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Cross-Brookings Initiative on Energy and Climate

Brookings’s Pivotal Role

The Brookings Institution is uniquely positioned 
to tackle the many challenges raised by the world’s 
transition to a lower carbon energy system. Led by 
Co-Chairs Bruce Jones, vice president of Foreign 
Policy, and David Victor, one of the world’s foremost 
authorities on the energy sector and on climate gov-
ernance, the Cross-Brookings Initiative on Energy 
and Climate mobilizes a core group of scholars with 
expertise in energy geopolitics, governance, climate 
economics, sustainable development, energy poverty, 
urban sustainability, global energy markets, climate 
governance and regulation, and resource scarcity. 

The energy and climate policy world is at a cross-
roads. With President Trump’s decision to withdraw 
from the Paris climate agreement, we have shifted 
from a world in which U.S. leadership was a driving 
force for global action against climate change to one 
in which leadership is uncertain and diffuse. At the 
same time, there is a sharp disconnect between the 
Paris agreement’s ambition and the reality of imple-
menting it. Managing the impact of climate change 
amid a changing energy landscape raises a number 
of policy questions, including:

�� How can governments reconcile the com-
peting objectives of reducing carbon emis-
sions while promoting economic growth 
and increasing the developing world’s access 
to energy?

�� What role does the private sector play in ad-
vancing energy transitions?

�� How can policymakers help particularly vul-
nerable populations and industries manage 
the transition to cleaner and more sustain-
able energy? 

�� What tools can incentivize innovation in 
low-carbon technologies? 

Brookings has the research capacity and the rela-
tionships to help grapple with these challenges. With 
overseas centers in China, India, and Qatar, the 

Brookings Institution is well-positioned to engage 
with influential actors in parts of the globe that en-
compass two-thirds of humanity, three-quarters of 
the world’s energy production, and three-quarters 
of global emissions. Brookings has extensive rela-
tionships with executives of the world’s top energy 
producers, governments at the city, state, and fed-
eral levels in the U.S. and internationally, and strong 
working relationships with experts in academia, 
think tanks, and the private sector. 

These relationships allow us to convene a dialogue 
between the private sector actors with the resources 
and know-how to drive an energy transition, and the 
governmental and diplomatic actors charged with 
negotiating the path forward. The ultimate goal is 
to provide these decisionmakers with independent 
and rigorous research while encouraging them to 
exchange knowledge in support of practical climate 
and energy policies. 

Written Work and Convening Power

The Initiative will publish a series of papers that will 
disseminate actionable knowledge and proposed solu-
tions to key stakeholders and decisionmakers in both 
the public and private sector. Reflecting the Initia-
tive’s commitment to actionable impact, the papers 
will offer defensible insight into how real governments, 
firms, and households will respond to evolving chal-
lenges in the global governance of climate change.  
 
The Initiative will also leverage Brookings’ unparalleled 
convening power to organize high-impact public and pri-
vate events on energy and climate topics, drawing together 
industry leaders, government officials, and academics.  A 
regular series of roundtables, timed to the production 
papers in the series, will help forge a network that 
straddles academe, industry, and government, and bi-an-
nual sessions on the geopolitics of energy and climate will 
mobilize Brookings’ deep strength in geopolitics to bring 
a degree of realism to bear on energy and climate policy.

About the Cross-Brookings Initiative on Energy and Climate
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Introduction and summary

President Donald Trump’s June 2017 decision to 
begin the process of withdrawing the United 
States from the Paris Agreement on climate 

change roiled the world of climate politics. We were 
among those who thought the decision was unnec-
essary and unwise. But its impact on actual prog-
ress toward the goal of minimizing and managing 
the damages of climate change is easy to overstate. 
Formal intergovernmental diplomacy has a role to 
play in shaping energy transitions, but a limited one. 

The fact is, deep cuts in emissions of carbon dioxide 
(CO2) and other pollutants, as required ultimately to 
stop planetary warming, requires transformation of 
energy systems that central architects and standard 
diplomatic procedures cannot orchestrate. For the 
foreseeable future, the role of formal global insti-
tutions will be limited to setting aspirational goals 
(most of which will be missed), and focusing atten-
tion while mobilizing political energy around the 
need for serious solutions. 

Diplomatic agreements also provide frameworks 
within which other actors do most of the real work 

involved in transforming energy systems. That work, 
for now, mostly involves experimentation and testing 
of new technologies and policies in local niches. The 
political incentives for those activities, and the in-
centives for new technologies to spread more widely, 
depend mainly on factors far outside the traditional 
realm of climate policy. Diplomacy can nudge behav-
ior and focus minds. But new facts on the ground—
new technologies, business practices, and incentives 
for transformation—alter the realm of what is polit-
ically possible. Although climate change is a global 
problem, solutions do not require consistent global 
multilateralism that engages all countries. Nor does 
it require consistent national policy support. Indeed, 
most experimentation and testing in the world’s 
largest economies is often distant from central gov-
ernment control. For example, in the U.S., even as 
the Trump administration unwinds national climate 
policies, many other jurisdictions within the country 
are flooding in with their own invigorated efforts. 

Here we offer a new political logic to explain how gov-
ernments, civil society, and firms are grappling with 
the problem of climate change in an era when the un-
derlying political forces that determine what is possi-
ble are erratic, scattered, and in flux. We explain what is  
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happening and also outline how governments, civil 
society, and firms can build on the momentum Paris 
has helped to create. We chart a practical pathway 
through what has become a too-abstract debate be-
tween the realities of modern energy systems and the 
ambitious aspirations of deep decarbonization. As-
piration is not the same thing as realism about con-
sumers’ actual willingness to pay for energy shifts, 
and about the political obstacles to action and the 
political conditions and coalitions needed to over-
come those obstacles. For non-state actors, in par-
ticular, momentum and aspiration have generated 
massive efforts aimed at changing the politics of 
climate change. What is needed is a framework for 
understanding when those efforts will work and how 
they can find key pressure points. For firms within 
the energy industry, our framework helps explain 
how to invest around topics that are existential to 
the industry, yet do not have reliable political signals 
about what to expect on the same long timescales 
that are relevant to energy infrastructures.

The logic we offer is based on the idea that for nearly 
all countries and firms, climate change goals are not 
a central driver of change in energy markets and geo-
politics. Instead, the reverse is true—protecting the 
climate is one of many policy goals often buffeted 
by larger trends in political interests and technol-
ogy. Diplomacy largely follows and reacts to those 
deeper, fundamental political and economic forces. 
Top-level political leadership can make a difference 
in shaping societal and global expectations—as Pres-
ident Barack Obama did with sustained high-level 
political engagement on the climate question, or as 
the French government has done in the run-up to 
the Paris Agreement and its aftermath. Even then, 
such bouts of leadership can, at best, raise a curtain 
and focus attention on a stage set by others. The un-
derlying facts surrounding practical deployment of 
new technologies are what drive changes in emis-
sions, political preferences, and how national gov-
ernments assess national interests. Those underlying 
facts—and how innovation, often directed toward  
decarbonization—are what determine the main 
shifts in energy systems and their emissions. 
Over time, this pattern of fundamentals first and  

diplomacy last may reverse, with climate change di-
plomacy and policy eventually becoming a more de-
cisive driver of change in its own right. But for the 
foreseeable future, especially in the U.S. and nearly 
all other large economies, the underlying facts on the 
ground matter more than diplomacy. 

Given these realities, we develop here an argument 
about what we call “episodic multilateralism.” The 
conditions for genuine global alignment on climate 
and energy issues across many countries are likely to 
be rare and fleeting. In between episodes of global 
diplomatic agreement, we argue that the conditions 
for the most transformative changes arise through 
action in niches and by small groups that are fo-
cused on technology and policy innovation. The key 
to understanding how policy and diplomacy evolve 
lies with understanding how these small groups and 
niches arise, and why they invest in practical prob-
lem-solving. 

We write with several audiences in mind. For firms, 
we offer roadmaps for understanding how policy 
may evolve on a topic where there are huge differ-
ences around the global market and where sifting 
reality from political aspiration is essential. For dip-
lomats and other policymakers, we offer some so-
briety about what really matters and where leverage 
is possible. For civil society, we suggest some ways 
to channel political energies, which are becoming 
much more organized in the aftermath of Paris, into 
leverage on the problem of emissions. And for all, 
including academics who study these questions, we 
focus on the frontiers—four of them, we find—that 
are the places to watch and work in accelerating the 
transformation of global energy systems. Those four 
frontiers are: 

�� First—rather than a constant focus on cli-
mate change as a truly global problem, we 
highlight the reality that the vast portion 
of emissions growth comes from a handful 
of jurisdictions. It can be much easier to  
organize efforts in these jurisdictions—
working in clubs, rather than large multilat-
eral institutions. We see important clubs at 
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the intergovernmental level—such as efforts 
involving the U.S., China, and India. We 
also see the emergence of non-state clubs of 
firms and sub-national governments. That 
clubs exist is hardly a new insight. What is 
new and looming as the central challenge 
is figuring out which of these clubs actually 
matter. There are tens of thousands of ini-
tiatives now focused on climate change, and 
separating signal from noise is the challenge. 
Many are called; few are chosen. 

�� Second—a focus on what we call “high 
leverage points,” i.e., places where short-
term action will generate tangible rewards. 
Tackling CO2 emissions has proved difficult 
because big cuts implicate economically 
and politically expensive action now with 
measurable gains only materializing much 
later and diffused across the globe. A bigger 
emphasis on short-lived climate pollutants 
like soot and methane can change this cal-
culus because such pollutants typically cause 
direct harm (e.g., to human health), which 
amplifies the benefits of control, and short 
lifetimes in the atmosphere also shorten the 
time between incurring the cost of cutting 
emissions and the appearance of politically 
useful benefits. 

