com/
reporting/2009/01/12/090112fa_fact_kolbert.
Koplow, Doug and John Dernbach. "Federal Fossil
Fuel Subsidies and Greenhouse Gas Emissions: A
Case Study of Increasing Transparency for Fiscal
Policy." Annual Review of Energy and Environment
26, (2001): 361-389.

LaMonica, Martin. “Wary green-tech venture inve-
stors shift gears” CNET News, 13 November 2009.
http://news.cnet.com/8301-11128_3-10397440-54.
html.

Larsen, Bjorn and Anwar Shah. "World Fossil Fuel
Subsidies and Global Carbon Emissions.” Working

Paper 1002, Office of the Vice President, Develop-
ment Economics, World Bank, 1992. http://www-
wds.worldbank.org/external/default/WDSContent-
Server/TW3P/IB/1992/10/01/000009265_39610031
53846/Rendered/PDF/multi_page.pdf.

Lehr, Ulrike et al. "Renewable Energy and Employ-
ment in Germany." Energy Policy 36, no. 1 (2008):
108-117.

Leipziger, Danny. “In a Crisis, Use the Tools
Keynes Bequeathed Us” Financial Times. June 10,
2010. http://www.ft.com/cms/s/0/0fa98852-fc45-
11dd-aed8-000077b07658 . html#axzz1 FZUuyrdW.
Lewer, Joshua J. and Hendrik Van den Berg. "How
Large is International Trade's Effect on Growth?"
Journal of Economic Surveys 17, no. 3 (2003): 363-
396.

Livermore, Martin. “Cap and Trade Doesn’t
Work: Obama Can Learn a Thing of Two From

the European’s Scheme.” The Wall Street Jour-

nal. June 25, 2009. http://online.wsj.com/article/
SB124587942001349765.html.

Manresa, Antonio and Ferran Sancho. "Imple-
menting a double dividend: recycling ecotaxes
towards lower labour taxes." Energy Policy 33, no.
12 (2005): 1577-1585.

Mitchell, Russ. "Behind the Green Doerr." Portfo-
lio.com. April 16, 2007. http://www.portfolio.com/
executives/features/2007/03/29/Behind-the-Green-
Doerr/

Moor, Andre de. "Towards a grand deal on subsi-
dies and climate change." Natural Resources Forum
25, no. 2 (2001): 167-176.

Moore, Stephen. “Obam’s ‘Investment’ Charade.”
The Wall Street Journal. January 27, 2011. http://
online.wsj.com/article/SB100014240527487046980
04576104481200969162.html.

Moreno, Blanca and Ana Jesus Lopez. "The effect
of renewable energy on employment. The case

of Asturias (Spain)." Renewable and Sustainable
Energy Reviews 12, no. 3 (2008): 732-751.
Mufson, Steven. “Europe’s Problems Color U.S.
Plans to Curb Carbon Gases” The Washington
Post. April 9, 2007. http://www.washington-
post.com/wp-dyn/content/article/2007/04/08/
AR2007040800758.html.

Mulligan, Casey. "Simple analytics and empirics
of the government spending multiplier and other
'Keynesian' paradoxes.” Working paper no. 15800,
National Bureau of Economic Research, Washingt-
on D.C., March 2010.

Nef, John. The Rise of the British Coal Industry.
London, UK: Frank Cass & Co., 1932.

Noll, Roger. "Encouraging Green Energy R&D:
Comment." Energy Economics, forthcoming.
Nordhaus, Ted, and Michael Shellenberger. Break
Through: From the Death of Environmentalism to
the Politics of Possibility. New York, NY: Houghton
Mifflin Company, 2007.

Nordhaus, William. "Designing a friendly space
for technological change to slow global warming."



Energy Economics (2010). DOI:10.1016/j.eneco.
2010.08.005.

Organization for Economic Co-operation and
Development. "Interim Report of the Green
Growth Strategy: Implementing our commit-
ment for a sustainable future." Paris, France: C/
MIN(2010) 5, May 2010.

Palmer, Karen and Wallace E. Oates. "Tightening
Environmental Standards: The Benefit-Cost or
the No-Cost Paradigm.” The Journal of Economic
Perspectives 9, no. 4 (1995): 119-132.