�� Third—a focus on pivotal technologies. 
For emissions, the key technologies are 
related to electricity and transportation. 
Nearly all studies show that deep decar-
bonization is best achieved with deep elec-
trification. And in countries that have 
done the most to control emissions from 
electric power, the one sector that has 
proved hardest to tame is transport. Absent  

profound technological change—especially 
in electricity and transport—deep decar-
bonization will remain politically impossible 
because important governments and their  
political constituencies will see transforma-
tion as expensive and not worth the cost. 

�� Fourth—using episodes of diplomatic 
agreement to lay the foundation for deeper 
cooperation. In the past, most environmen-
tal diplomacy has addressed problems that 
have proved relatively easy to solve, and thus 
there have been few fears that countries will 
not honor their agreements. By contrast, in 
most other areas of international coopera-
tion—such as trade, investment, and arms 
control—those concerns have properly led 
governments to invest heavily in monitoring 
and enforcement. Deep cooperation on cli-
mate change will require the same, and the 
foundations for well-monitored, politically 
realistic, deep cooperation can be laid now. 

This paper is neither a dirge nor a call for passivism. 
Shifting the focus to niches, to innovation, to small 
groups that can drive action—all of this is part of cre-
ating the conditions under which it is realistic to shift 
policy, both national and global, through which deep 
transformation of energy systems will occur.1 Over 
the rest of this essay we outline our case in two major 
steps. First, we explain why episodic multilateralism 
is how climate diplomacy is likely to evolve. Second, 
we explore what this logic means for firms, govern-
ments, nongovernmental organizations (NGOs), and 
others that are trying to alter this system—so that di-
plomacy is more effective, investments in deep de-
carbonization are more profitable, and policy is more 
responsive to the underlying realities of how energy 
systems operate. 
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Part I: Rightsizing the roles for diplomacy

In recent years, the public debate about climate 
change in diplomatic circles has hewed closely to the 
question of whether leaders would be able to agree 
on an inclusive global agreement and then imple-
ment it. We were among those who celebrated the 
conclusion of the Paris Agreement.2 But achievement 
of the Paris goals was always going to require much 
deeper changes than diplomacy alone could deliver. 

Here we offer a view about how progress on energy 
transitions can emerge. International institutions 
and individual leaders matter. But much more im-
portant, in our view, are the underlying forces that 
create incentives for firms and governments to test 
and deploy new technologies that will transform the 
world’s energy systems.3 Essentially, all the major 
sources of emissions—energy systems, notably, but 
also the built infrastructure and agriculture—are 
highly decentralized activities with strong lock-in 
effects. They are hard to steer via weak global agree-
ments. Moreover, diplomatic agreements arise 
through slow processes and yield outcomes in epi-
sodic spurts that offer only periodic guidance.4  

This view suggests that all the efforts of governments 
and diplomats should be viewed through the lens of 
whether they alter the underlying economic and polit-
ical structures of energy systems and other emitting ac-
tivities. From that perspective, governments have some 
direct leverage. They are large consumers of energy 
themselves and operators of state-controlled power 
grids, fleets, and public lands. The U.S. government, 
itself, has spent $10-20 billion per year on energy ser-
vices over the last decade.5 Governments can influence 
prices and price signals through use of public lands, 
through contracting decisions, through regulation and 
other market interventions, and through taxation. But 
government action is not as simple as designing good 
policy; governmental action is above all political. To 
understand effective pathways for energy transitions, 
we have to consider how the shifting interests of or-
ganized political constituencies, including voters, alter 
how government behaves and how those shifts in be-
havior alter the content of both policy and diplomacy. 

This perspective may be particularly germane during 
the presidency of President Trump. While the Trump 
administration shows hostility to cutting emissions 
through federal policy, the practical relevance of 
the federal government is easy to over-state. For 
instance, for all the apparent interest within the 
Trump administration of advancing conventional 
coal, market forces created by inexpensive natural 
gas and improving renewables make it hard to see 
that the decline of coal (and its emissions) will re-
verse.6 Within the U.S., many states and localities 
are moving faster with their own climate and energy 
policies—spurred, in part, by the conspicuous hostil-
ity to this topic in Washington. 

The situation in the U.S. is far from unique. Across 
the industrialized world, even governments that 
have bold visions for cutting emissions, which 
all governments announced in the context of the 
Paris Agreement, are falling short.7 And across the 
emerging economies there are big changes in emis-
sions—mostly reductions compared with expected 
levels—due to forces unrelated to climate policy.8 

This section aims to explain why nearly all countries, 
including the U.S., approach the mission of deep de-
carbonization tentatively. Under political pressure, 
they announce bold goals but are not sure what they 
can implement. Real patterns of investment in new 
technologies and business practices change in halt-
ing ways that rarely align with bold goals. 

We first explain why it is difficult to create strong po-
litical support for costly climate policy within most 
countries and jurisdictions. The explanations are 
familiar, but we also explain where and how niches 
arise and societies do invest in emission reductions. 
The politics of deep decarbonization are hard and 
well-known, but the deviations from that rule are 
much more interesting and important to explain. 

Second, we explain the patterns of multilateral dip-
lomatic activity that emerge from these deep-seated 
difficulties in mobilizing and sustaining broad-based 
political support in many countries. It will be rela-
tively rare, we argue, for many different countries’ 
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national political systems to line up in ways that 
allow for meaningful international agreements. 
These fleeting periods of alignment can be captured 
in a process of global cooperation that we call “epi-
sodic multilateralism.”

Explaining and overcoming the difficult politics 
of decarbonization:  Niches and co-benefits

Stopping climate change is fundamentally about de-
carbonizing the world’s energy system. Many different 
pollutants cause climate change, but for the long-term 
health of the planet, one pollutant is most pivotal: carbon 
dioxide. About 14 percent of CO2 emissions come from 
changes in land use—notably deforestation—which 
have gone flat over time. Essentially all of the remaining 
CO2 emissions come from the energy system.9 Averaged 
globally, these emissions are still rising. 

Because CO2 has a very long residence time in the 
atmosphere, stopping the buildup requires very 
deep cuts in emissions—about 80 percent around 
mid-century.10 Absent technologies that remove CO2 
directly from the air—which are feasible, but ex-
tremely costly at present11—the geophysical nature of 
this main pollutant requires that the energy system 
become nearly fully decarbonized. 

The politics of decarbonizing the world’s energy 
system are extremely difficult to manage. In most ad-
vanced industrialized countries, nearly all energy de-
cisions occur in the private sector. The price of fuels 
emerges from competitive markets; actions that raise 
the price of energy are highly visible politically, which 
can make it difficult to mobilize and sustain coali-
tions of voters and firms needed for costly change. 
The energy system depends on infrastructures—
power lines, pipelines, shipping networks—that are 
expensive to build, require long periods of operation 
for recovery of costs, and thus change slowly. Some 
of these are amenable to policy shifts or regulation 
by governments; others are a function of long-term 
investment cycles by myriad private sector actors.12

 
In addition to physical inertia, there is often strong 
political resistance to costly and rapid changes. 

Altering the trajectory by investing in alternative 
technologies is initially hard because well-estab-
lished interests—producers and consumers—resist 
change that is costly for the incumbents. For all the 
firms that see opportunity, there are many other in-
cumbents that can readily organize to block change. 

In parts of the world where state-owned enterprises 
lead the energy sector—and therefore governments, 
in theory, are more firmly in control—the politics are 
no more fortuitous for rapid decarbonization. Some 
state-owned firms have led the rapid deployment of 
nuclear power (e.g., KEPCO in South Korea, EDF in 
France); others have overseen rapid deployments of 
some renewables (e.g., Huaneng and some provincial 
power companies in China) and gas (e.g., Pemex in 
Mexico, Statoil in Norway). But the carbon intensi-
ty of state-owned energy firms on average remains 
high, and operational efficiencies, in general, are low. 
While climate change has been on the agenda for 
three decades, almost no state-owned energy firm 
has been in the forefront of efforts to decarbonize, 
with Norway’s Statoil as the only major exception,13 
along with possibly Saudi Aramco, as founding 
members of an industry-led effort to invest in low 
carbon emission technologies.14

 Rather, detailed re-
search on the politics of state-owned firms has tend-
ed to emphasize that they are “states within a state”—
organized politically and economically to favor the 
status quo.15

  

Politically, the energy system is wired to avoid dis-
ruptive change. Nonetheless, within that system 
prone to stasis, there are pockets—at first shallow 
and narrow, later deeper and broader—where deeper 
cuts in emissions are feasible. 

Many of these niches open for reasons that have 
nothing to do with climate change. The spread of nu-
clear power to Abu Dhabi—which will commission 
four new reactors starting in 2017 through 2020—is 
driven by a desire to diversify the local energy system 
and cut the cost of an energy supply that previously 
came from burning local oil. In India, the national 
government and some state governments are re-in-
vigorating efforts to produce and pipe natural gas—an 
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activity that requires foreign investment and polit-
ically difficult choices such as allowing producers to 
charge full costs. India is doing this mainly to diversify 
its energy system and to reduce local pollution from 
coal and dirty petroleum-based transportation fuels. 

A smaller but growing number of pockets emerge 
due to policy choices motivated by concerns about 
climate change—for example, the expansion of re-
newable power in Germany or California. Through 
familiar processes of innovation and improvement 
by scaling, these early pockets lead to better per-
forming technologies, as well as more powerful in-
terest groups favoring change.16

 The earliest German 
solar energy policies were backed by a thin alliance 
of researchers and futurists; as solar and wind power 
became more ubiquitous, the coalition spread to in-
clude the mainstream of most of German politics.17

  

Some firms also find themselves focused on climate 
change because they face severe consequences if 
they fail. Oil and gas companies, mainly those based 
in Europe, fear erosion of their licenses to operate. 
There is a steady drumbeat of related pressures—from 
direct legal action against firms, to shareholder requests 
for disclosure, and potentially new requirements for 
firms to conduct extensive analyses of their exposure to 
climate risks and policy.18

 

Fortuitously, most efforts to control local air pol-
lution, improve energy security, and address other 
problems with energy systems also yield reductions 
in CO2 and other warming gases. Indeed, most of the 
emerging economies have made pledges on climate 
policy that do not require much or any extra effort 
because they are rooted in big changes in energy 
policy that the country and its firms are already plan-
ning.19

 Particularly striking are broad-based political 
coalitions in India and China that support action to 
deal with air pollution—these are politically power-
ful forces because they are anchored in solving tan-
gible local and regional problems, not because they 
encompass deep decarbonization.20

 In most of the 
world, deep decarbonization remains an elite topic 
associated more with canapés in Davos than the 
plight of the 99 percent.

The logic of episodic multilateralism

Political support for cutting emissions is weak and 
erratic—concentrated in a few jurisdictions that are 
still at the early stages of figuring out what is possi-
ble and what it will cost. Those include, for example, 
parts of Europe, the coasts in the U.S., portions of  
Japanese industry, and elements of large emerging 
economies—such as China’s push on electric vehi-
cles and renewables, India’s ambitious plans for solar 
power, and Brazil’s program to reverse deforestation. 

Not surprisingly, these fundamental patterns have 
an effect on international cooperation, which is hard 
to organize and sustain—a process we will call “ep-
isodic multilateralism.” Over time, the process of 
cooperation will become less episodic and erratic 
and more regular; cooperation will deepen as more 
jurisdictions learn what is feasible and confidence 
grows that each is doing its part. For now, however, 
the dominant harmonics are episodic. 

The roots of episodic multilateralism lie in the fact 
that different populations frame the climate prob-
lem in very different ways because many believe 
that the most serious actions to control emissions 
are rooted in other more pressing policy goals. In 
addition, support for policies will vary over time 
since it is often affected by exogenous events that 
come and go—for example, extreme weather or 
catastrophes that focus minds on environmental 
problems. Within countries, there is also likely to 
be variation in policy support. Indeed, the bigger 
the country, the more varied its domestic politics. 
In the U.S., for example, perhaps only half a dozen 
states reliably support decarbonization—all are 
wealthy, coastal states, and nearly all vote reliably 
for one political party (Democratic) and therefore 
are often excluded from the national ruling coali-
tion. In many more states, the politics around cli-
mate change are constantly shifting, even though 
particular cities remain more committed to global 
warming efforts—for example, the deep green city 
of Boulder within the purple state of Colorado 
or the green city of Austin within the red state of 
Texas.21
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When diplomacy on climate change began in the 
early 1990s, this tremendous variation in the un-
derlying framing and political support for policy 
might not have mattered as much. That is because, as 
shown in Figure 1, a sizeable fraction of emissions—
perhaps two-fifths—came from “green” countries of 
the  Organization for Economic Co-operation and 
Development (OECD) whose populations, to vary-
ing degrees, had significant and growing concern 
about climate change. By 2000, emissions from those 
countries flattened, and in the period since then, 
emissions across the “greens” have declined substan-
tially for various reasons.  

Today, essentially all growth in emissions comes 
from countries that are more reluctant to spend 
their own resources addressing global prob-
lems—that is, the emerging economies such as 
India and China. Today, much more than in the 
1990s, when the United Nations Framework Con-
vention on Climate Change (UNFCCC) was 
crafted, serious diplomacy around climate change 
must contend with the reality that most of the  
emissions comes from countries that will have shifting 
	

and erratic support for emissions control. Worse, the 
fraction of global emissions from very poor coun-
tries—due mainly to agriculture (a big emitter of 
methane) and deforestation—remains nearly one-
fifth of the global total. These countries are much 
more focused on urgent development needs. And 
the share of emissions from large hydrocarbon ex-
porters—Russia and the Persian Gulf, mainly—has 
virtually not changed at all. 

A few countries—mainly in continental Western 
Europe—are run by governments whose main po-
litical parties are reliably focused on the mission 
of stopping global climate change. Unfortunately, 
these highly enthusiastic countries are a small and 
declining fraction of global emissions. Because they 
are mature, efficient economies, their emissions do 
not grow—a pattern reinforced by the policies they 
adopt.One of the great ironies in the geopolitics of 
climate change is that as a jurisdiction becomes more 
committed to addressing the problem of emissions, 
its direct leverage on the problem shrinks. For ex-
ample, the 11 Western European countries that have 
long been the main drivers of global climate change 
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Figure 1. A political perspective on the changing shares of global emissions
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Pies show the fraction of global greenhouse gas emissions (all gases, including land use change). 2012 was the most recent year for 
which there are essentially complete data. Wedges show emissions from (a) “green” countries that have tended to adopt climate 
policies mainly for reasons of concern about climate change; (b) emerging countries that are increasingly concerned about climate 
change, but whose emissions policies were motivated principally by other concerns such as local air pollution; (c) the least developed 
countries that have much more urgent local development priorities and relatively small energy-related emissions (although often high 
emissions from land use and agriculture); and (d) the big carbon-exporting countries that have incentives to block strict limits on 
emissions.22
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diplomacy accounted for 11.4 percent of global emis-
sions in 1990, a share that has halved to 5.7 percent in 
2015.23 The deep “green” countries have a keen inter-
est in doing something about the climate problem, yet 
have little or no capacity to affect the problem through 
their own actions. For leaders, solving the global prob-
lem requires followers. 

Part II: Rethinking diplomacy and what 
matters

Episodic multilateralism is a reality. In this section 
we explore what classic diplomacy can achieve in this 
context. There are places where diplomacy matters, 
but it is crucial to understand where and how dip-
lomatic action, including formal intergovernmental 
agreements, will affect the markets, choices of tech-
nology, and behaviors that ultimately cause emis-
sions. 

Politically, the challenge of creating effective systems 
of governance follows the logic of fractals. At the most 
global level, governing systems are weak but can exert 
some leverage. Zoom in a bit to macro regions and 
the same pattern replicates. Zoom still further to na-
tion-states and a similar pattern appears—all the way 
down to local levels where real firms invest in real 
projects.

At the global level, broad governance systems are good 
at setting goals but often poorly suited for the detailed 
spadework of implementation. These governance sys-
tems are weak because they require consent from es-
sentially all nation-states before they can operate. This 
consent process is not completely impotent—in setting 
technical standards, for example, consensus processes 
have had large impacts in marine shipping, aviation, 
consumer goods, and other elements of the energy in-
dustry.24  

At the regional and national level, governing systems 
are often stronger. They are good at some things—such 
as setting the standards for national electric power 
grids and fuel markets—but also poor at managing 
implementation in the small niches where radical  

innovation and deep decarbonization begin. That logic 
carries on down, partially replicating itself at each frac-
tal level. Because competence telescopes down to very 
local levels, one of the central challenges in building 
an effective system for governing climate change is 
to strike a balance between the intense “bottom-up” 
process of innovation and the more traditional “top-
down” process of formal diplomacy. 

Creating and sustaining the mechanisms for coopera-
tion can be costly, so close attention is needed on the 
net benefits. Those net gains are shown on the horizon-
tal axis in Figure 2, below. And because much of the  
international cooperation related to climate change 
arises in institutions that require various degrees of 
consensus, attention is also needed on the potential for 
important countries to block agreements and their im-
plementation, a property shown with the vertical axis 
in Figure 2. 

It is relatively easy to gain agreement on symbolic 
cooperation—for example, communiques that will 
have little practical impact on behavior because they 
are worded generally and yield few consequences 
if not honored. Those agreements may nonetheless 
have some value in framing topics for debate and 
signaling points for coordination. It may also be 
relatively easy (but not trivial) to agree on common 
goals and standards—such as the overall ambition 
for international cooperation, standards, and time-
tables for reporting—especially when goals adopted 
are not strictly enforced.25 The Paris Agreement con-
tained elements of both of these types of coopera-
tion—especially as shown in the lower right corner 
of Figure 2. It set ambitious common goals (stop-
ping warming at well below 2 degrees Celsius above 
pre-industrial levels, for example) without much in-
dividual accountability. Achieving an agreement in 
Paris was far from trivial, and once that agreement was 
achieved, its main benefits persist. What may prove  
particularly important on an enduring basis is the 
way that high-level political mobilization around 
Paris caught the attention of C-suite actors in the 
private sector, elevating climate and sustainability 
questions away from corporate social responsibil-
ity approaches to central matters of strategy and  
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enterprise risk, requiring continual attention from 
top executives and boards. 

Moving from left to right—toward agreements that, 
themselves, have a greater potential impact on behav-
ior—generally requires moving vertically as well. The 
central challenge for diplomacy as it becomes more ef-
fective is that such activities, especially formal agree-
ments, face much greater risks that dissatisfied parties 
will block them. As gains rise, so do costs, and in in-
ternational diplomacy those costs are usually reflected 
in more countries being able to block agreements and 
action. This is why so many analysts are intrigued by 
the opportunities to work in small groups—in clubs—
where it is possible to tailor membership to focus on 
areas where joint action is possible and on topics, such 
as regulating soot and other noxious pollutants, where 
joint gains are large.26 

Figure 2. Net benefits of creating and sustaining 
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Following the fractals, the same logic applies to large 
federal systems—such as India, the EU, the U.S., or 
Brazil—where central administrators are relatively 
weak while state and other decentralized authorities 
have formal administrative control and many veto 
points. The logic also probably applies to de facto 
federal systems, such as China, where there is strong 
central administration but the sheer complexity and 
political difficulty of planning and implementing 
transformative change means that provincial and 

local authorities have a lot of leverage (even vetoes at 
times) over outcomes.