Perez, Carlota. "Structure Change and Assimi-
lation of New Technologies in the Economic and
Social Systems." Futures 15, no. 5 (1983): 357-375.
Pezzey, John. Sustainable Development Concepts:
An Economic Analysis. Washington, DC: World
Bank Environmental Paper Number 2, 1992.
Pooley, Eric. The Climate War: True Believers,
Power Brokers, and the Fight to Save Earth. New
York, NY: Hyperion, 2010.

Popp, David. "Energy, the Environment and Tech-
nological Change." Working Paper 14832, National
Bureau of Economics Research, Cambridge, MA,
2009. http://www.nber.org/papers/w14832.
Porter, Michael, and Claas van der Linde. "To-
ward a New Conception of Environment-Compe-
titiveness Relationship." The Journal of Economic
Perspectives 9, no. 4 (1995): 97-118.

Reddy, Shravya. “Protest Against Fuel Subsidies
Cutback- Test of Leadership for Indian Govern-
ment.” Switchboard National Resources Defense
Council Staff Blog. July 8, 2010. http://switchboard.
nrdc.org/blogs/sreddy/protest_against_fuel_subsi-
dies.html.

Roland-Holst, David. "Energy Efficiency, Inno-
vation and Job Creation in California." Research
Paper for Center for Energy, Resources, and
Environmental Sustainability, Berkeley, CA, 2008.
http://citeseerx.ist.psu.edu/viewdoc/download?doi
=10.1.1.170.3819&rep=rep1&type=pdf.

Romer, Christina, and Jared Bernstein. "The Job
Impacts of the American Recovery and Rein-
vestment Plan." Office of the President-Elect,
Washington D.C., 2009.

Sachs, Jeffrey. “Time to Plan for a Post-Keynesian
Era” The Huffington Post. June 11, 2010. http://
www.huffingtonpost.com/jeffrey-sachs/time-to-
plan-for-post-key_b_609473.html.

Samuelson, Robert J. “Selling the Green Eco-
nomy. The Washington Post. April 27, 2009. http://
www.washingtonpost.com/wp-dyn/content/ar-
ticle/2009/04/26/AR2009042601515.html.
Shellenberger, Michael and Ted Nordhaus.
“Green Jobs for Janitors: How Neoliberals and
Green Keynesians Wrecked Obama’s Promise

of a Clean Energy Economy.” The Breakthrough
Institute. http://thebreakthrough.org/blog/2010/10/
green_jobs_for_janitors.shtml.

Schipper, Lee and Michael Grubb. "On the re-
bound? Feedback between energy intensities and

°

References

energy uses in IEA countries." Energy Policy 28,
no. 6-7 (2000): 367-388.

Scott, Michael J. et al. "The impact of DOE buil-
ding technology energy efficiency programs on
U.S. employment, income, and investment.” Energy
Economics 30, no. 5 (2008): 2283-2301.

Shafik, Nemat. “Economic Development and
Environmental Quality: An Econometric Analysis
Oxford Economic Papers, New Series 46, Special Is-
sue on Environmental Economics (1994): 757-773.
http://www.jstor.org/stable/2663498.

Sharan, Suni. “The Green Jobs Myth” The
Washington Post. February 26, 2010. http://
www.washingtonpost.com/wp-dyn/content/ar-
ticle/2010/02/25/AR2010022503945.html.
Shrivastava, Paul. “The Role of Corporations in
Achieving Ecological Sustainability” The Academy
of Management Review 20, no. 4, (1995):936-960.
JSTOR. http://www.jstor.org/stable/258961.
Sieferle, Rolf Peter. The Subterranean Forest:
Energy Systems and the Industrial Revolution.
Cambridge, MA: The White Horse Press, 2001.
Smil, Vaclav. Energy Transitions: History, Require-
ments, Prospects. Santa Barbara, CA: Greenwood
Publishing Group Praeger, 2010.

Stavins, Robert N. "Experience with market based
environmental policy instruments.” In Handbook
of Environmental Economics, Volume 1, edited by
Karl-Goran Maler and Jeffery R. Vincent, 355-435.
Amsterdam: North Holland Publishing, 2003.
Strand, Jon and Michael Toman. "Green Stimu-
lus,' Economic Recovery, and Long-Term Sustaina-
ble Development." Policy Research Working Paper
5163, Environment and Energy Team, Develop-
ment Research Group, World Bank, 2010. http://
www-wds.worldbank.org/servlet/ WDSContentSer-
ver/WDSP/IB/2010/01/04/000158349_2010010412
1602/Rendered/PDF/WPS5163.pdf.