This logic sets up the strategic choices for countries 
that want to advance climate policy. They can em-
phasize the pursuit of aggressive international coop-
eration that offers the largest potential for joint gains; 
put differently, they can double down on Paris and 
emphasize the centrality of diplomacy in solving the 
climate problem. Our argument is that such efforts—
that is, “diplomacy first”—comes with the near guar-
antee of substantive failure because there are deep 
structural impediments to success. Further symbolic 
gains might be recorded, after much laborious diplo-
macy, but these are unlikely to yield real changes in 
underlying policy and emissions in the absence of (a) 
major political change in the reluctant major econ-
omies and (b) proven new technologies and tech-
nological-industrial models for energy production, 
transmission, and consumption. The vertical axis on 
Figure 2 is treacherous to travel without new facts on 
the ground that weaken political resistance to change 
and reduce the number and strength of players that 
want to veto such efforts. 

The political logic of episodic multilateralism also 
helps to explain why diplomatic goals, usually, will 
be misaligned with realistic outcomes. Leaders of 
diplomatic processes know that the opportunities 
for agreement are fleeting and are under pressure 
to demonstrate results. Accountability is low, espe-
cially for the most distant and ambitious goals. This 
problem is now abundantly apparent under the Paris 
framework where national efforts are not enough to 
stop warming at the widely discussed goal of 2 de-
grees Celsius. For diplomatic insiders, all of this is 
evidence of the need for more “ambition”—that is, 
stronger pledges and doubling down on the Paris 
process. Indeed, when the Trump administration 
flirted with the idea of softening the U.S. pledge, 
pro-ambition forces around the world labored to 
argue that pledges, under Paris, could only ratchet 
tighter.27 Indeed, the belief in this logic around legal 
ambition is so strong that the Paris process has asked 
for input on even more aggressive goals, such as 
stopping warming at 1.5 degrees Celsius.28
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To us, the reality of falling short in meeting long-
term goals is evidence that the underlying political 
structure of the climate change problem—that is, 
what veto-prone governments and diplomatic pro-
cesses can realistically accept—does not yet allow for 
deeper cuts. Improving that structure requires focus-
ing on the points of leverage—the niches and the rate 
at which new technologies and policy instruments 
pioneered in those pockets spread more widely. 

The degree of transformation needed for deep de-
carbonization cannot be planned from central global 
mandates. Instead, solutions hinge on implementa-
tion, and nobody knows which approaches will work 
best. A multiplicity of efforts in different political 
niches test out ideas and help determine which ap-
proaches work and will scale. The evidence suggests 
four core aspects to this. 

1. �Focus on the actors that matter, and work with 
them in small groups. 

Although climate change is a global problem, solu-
tions do not require consistent global multilateralism 
that engages all countries. Already over the last three 
decades of efforts to address the climate problem, 
cooperation has been highly fragmented and pur-
sued through overlapping institutions rather than 
just unified global frameworks. Indeed, coopera-
tion in small groups—clubs—can be more effective 
than efforts to forge global deals. Even during the 
tenure of President Obama—a president who was 
motivated to tackle climate change and ideologically 
predisposed to multilateralism—what emerged was 
not a formal system of highly structured cooperation 
through universal institutions, but rather a patch-
work of club-based action through the G-20, the 
Major Economies Forum, the Clean Energy Minis-
terial, and similar fora. Deals worked out in these 
smaller forums where cooperation was easier to en-
gineer set the agenda for the Paris deal. Most strik-
ing was the U.S.-China bilateral relationship, which 
led both countries to make mutual pledges in 2014, 
which had the intended effect of shaping the similar 
pledge-based process agreed a year later in Paris.29  

Looking to the future, there’s a need for greater focus 
on smaller groups. Those include the G-7, which can 
help keep key Western countries on track in terms of 
political commitments to overarching targets and in-
novations on climate finance.30 They also include the 
G-20, which has begun to explore more serious action 
on fossil fuel subsidies, and is the locus for coordina-
tion of investments around infrastructure—a trillion 
dollars’ worth of it—with major implications for energy 
pathways. Another potentially important small group 
is the Major Economies Forum on Energy and Climate 
(MEF), which emerged in 2009 out of the ashes of an 
often-derided Bush administration initiative, the Major 
Emitters Forum, and which has developed broad sup-
port from within its 17-strong membership. It divides 
its efforts between an action agenda (“concrete efforts 
to accelerate the transition to low-carbon economies” 
in areas such as energy efficiency in buildings) and at-
tempts to create the political conditions for agreement 
though the UNFCCC process.31 While it would be 
wrong to see the MEF as a competitor to the UNFCCC, 
any forum whose members account for three-quar-
ters of global emissions has the potential to play an in-
creasingly important governance role. What remains 
unclear at this writing is how these clubs will grapple 
with climate issues given the testy relationship between 
the Trump administration and seemingly all multilat-
eral institutions of any shape and size. Some of these 
efforts may hibernate or move into Track 2 mode for 
a while, but the foundations remain in place for prog-
ress in such settings. In the short term, for example, the 
G-20 and G-7 seem likely to place less focus on climate 
change, to avoid a hard clash with President Trump. 

There are also new clubs aimed at fostering invest-
ment in renewables (e.g., International Renewable 
Energy Agency) as well as some initial (though very 
small) efforts at transit efficiency (e.g., the Global 
Fuel Economy Initiative and International Coun-
cil on Clean Transportation). The U.S. also has at-
tempted to structure its bilateral climate cooperation 
around concrete initiatives; this is especially true 
with China, where the U.S.-China Climate Change 
Working Group focuses on smart grids, carbon cap-
ture and storage, vehicle emissions, energy efficiency, 
and sharing data.32 Most institutions perform poorly 
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when they are monopolies. The multiplicity of ef-
forts—partially overlapping, partially complements, 
and partially competitors—help create a more diverse 
ecosystem for experimentation and weeding out what 
works. 

Even more interesting, perhaps, are the “three-dimen-
sional” coalitions that are now emerging—groups of 
political actors that cover (two-dimensionally) many 
places on the planet as well as (vertically) cover na-
tional and sub-national levels of government.33  

The activities of cities could become an important 
new domain for cooperation within and across coun-
tries. The growing majority of energy consumption 
and carbon emissions is located in major cities. As a 
general rule, most innovation also happens in cities, 
and in the U.S., major cities are more closely aligned 
to climate-friendly politics than their broader state-
level political units. Upward of 67 percent of Amer-
ican economic activity and energy consumption, for 
example, took place in cities that voted heavily Dem-
ocratic during the 2016 election.34 Many of these cities 
have joined other jurisdictions to make declarations 
of support for deep decarbonization. For example, the 
“Under 2 MOU” now includes over 200 supporters—
from California to New South Wales, Alsace to East 
Kalimantan—each pledging to adopt policies consis-
tent with stopping warming at 2 degrees Celsius and 
thus undertaking deep cuts in emissions. Whether 
these city and other planners have real choices that 
could shift the overall energy mix or will implement 
those choices remains to be seen.35

2. �Focus on high-leverage emissions: Short-lived 
climate pollutants

The geochemical attributes of CO2, the protagonist 
in the story about long-term changes in the climate 
system, are politically very inconvenient. Because the 
pollutant is long-lived, the benefits from costly efforts 
to control emissions are diffused far into the future 
and across many countries. Concentrated costs and 
diffuse benefits are usually not recipes for successful 
cooperation, and it is not surprising that progress has 
been difficult. 

Short-lived climate pollutants (SLCPs) could be differ-
ent for two reasons. First, these pollutants have much 
shorter lifetimes, and thus the benefit from action is 
larger and appears faster than the benefits from efforts 
to control long-lived pollutants—an attribute that 
makes their economic net present value higher and 
their value to current politicians even higher. Soot has 
an atmospheric lifetime of about a week, for example, 
and yet is a major cause of climate warming.36 For 
physically large countries, this short lifetime means 
that many of the effects are felt within the country 
itself and not just diffused to others. For example, in 
the Arctic region, a major impact of soot emissions 
is the extra warming and melting of ice caused by 
soot deposits (which are dark in color) on ice (which 
is bright and otherwise reflects away much sunlight, 
rather than absorbing the solar heat). Russia, Canada, 
and others suffer significant harm from their own soot 
emissions partly for this reason. India, as well, suffers 
more melting of valuable Himalayan glaciers due to 
soot deposition on the ice from its own emissions.37

A second reason that these pollutants are attractive, 
politically, for action is that they cause many harms 
in addition to climate change. Methane, which has an 
atmospheric lifetime of a decade or so, is a precur-
sor to atmospheric pollution—notably ozone in the 
lower atmosphere, which harms human health and 
crops. Soot is a big direct killer—a leading cause of 
air pollution-related diseases—and also has indirect 
effects on other pollutants. Thus governments and 
communities that might otherwise not care much 
about impacts on the global climate might nonethe-
less care about these pollutants that cause large harm 
to human welfare. Indeed, new modeling work sug-
gests that for many countries, the impact of SLCPs on 
health and crops (especially health) is much more im-
portant than the impacts on climate.38 And in highly 
sensitive regions—notably the Arctic—these pollut-
ants can have a very large impact on the climate.

Tremendous leverage is possible for SLCPs, and that 
leverage could be highly compatible with the incen-
tives of key countries. Some new institutions have 
emerged with a focus in this area. Most notable is the 
Climate and Clean Air Coalition (CCAC) to Reduce 
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Short Lived Climate Pollutants, a club of countries, 
NGOs, and international organizations organized to 
analyze and act on the potential to tackle methane, 
black carbon, and hydrofluorocarbons (HFCs).39 It is 
disturbing to see, however, that the CCAC has been 
expanding in size—making the effort more diffuse 
and bargaining more complex—rather than staying 
focused on what a smaller group can achieve. There 
is a strong tendency in diplomacy toward inclusive-
ness, which is admirable in theory, without as much 
attention to needed strategy. 

Today, probably the best example of a country that 
is acting on SLCPs for reasons of self-interest—and 
fortuitously helping to protect the planet—is China. 
While some realism is needed on just what China 
is willing and able to achieve, there is no question 
that noxious levels of local and regional pollution are 
focusing political pressure on the Chinese govern-
ments—at the central, provincial, and local levels—
to cut emissions in ways that are also reducing the 
country’s overall impact on long-term global warm-
ing.40 Total coal consumption in China is set to level 
out about now, with total warming emissions not far 
behind. Older coal plants are being shut and replaced 
with newer ones that are much more efficient and 
kitted with extensive pollution control equipment.41 

3. �Focus on high-leverage technologies: Deep 
decarbonization will require technological 
transformation

Applied to climate change, what matters for prog-
ress is not more diplomacy, but tangible investments 
in technologies that reduce emissions. Here, specific  
reduction commitments will be much less important 
than demonstration/deployment of particular tech-
nologies—whether for carbon capture and storage or 
renewables—as well as practical business models that 
allow firms to profit and supportive interest groups to 
emerge. Confidence in the performance of these new 
technologies creates new facts on the ground—new 
confidence that deep decarbonization is possible at a 
reasonable cost. Deployment of these technologies will 
help catalyze interest groups that coalesce around the 
need for more effort. 

A spate of studies has shown that deep decarbonization 
will require massive technological transformation.42 
Although some research suggests that the needed 
technologies are at hand, the best analysis makes it 
clear that massive innovation will be required. Figure 
3, excerpted from the latest Intergovernmental Panel 
on Climate Change (IPCC) report, shows the differ-
ences between standard baseline scenarios for future 
emissions in which countries do not adopt substantial 
new policies (gray lines) and those in which countries 
deploy existing, known technologies and practices to 
improve energy efficiency (purple lines). Such efforts 
can plausibly stop growth in emissions, as evident, for 
example, in China where the emissions curve is now 
flattening.43 But deep cuts in emissions consistent with 
stopping global warming (green lines) require much 
more complete and massive transformation.44  

Because innovation is pivotal, it is important to 
understand the political underpinnings that lead  
governments to invest in innovation and to coordi-
nate their innovation policies. And it is important to 
understand where and how those governmental ac-
tivities intersect with the private sector investments 
in developing and deploying new technologies. 

For the first two decades of climate diplomacy, there 
was almost no sustained attention to the need for  
explicit technology innovation strategies. Most di-
plomacy focused just on emissions. On the surface, 
things are now changing. In Paris, governments 
announced Mission Innovation, an effort that in-
cludes 22 countries and the European Union that 
have pledged to double public sector investments 
in clean energy research and development over five 
years. A big effort to boost private sector investment 
in new energy technologies was also, in part, cata-
lyzed by the focus on climate change created by the 
Paris process.45 While fresh attention to innovation is 
welcome, the same perverse logics of diplomacy are 
now playing out in innovation. Governments have 
proved adept at making bold statements, but the un-
derlying patterns in policy and behavior have not yet 
changed. While many promising technologies are 
emerging, direct policy efforts to achieve massive in-
novation remain erratic and weak. 
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Nearly every major success in international environ-
mental diplomacy has been rooted in confidence that 
the major countries could implement strict interna-
tional commitments at an acceptable cost at home. The 
ozone layer accords, for example, were the epitome 
of deadlock and thin symbolic agreements—similar 
to climate today—when the major emitters thought 
that deep cuts in emissions would be expensive. New 
facts—in that case, new technologies along with new 
political supporters—made it possible to move quickly 
from the symbolic achievements in 1985 of the Vienna 
Convention, to the numerical cuts agreed in 1987 in the 
Montreal Protocol, to even deeper cuts agreed in 1989 
and periodically in the years since.46

In the realm of energy-related emissions, some of the 
pivot points depend on key technologies and fuels. One 

technological example is pervasive electrification—in-
cluding of the vehicle fleet—which could allow rapid 
and complete decarbonization of the energy system.47 
Already some niches are emerging for electrification—
in California, Norway, and now in countries such as 
France and Britain that have announced bans on new 
internal combustion vehicles that will take effect over 
the next few decades—but it is important to assess how 
quickly (and at what cost) this electrification will unfold 
in the real world. This is not the first time governments 
have tried to impose quotas on internal combustion 
vehicles, only to find that the technology and markets 
were not ready. Also important is to assess areas of the 
energy system, such as freight and air travel, where 
electrification seems more remote. 

Many new facts on the ground are coming into focus. 
Battery technology, for example, is improving at a pace 
that is among the most rapid for any major energy 
technology in recent decades.48 Improved batteries 
could have a keystone effect for energy systems—en-
abling more responsive demand for electricity, more 
reliable integration of renewable power supplies, and 
a shift to electricity and away from oil for transporta-
tion. All of these changes, if handled well, could facili-
tate deep decarbonization.49

Some of these new facts will emerge autonomously, 
or through a combination of autonomous technolog-
ical change and policy. Some hinge on active policy 
support—and the political coalitions that sustain it.

Of course, a given technological advance can also have 
unforeseen economic and political effects. These also 
evolve over time. For example, important advances in 
the technology for fracking have seen a transforma-
tion of first U.S. and then global markets for natural 
gas, driving natural gas prices sharply down. Initially, 
many climate and energy scholars believed that natural 
gas could serve as a bridge technology, cutting emis-
sions by important amounts while still-lower emissions 
technologies matured. As low prices for gas endure, 
however, there is growing evidence that suggests that 
natural gas will emerge less as a bridge and more as a 
cul-de-sac unless the industry does more to control 
emissions associated with gas.

Figure 3. Transformation of the global energy system

Figure 3 shows all published emission scenarios reviewed 
in the 2014 IPCC report. See IPCC, “Climate Change 2014: 
Mitigation of Climate Change. Contribution of Working Group 
III to the Fifth Assessment Report of the Intergovernmental 
Panel on Climate Change,” (Cambridge: Cambridge University 
Press, 2014), http://www.ipcc.ch/report/ar5/wg3/. Gray lines 
are baseline scenarios. Purple lines are baseline scenarios with 
varying degrees of incremental change in energy efficiency. 
A huge gap remains between those scenarios and the green 
lines that offer a better-than-even chance at stopping warming 
at 2 degrees Celsius. Excerpted from Figure 1.9, David G. 
Victor et al., “Introductory Chapter,” in “Climate Change 2014: 
Mitigation of Climate Change: Working Group III Contribution 
to the Fifth Assessment Report of the Intergovernmental Panel 
on Climate Change,” IPCC (Cambridge: Cambridge University 
Press, 2014), http://www.ipcc.ch/pdf/assessment-report/ar5/
wg3/ipcc_wg3_ar5_full.pdf.
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4. Build foundations for better governance

Above we have focused on tangible actions that 
could deliver large leverage on the problem. All of 
them are in the spirit of changing facts on the ground 
in ways that reduce emissions and also make a more 
favorable political economy for new policies and in-
dustries to emerge. 

Eventually, if such efforts are successful, a more fa-
vorable foundation for international cooperation will 
be laid. Within countries, the interest groups around 
emission control will no longer be allied mainly to 
raise flags about the cost of such action. Real world 
demonstration projects will give incumbent firms 
more confidence about their role in a decarbonized 
future and will offer catalysts for new industries. The 
elements of that world exist in some places, but they 
are not pervasive and are still fragile politically. Many 
activists are impatient about getting to that future 
more quickly, and there are important questions 
about whether the whole process could be put on 
steroids. We are skeptical. The business of changing 
energy systems and changing how people and firms 
view what is feasible for their long-lived infrastruc-
ture is a slow business. 

Making the most of that more fortuitous future as 
it unfolds requires some planning right now. In 
particular, it is instructive to compare the expe-
rience with international environmental diplo-
macy—where countries are simply expected to 
comply with their obligations—with arms con-
trol, trade, investment, and nearly every other 
major area of international cooperation where  
compliance is not assumed. In many of these areas 
the parties to prospective international agreements 
invest heavily in information exchange provisions, 
confidence-building, procedures to facilitate inde-
pendent monitoring, and resolution of disputes.  

In climate, very little of this has happened. There are 
some provisions for information exchange, although 
there are ongoing debates about the quality of the 
data. The Paris process set up a pledge and review 
system, but the quality of the Nationally Determined 

Contributions (NDCs) is highly uneven and serious 
review mechanisms do not yet exist.50  

The Paris system offers a good, if incomplete, frame-
work for building a verification system. Stronger 
incentives are needed for countries to reveal more 
accurate information about the policies they are 
actually implementing, and which ones work. That 
will require that some countries volunteer for signif-
icant reviews of their Paris pledges. Those volunteers 
should also commit to adjust—up and down—their 
pledges in light of what reviews actually reveal about 
what is working. 

We see that volunteering activity as essential because 
formal intergovernmental agreement on review pro-
cedures seems highly unlikely given the large number 
of countries with diverging interests involved in Paris. 
Smaller clubs of countries that agree to mutual review 
could be very helpful, as with the U.S. and China, who 
agreed to submit themselves to mutual peer review of 
their efforts to remove fossil fuel subsidies under the 
G-20.51 This kind of review is particularly important 
because it is less focused on the specific compliance 
question of whether countries met their targets and 
more concerned with the policie that were tried, what 
worked, and what didn’t.52

National governments and other jurisdictions that 
have an incentive to make the Paris framework ef-
fective have a strong incentive to volunteer for this 
treatment. Traditionally, these questions have been 
discussed and debated by national governments. 
Broadly, under Paris, a new framework is emerging 
that encourages sub-national governments and other 
entities to make pledges—more than 12,500 such 
pledges now exist, and the number is growing.53 The 
sub-national actors most keen to make this new pro-
cess work should work harder to establish account-
ability and learning mechanisms, which will help to 
establish which of these pledges actually matter and 
what the rest of the world can learn from them.54 

Over time, technology can help. New technologies for 
remote sensing and measurement can allow civil so-
ciety actors to contribute substantially to monitoring 
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compliance with Paris goals. New satellites are being 
flown that can measure CO2 (and some other gases) 
remotely.55

 A very large network of existing ground 
stations, mainly in the Northern Hemisphere, makes 
it possible to de-convolute data on concentrations of 
gases in the atmosphere into likely emissions, with res-
olution at the level of some countries. As in arms con-
trol, it is likely that a few countries will invest in these 
technologies that will become the backbone of a more 
sophisticated system for determining what countries 
are actually doing and the impact on emissions. 