Tsiaras, Argyris. Review of The Green Collar Eco-
nomy: How One Solution can Fix Our Two Biggest
Problems, by Van Jones. Yale Economic Review,
Oct 9, 2009 . http://www.yaleeconomicreview.com/
book-reviews/16/72.

United Green Parties for Europe. “A Green New
Deal for Europe: Manifesto for European elec-

tion campaign.” Manifesto presented at Black Sea
Greens Conference, Sevastopol, Ukraine, 2009.
http://europeangreens.eu/fileadmin/logos/pdf/ma-
nifesto_ EUROPEAN_GREENS.pdf

United Nations Economic and Social Commis-
sion for Asia and the Pacific. “Green Growth
Initiatives in and Beyond the Region” ESCAP,
Bankhok, Thailand, December 2008. http://www.
greengrowth.org/gg-initiative.asp.

Unruh, Gregory. "Understanding Carbon Lock-
In." Energy Policy 28, no. 12 (2000): 817-830.

U.S. Congress. Senate Committee on Environ-
ment and Public Works. “Clean Energy Jobs and
American Power Act” Washington, D.C.: S. 1733,
December 16, 2009.

Shaping the Green Growth Economy 33



References

34

U.S. Congressional Budget Office. “The Econo-
mic Effects of Legislation to Reduce Greenhouse-
Gas Emissions” Washington, D.C.: Pub. No. 4001,
September 2009a.

U.S. Congressional Budget Office. "Estimated Im-
pact of the American Recovery and Reinvestment
Act on Employment and Economic Output as of
September 2009." Washington D.C.: Pub. No. 4037,
November 2009b.

U. S. Environment Protection Agency. "Acid Rain
Program 2004 Progress Report." Washington D.C.:
EPA 430-R-05-012, October 2005.

Wagner, Gernot. “Carbon Trading Grows Up”
Environmental Defense Fund. January 28, 2011,
http://blogs.edf.org/climatetalks/2011/01/28/
carbon-trading-grows-up/.

Wagner, Marcus. "The Porter Hypothesis Revi-
sited: A Literature Review of Theoretical Models
and Empirical Tests." Report, Center for Sustaina-
bility Management, University of Lueneberg,
Germany, 2003. http://129.3.20.41/eps/pe/pa-
pers/0407/0407014.pdf.

Wall Street Journal Europe. “The ‘Green Jobs”
Myth: European Workers Aren’t Believers” The
Wall Street Journal. December 10, 2008. http://on-
line.wsj.com/article/SB122886086448792609.html.
Waters, Richard. “China Dims Prospects for Sili-
con Valley Jobs” Financial Times, January 28, 2011.
http://www.ft.com/cms/s/0/99e5fa62-2b1b-11e0-
a65f-00144feab49a.html#axzz1 FZUuyrdW.

Wei, Max, Shana Patadia and Daniel M. Kam-
men. "Putting renewables and energy efficiency

to work: How many jobs can the clean energy
industry generate in the US?" Energy Policy 38, no.
2 (2010): 919-931.

Weitzman, Martin. “Prices vs. Quantities.” The
Review of Economic Studies, vol. 41, no. 4 (1974):
477-491.

Wing, Ian Sue. "The synthesis of bottom-up and
top-down approaches to climate policy modeling:
Electric power technologies and the cost of limiting
US CO2 emissions." Energy Policy 34, 18 (2006):
3847-3869.

Zichal, Heather. "Expanding Safe and Responsi-
ble Energy Production." The White House Blog,
Washington, D.C., Mar 8, 2010. http://www.white-
house.gov/blog/2011/03/08/expanding-safe-and-
responsible-energy-production

Zysman, John and Mark Huberty. “An energy sy-
stems transformation: Framing research choices for
the climate challenge” Research Policy 39 (2010a).
Zysman, John and Mark Huberty. "Governments,
Markets, and Green Growth: Energy systems
transformation for sustainable prosperity." Working
paper 192, Berkeley Roundtable on the Interna-
tional Economy, University of California Berkeley,
Berkeley, CA, (2010b). http://brie.berkeley.edu/
publications/WP192.pdf.






GREEN
GROWTH
LEADERS B

GREEN GROWTH LEADERS
- LEADING BY EXAMPLE
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Find out more at www.greengrowthleaders.org
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