Unlike in arms control, where verification tends to be 
dominated by the national technical means of gov-
ernments and international organizations, civil soci-
ety is poised to play a central role in building useful 
information systems. Already, the most systematic 
and reliable data on national policies and emission 
trends is being compiled by NGOs.56

 Scientists also 
have the capacity to apply methods—such as from 
energy system modeling and atmospheric monitor-
ing—to spot trends in national and regional behavior 
and compare them with policy pledges.57 As civil so-
ciety gets more organized and strategic in its efforts 
to influence climate policy, this is a niche where its 
efforts may be most visible and effective. 

Conclusion

For some analysts, international cooperation is im-
portant in its own right—it is part of a new notion of 
sovereignty in which nations embed themselves in in-
ternational institutions. By this logic, multilateralism 
is nearly always an unalloyed good and unilateralism 
or more discriminatory forums are the opposite. The 
logic of global public goods points in a similar di-
rection—some problems and opportunities are truly 
global and require global approaches. 

While there are merits to intrinsic globalism and gover-
nance, in this paper we have taken a more hard-nosed 
approach. The purpose of cooperation, principally, is 
to solve problems that require collective governance. 
Success requires focusing on the places that have lever-
age. For climate change—because it is centrally about 

the transformation of energy systems that span every 
economy—that leverage does not come from central 
authorities with weak leverage over the economics and 
politics of energy.

The process we have outlined here emphasizes the 
central role for facts on the ground, which emerge 
from niches where there is stronger motivation and 
willingness to invest in change. New ideas and tech-
nologies then spread, creating still more facts on the 
ground and catalyzing new political coalitions that 
favor (or do not oppose so vehemently) more ambi-
tious action.

Today, the world is very early in that process, and 
for most countries, policy efforts are driven by con-
cerns other than climate change and often remain 
tentative. The landscape for ambitious cooperation 
is mostly a set of niches, networked by fairways that 
span the globe. California, Austin, the Vatican, and 
Shanghai have more in common than the other ju-
risdictions that are more geographically proximate. 
But with new facts and new political support, the 
fairways will widen while the niches deepen. But the 
world is still in the early stages of that major political 
transformation.

To be sure, climate change is a global problem whose 
solutions, ultimately, will require global cooperation. 
It is hard to see all of the world’s economies cutting 
emissions nearly to zero—incurring potentially large 
costs—unless governments have confidence that 
their economic competitors are adopting comparable 
measures.58 Aiming for that goal, however, requires 
confidence in the steps to get there. Without confi-
dence in new technologies and the policy and invest-
ment support that follows from that confidence, even 
the most advanced and elaborated global diplomatic 
agreements can only produce an ever-wider chasm 
between stated goals and realistically achievable out-
comes.

To highlight the relative importance of facts on the 
ground over diplomacy, it is an interesting thought 
experiment to imagine what would have happened 
to climate politics had Hillary Clinton won the 2016 
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presidential election. Indeed, we wrote the first draft 
of this paper in fall 2016 with that outcome in mind. 
At the time, what we saw that concerned us was an 
excessive enthusiasm for diplomacy when, in reality, 
it is the alteration of energy technologies, markets, 
and behavior that really matter. Continuous ad-
vances in the Paris agreement are all well and good, 
but not if they serve simply to open up an ever-wider 
gap between aspirational goals and implementable 
realities. 

Today, the risk is the opposite: that anger against 
President Trump’s Paris decision will drive too much 
emphasis on rescuing or propping up diplomacy 
after the Trump assault. The underlying realities—
whether Clinton or Trump—barely change. It’s the 
facts on the ground that matter.
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The danger in deregulation

Samantha Gross

In the last few days, the Trump administration’s oil 
and gas deregulation push entered a frantic new 
phase. On the last business day of 2017, the De-

partment of the Interior rescinded a 2015 rule regulat-
ing hydraulic fracturing (or fracking) on public lands, 
and reworked regulations on safety for offshore drill-
ing. Another dramatic announcement occurred on 
January 4, when the administration proposed opening 
up nearly all U.S. offshore waters to drilling.

President Trump has been clear about two goals of 
his administration: a push for what he calls “energy 
dominance” and a clear distaste for regulation of all 
kinds, particularly of the energy industry. But these 
two goals can be contradictory—the ongoing regula-
tory rollback may not ultimately benefit the energy 
industry. Deregulation could even do more harm 
than good, creating an uncertain long-term policy 
environment and undermining public trust.

Changing policy creates business risks

As I’ve written earlier, the energy industry invests 
primarily in capital-intensive, long-lived assets—oil 

fields or power plants with lives measured in de-
cades. A stable policy environment is important to 
these investments. Regulations and policy that are 
created in one administration can be rolled back in 
another, and the instability creates a challenge for 
managing and valuing such assets. Energy compa-
nies crave regulatory certainty.

Many companies, particularly large international 
corporations, are unlikely to substantially change 
their practices in response to the regulatory rollback, 
as they have global operating procedures to prevent 
safety and environmental incidents that could harm 
their assets or reputation. But when an incident 
occurs, the entire industry bears the reputation of its 
weakest actor. A regulatory floor to govern behavior 
is thus good for everyone.

Energy companies crave 
regulatory certainty.
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Reputation and trust are the most important 
assets of all

In the United States and around the world, energy 
production depends on support from local com-
munities, what the industry calls “social license to  
operate.” Especially in a democracy, public opposition 
can make life very difficult for energy producers. Public 
support for energy resource development depends on 
trust—in the companies doing the development and in 
the regulatory structure that governs their activities.

When the Trump administration dismantles energy 
regulation, it runs the risk of undermining the trust 
that underpins domestic energy development. U.S. 
oil and gas production has grown dramatically in 
recent years, but we have also seen a public backlash.

For example, hydraulic fracturing, and the oil and 
gas development that depends on it, faces deep 
grass-roots opposition in many parts of the country. 
Concerns about contamination of drinking water 
and other water resources are the most pressing con-
cerns. Three states have banned the practice entirely, 
including New York and Maryland, which border the 
Marcellus Shale gas resource (the third is Vermont, 
which has no known oil or gas resources). The hy-
draulic fracturing regulations the Trump adminis-
tration withdrew were focused on well construction, 
wastewater management, and chemical use disclo-
sure—the issues of greatest concern to the public.

Likewise, the Deepwater Horizon disaster in 2010 
was a crucial moment for the oil and gas industry 
in the United States. A cascade of failures resulted in 
the largest oil spill in U.S. history. A bipartisan pres-
idential commission studied the incident, and the 
new regulations issued in response were an import-
ant step toward restoring trust in the U.S. offshore oil 
industry. But the Trump administration is altering 
these regulations, for example by eliminating inde-
pendent inspections of safety and pollution equip-
ment that the bipartisan commission recommended.

I don’t mean to imply that oil and gas production in the 
United States is suddenly unregulated. State, local, and 

tribal regulations still apply to hydraulic fracturing on 
public lands. Safety and environmental regulations on 
offshore drilling have not been eliminated, just softened. 
And the proposal to open nearly all U.S. offshore waters 
to drilling is an opening salvo in a battle likely to go on 
for some time. Many governors, even Republicans, are 
vehemently opposed to drilling in waters off their states.

But the hard push toward deregulation is likely to have 
consequences for public trust, not just in companies, 
but in government itself. If the public feels that the 
government is being run by and for the energy indus-
try, accomplishing many important societal goals—like 
modernizing infrastructure and preventing the worst 
impacts of climate change—become much more difficult.

Even in areas where oil and gas are central to the econ-
omy, the public favors protective regulation. Oklahoma 
provides an example. Seismic activity, caused by under-
ground disposal of oil and gas wastewater, increased 
exponentially during the drilling boom there. The state 
government has responded with much greater regulation 
of underground waste disposal, including shutting down 
disposal wells in problematic areas, greatly increasing 
monitoring requirements, and establishing a public pro-
cess for approving some disposal wells. Despite the in-
creased regulation, the industry is thriving in Oklahoma, 
which was the sixth largest oil-producing and third larg-
est gas-producing state in the United States in 2016.

Oil and gas production involves a delicate balance be-
tween sufficient regulation to protect health, safety, 
and the environment and ensure public trust, without 
unnecessarily strangling development. Smart people 
across the political spectrum are likely to disagree on 
the particulars of a “Goldilocks” regulatory scheme. But 
I fear that this administration is moving too far and too 
fast in the direction of deregulation, potentially harming 
the industry it is trying so hard to protect and promote.

The hard push toward deregulation 
is likely to have consequences for 

public trust.
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China’s coal consumption has steadily de-
creased by a few percentage points a year 
since 2013, prompting our pronouncement 

of a coal consumption peak in an article published in 
the summer of 2016 in Nature Geoscience.

This declaration was echoed quickly by Zhang 
Guobao, former minister of the National Energy Ad-
ministration, who went further to suggest that the 
government make an official announcement on the 
coal peak.

However, in 2017, the beast of coal seemed to be 
quite untamed. Coal prices rose sharply, production 
and consumption went up, and the coal inventory 
was in sharp decline. Coal consumption appears to 
have made a quick rebound.

In a recent report by the Global Carbon Project pub-
lished during COP 23—the informal name for the 
23rd Conference of the Parties to the United Nations 
Framework Convention on Climate Change—the 
authors predicted a 3 percent increase of coal con-
sumption in China, leading to a 3.5 percent increase 

in China’s carbon emissions, a key contributor to a 2 
percent increase of global emissions in 2017.

Many are concerned about the robustness of Chi-
na’s energy decarbonization and its implication for 
climate change. Has China’s coal consumption really 
peaked?

First of all, the 3 percent increase of China’s coal 
consumption was likely to be an overestimate. The 
estimation was based on data from the China Coal 
Industry Association and the National Energy Ad-
ministration for the first half of 2017, when China’s 
coal consumption experienced a sharp rebound. The 
CCIA reported 5 percent growth, while the NEA 
said it was 1 percent, with a difference of 100 million 
metric tons between the two.

The Global Carbon Project report seems to have taken 
a simple arithmetic average of the two data sources. 
This treatment is inconsistent with convention for 
inter-annual comparison. The CCIA data is not used 
in official data reporting, since it includes only larger 
coal producers, which respond quite differently from 
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smaller ones. In addition, its treatment of inventory 
is quite different from national coal statistics. In 
2016, the CCIA calculated the inventory decrease to 
be about 240 million tons, causing 2 percent greater 
than the official data on total consumption. Thus, the 
CCIA data can be quite informative in understanding 
coal production of large producers, but not the best 
source to cite for approximating coal consumption, 
especially for inter-annual comparison.

The NEA data tends to be consistent with the official 
release from the National Bureau of Statistics and 
thus more appropriate for inter-annual comparison. 
According to the NEA, in the first three quarters of 
2017, coal consumption in China reached 2.81 bil-
lion metric tons, an increase of less than 1 percent 
from 2016. A similar estimation of 2.82 billion to 
2.83 billion tons is corroborated by the Energy Re-
search Institute of the NDRC.

We support the conclusion that coal consumption 
is likely to have experienced a rebound of around 1 
percent in 2017. Total consumption would be 3.82 
billion metric tons—150 million tons less than that 
of 2015, or 420 million tons less than the 2013 level. 
Even if coal consumption increased by 3 percent to 
3.90 billion tons in 2017 as the Global Carbon Proj-
ect report said, it is still far less than the 4 billion tons 
in 2015, let alone challenging the 4.24 billion tons 
peak in 2013.

Given the inappropriate use of the data sources, the 
Global Carbon Project estimation of global emis-
sions and contribution from China, especially from 
its coal consumption, may be misleading. Using the 
GCP estimation approach, we calculate that China’s 
overall emissions increase in 2017 would be closer to 
1 percent, instead of 3.5 percent—still lower than the 
2014 level.

Countering the market effect of rebounding coal use in 
power and industry, the government has been imple-
menting strong policies to substitute natural gas and 
electricity for coal use, mainly to address the air pollu-
tion problem. As a result, gas consumption increased 
by 17 percent in the first 10 months of the year. It is 

estimated that the substitution effort would replace 
about 47 million metric tons of coal use in 2017.

Entering the last quarter of the year, the momentum 
of coal use growth faded. In September, coal-fired 
electricity output and steel production, together 
representing about 75 percent of overall coal con-
sumption, declined by 0.5 percent and 1.4 percent, 
respectively, and further dropped by 2.8 percent 
and 1.3 percent in October. In November, coal-fired 
power production continued to decrease by 1.4 per-
cent from last year.

Looking ahead, we do not anticipate significant new 
growth of coal consumption this year or in the next 
few years. First of all, the Chinese government is not 
setting a higher target of growth for 2018. The tra-
ditional drivers of coal growth—construction and 
manufacturing—will continue to give way to the 
service sector in economic growth. Real estate de-
velopment is experiencing the coldest winter ever 
due to restrictive regulations by the central and local 
governments. Anticipation of a property tax would 
make speculators switch from “buy” to “sell” mode.

Additionally, investment in infrastructure construc-
tion by local governments is now haunted by the local 
debts and is unlikely to grow quickly. In fact, some 
provincial governments have gone public to acknowl-
edge and correct their overestimations of GDP and 
revenue. We stick to our conclusion made in 2016: 
Coal-fired growth is over, despite the fact that coal re-
mains the primary fuel for the Chinese economy.

In addition, the regional coal-cap policy will continue 
to squeeze coal out of the energy mix, especially in the 

We stick to our conclusion made 
in 2016: Coal-fired growth is over, 
despite the fact that coal remains 
the primary fuel for the Chinese 

economy.



haze-intensive regions in the north. It is expected 
that even less coal will be used next winter, when 
more gas pipes are in place for heating.

The real game changer is clean energy. The price 
of solar photovoltaic is at an all-time low, enough 
to compete against coal for power generation. Ad-
ditionally, wind power is well positioned to play an 
even bigger role.

Nevertheless, China is still the single largest coal 
user in the world, and coal represents more than 60 

percent of its energy mix. But in the long run, coal 
consumption will continue declining—with cur-
rent policies and the structural transformation of 
the economy from being a heavy industry-led, ex-
port-driven model to one sustained by services and 
domestic consumption—despite the annual and sea-
sonal fluctuations.

We have no doubt that China’s coal consumption has 
peaked and coal-fired economic growth has come to 
an end.

China’s coal consumption has peaked              27





Two important design choices for a U.S. carbon 
tax policy are the use of the revenue and 
whether and how to include measures to ad-

dress the competitiveness concerns of American busi-
nesses. Both of these policy design choices affect the 
political appeal and overall performance of the policy, 
and their effects can be interdependent. For exam-
ple, a carbon tax that funds reductions in corporate 
income tax rates could make U.S. firms more compet-
itive overall than they otherwise might have been.

In “The role of border carbon adjustments in a U.S. 
carbon tax,” Warwick McKibbin, Adele Morris, Peter 
Wilcoxen, and Weifeng Liu examine carbon tax 
design options in the United States using a model of 
the global economy. Through four policy scenarios 
the authors explore two overarching issues: (1) the 
effects of a carbon tax under alternative assumptions 
about the use of the resulting revenue, and (2) the 
effects of a system of import charges on carbon-in-
tensive goods (“border carbon adjustments”).

Consistent with earlier studies, the authors find 
that the carbon tax raises considerable revenue and  

reduces CO2 emissions significantly. Gross annual 
revenue from the carbon tax with lump sum rebating 
and no BCA begins at $110 billion in 2020 and rises 
gradually to $170 billion in 2040. By 2040, annual 
CO2 emissions fall from 5.5 billion metric tons 
(BMT) under the baseline to 2.4 BMT, a decline of 
3.1 BMT, or 57 percent. Cumulative emissions over 
2020 to 2040 fall by 48 BMT.

Figure 1. Border carbon revenue by region of origin

Nobody knew border carbon 
adjustments could be so complicated

Warwick J. McKibbin, Adele Morris, Peter J. Wilcoxen and Weifeng Liu
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Also consistent with earlier studies, the paper finds 
that the carbon tax has very small overall impacts 
on GDP, wages, employment, and consumption. 
Different uses of the revenue from the carbon tax 
result in slightly different levels and compositions 
of GDP across consumption, investment and net ex-
ports. Overall, using carbon tax revenue to reduce 
the capital income tax rate results in better macro-
economic outcomes than using the revenue for lump 
sum transfers. In a finding new to the literature, our 
results show that border carbon adjustments (BCAs) 
can have strikingly different effects depending on the 
use of the revenue and actually do more harm than 
good, depending on how the revenue is used.

In sum, a carefully designed carbon tax in the United 
States can reduce emissions significantly with mini-
mal effect on the economy. McKibbin et al. find no 
evidence of meaningful emissions leakage abroad, 
even when the U.S. policy is unilateral. Using carbon 
tax and BCA revenue to reduce distortionary taxes 
produces better economic outcomes overall and for 
most individual sectors. To the extent that policy-
makers wish to protect the interests of energy-inten-
sive trade-exposed industries with BCAs on imports, 
they should endeavor to tailor the adjustments to 
narrow, particularly vulnerable, subsectors so as not 
to inadvertently appreciate the U.S. dollar and do 
more harm than good overall.



In its January Oil Market Report, the Interna-
tional Energy Agency (IEA) predicts “explosive” 
growth in U.S. oil production, in reaction to 

rising oil prices. In a recent congressional hearing, 
Fatih Birol, Executive Director of the IEA, described 
the United States as “the undisputed oil and gas 
leader in the world over the next several decades.” 
U.S. production is forecast to exceed 10 million bar-
rels per day in 2018, surpassing Saudi Arabia and 
behind only Russia.

This incredible surge in production begs the ques-
tion—is the United States taking on Saudi Arabia’s 
role in the oil market? It’s an interesting question, 
and certainly one that the current administration 
raises with its emphasis on “energy dominance.” But 
the answer is no—the U.S. industry will never play 
a similar role to Saudi Arabia’s in the oil market, 
no matter how much U.S. oil production grows. To 
understand why, it’s helpful to consider recent oil 
market events.

OPEC pulls back supply to boost prices, but 
to what end?

After oil prices reached more than $110 per barrel 
in 2014, the benchmark Brent crude oil price col-
lapsed to as little as $30 per barrel in early 2016. In 
response, OPEC combined with Russia to decrease 
oil production, with the goals of increasing oil prices 
and decreasing oil inventories. The deal to reduce 
production by 1.8 million barrels per day (bbl/d) 
was struck in late November 2016 and has since 
been extended through the end of 2018. The Saudis 
have delivered the largest portion of the supply de-
crease, significantly exceeding their agreed-upon cut 
of 486,000 bbl/d. Since the production cuts, the oil 
price has risen by roughly $25 per barrel.

This result certainly looks like a success for OPEC. 
But given changes in the global oil market, OPEC’s 
overall gains are likely to be temporary.

The shale oil that dominates U.S. production growth 
delivers oil faster with much lower up-front costs than 
traditional oil and gas. This allows U.S. production to 

Is the United States the 
new Saudi Arabia?

Samantha Gross
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be very responsive to price swings like the one that 
OPEC has created in the last year. (I described this 
in an earlier post.) This responsive U.S. production 
is rapidly counteracting the OPEC production cut. 
In fact, the IEA forecasts that increasing U.S. oil pro-
duction alone will nearly make up for the OPEC cut 
by the end of 2018.

The rapid increase in U.S. oil production leaves 
OPEC in a difficult position. OPEC has shown its 
ability to compel production cuts from its members 
and raise the oil price, but at the cost of losing market 
share as U.S. production has grown in response to 
higher prices.

This loss of market share may be even more harmful 
to OPEC in today’s world of energy abundance. Pre-
dicting the timing of peak oil demand is becoming a 
parlor game among oil economists. While nearly all 
agree that the world will see one to two decades of 
continuing oil demand growth, maintaining market 
share in this changing world is more important than 
in the past. OPEC may have won the battle to raise 
the oil price, but it appears to be losing the market 
share war.

The United States is a crucial oil producer, 
but not a “dominant” one

The United States has become an important oil pro-
ducer and changed the landscape of the global oil 
market, particularly with its ability to more quickly 
rebalance the market in response to price changes. 
But important differences between the U.S. and 
Saudi oil industries mean that the United States will 
not take over the Saudi role in global oil markets, 
even though it is poised to surpass Saudi Arabia in 
terms of production volume.

Saudi oil is all produced by a single entity—Saudi 
Aramco—which is owned and operated by the Saudi 
government. Saudi Aramco does not operate on a 
simple profit motive like a for-profit company. Con-
cerns about politics and management of the global 
oil market influence production decisions in a way 

that would not occur at a company solely focused on 
profit. Saudi Aramco plans to sell shares equaling five 
percent of its value in an initial public offering (IPO) 
in the second half of this year, but the fundamental 
structure and decisionmaking at the company will 
remain controlled by the government.

In the United States, the oil industry is made up of 
dozens of companies that make individual invest-
ment and production decisions, based on their own 
costs, financial positions, and appetites for risk. The 
U.S. oil industry will never act as one to manage the 
market or raise prices. In fact, such behavior is ille-
gal under anti-trust law. But this is exactly how Saudi 
Aramco and the other OPEC members operate—it is 
the very purpose of OPEC.

A related point is that all of the individual U.S. pro-
ducers are price takers in the marketplace, mean-
ing that they have no ability to influence global oil 
prices through their own actions. But Saudi Aramco 
is large enough for its production decisions to in-
fluence prices. In addition to reducing production 
to push prices upward, as is happening today, Saudi 
Arabia can rapidly increase production to deal with 
oil supply disruptions. Saudi Arabia is the only oil 
producing country with significant spare production 
capacity. The U.S. Energy Information Administra-
tion estimates that the Saudis keep 1.5 to 2 million 
bbl/d of production capacity in reserve, a strategy 
that would not make economic sense for a for-profit 
company.

This difference between price taking and price making 
is why describing the United States as “energy dom-
inant” is misleading. To me, “dominance” implies an 
ability to move markets, whereas the U.S. industry, 
while strong and increasingly important to global 
energy security, is not structured to achieve that end.

Another important difference between Saudi oil pro-
duction and that in the United States is the very low 
cost of producing Saudi oil. The actual costs are a 
close-kept secret, but we know that they are among 
the world’s lowest. In a world where oil demand is 
likely to plateau and fall over the coming decades, 



the Saudi oil industry is likely to remain profitable 
through the end of the oil era. The U.S. oil industry 
has achieved declining production costs through 
relentless competition and the discipline of lower 
prices. But the shale oil resources that have fueled the 
U.S. production boom are inherently more expensive 
to produce than those in Saudi Arabia.

How will the Saudis play in the new oil 
world?

Although the United States has become an indis-
pensable source of oil and gas production, Saudi 
Aramco will continue to play a unique role in global 

oil markets, owing to its immense size and influence 
and its low production costs.

An interesting question to watch over the coming 
years will be how Saudi Aramco reacts to the com-
bination of abundant supply and an end to demand 
growth that, although it may be many years away, 
is inexorably approaching. To date, the Saudis have 
focused on managing prices and ensuring that their 
reserves last well into the future. But with a potential 
end to demand growth, will they change their strat-
egy to compete more strongly in the market on price, 
acting more like the American producers? Only time 
will tell.

Is the United States the new Saudi Arabia?             33





Energy innovation matters hugely to America’s 
future. The reason: Energy innovation rep-
resents a gargantuan  $1.4 trillion global busi-

ness opportunity, with more up-side on the way.

The bottom line: Low-carbon technology holds 
great potential to spark high-quality growth in U.S. 
regions, support the manufacturing sector, and im-
prove the trade balance.

And yet, there is a problem. At just the moment 
when the U.S. clean energy innovation enterprise 

may be hitting a flat spot, the Trump administra-
tion has proposed draconian federal budget cuts that 
raise new concerns about the future of the nation’s 
commitment to low-carbon economic development.

Which is why—as Congress turns to shaping the 
2018 budget—it is worth assessing the status of the 
U.S. cleantech innovation enterprise, both nationally 
and regionally, as it is unfolding across 14 technology 
areas and the nation’s diverse metropolitan areas.

To that end, this first brief of two on cleantech inno-
vation—a forthcoming analysis will examine venture 
capital (VC) dynamics—looks at technology pat-
enting activity as a key indicator for monitoring the 
development of new technologies, as represented by 
the volume and topics of new patents resulting from 
public and private funded research.

What do these data show? Overall, the data show that 
even as cleantech patenting has grown over the years, 
serious concerns remain about the competitiveness 
of the U.S. cleantech innovation scene. At the same 
time, while much of America’s patenting takes place 
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in relatively few large metropolitan areas, significant 
cleantech innovation activity extends into all regions 
of the country. That breadth underscores both the 
relevance and potential of low carbon innovation.

Taken together, the findings of this brief provide a 
mixed picture of U.S. cleantech innovation that runs 
as follows:

�� U.S. cleantech patenting has grown signifi-
cantly since 2001, outpacing growth in all 
U.S. patents, but may now be flagging. Since 
2001, the total number of granted patents in 
the cleantech sector has more than doubled—
from a little less than 15,000 cleantech patents 
granted in 2001 to approximately 32,000 in 2016. 
With that said, the number of cleantech patents 
granted in the country has declined by 9 percent 
between 2014 and 2016.

�� Cleantech patenting is concentrated in rel-
atively few technology categories. Overall, a 
total of 186,500 patents have been granted in the 
United States since 2011 across 14 cleantech cate-
gories. Of this activity, advanced green materials, 
energy efficiency, and transportation each ac-
counted for fully 18 percent of the total patenting, 

while energy storage accounted for another 15 
percent. In contrast, drastically fewer patents are 
being granted in other cleantech areas such as 
geothermal energy, hydro & marine power, and 
nuclear generation.

�� U.S. cleantech patenting is both concentrated 
in large metropolitan areas and widely dis-
tributed across diverse regions of the country. 
Cleantech patenting, in terms of absolute patent 
issuance, is highly concentrated in a relatively 
small number of larger metropolitan areas. 10 
metro areas ranging from Boston and Detroit 
to Houston, Minneapolis, San Francisco, 
and San Jose accounted for 38 percent of the 
cleantech patents developed by U.S. inventors 
since 2011, while 20 metro areas accounted for 
52 percent. And yet, the patent data make clear 
that cleantech innovation is also widely distrib-
uted across diverse regions of the country—in 
red and blue states, and in big and small metros 
such as Ann Arbor, Boise City, Columbus, IN, 
Greenville, and Knoxville.

�� The nation’s metro areas, both big and small, 
display distinctive profiles in cleantech pat-
enting. The nation’s most inventive low-carbon 

Figure 1. After years of growth the number of cleantech patents granted by TSPTO has declined since 2014



energy patenting metros vary in their special-
izations, meaning that varied regions with dis-
tinctive industry clusters are functioning as 
globally significant innovation hubs that con-
vene local business, academia, and government 
to drive American competitiveness. Whether it 
is large metros such as Detroit specializing in 
transportation patents and Houston in conven-
tional fuels, or smaller metros such as Ames, IA 
in bioenergy and Wilmington, NC in nuclear, 

a large number of America’s metropolitan area 
stand out as regionally differentiated platforms 
for cleantech innovation.

�� The share of U.S. cleantech patents owned by 
foreign companies has grown over the years, 
raising concerns about the global competi-
tiveness of U.S. companies. In 2001, both U.S. 
and foreign-owned companies generated about 
47 percent of cleantech patents each. By 2016, 

Figure 2. Which cleantech categories...

Figure 3. Total number of cleantech patents, 2011-2016
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51 percent of all cleantech patents were owned 
by large foreign multinationals, while only 39 
percent were generated by U.S. companies. This 
trend reflects the globalization of cleantech in-
dustries, particularly in developed and devel-
oping Asian economies urgent about reducing 
carbon emissions and cornering growing mar-
kets for cleantech.

Given the size of the global clean energy economic 
opportunity, the United States can ill afford to relin-
quish its lead on innovation in the burgeoning global 
cleantech market to China or other countries. For 
that reason, Congress should set aside the skinny 
budget and draw on years of bipartisan support for 
energy innovation to coalesce around a core list of 
minimum viable supports for low-carbon inno-
vation and growth. Most crucial will be provisions 

to maintain clean energy R&D appropriations at 
viable levels; maximize the impact of the nation’s 17 
national energy laboratories; and preserve the Ad-
vanced Research Projects Agency (ARPA-E) while 
maintaining and scaling up the nation’s energy in-
novation hubs and institutes. For their part, states 
and regions can and must step up to invest more ro-
bustly on their own in low-carbon innovation, just 
as must the private sector, which must argue more 
forcefully for essential federal supports even as it 
moves to shoulder more of the burden itself.

In sum, Congress as well as the private sector and 
states and regions stand at a critical juncture this 
spring. With the economic potential of cleantech 
innovation widely acknowledged, the question has 
become: Will the U.S. compete?
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