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Core research question
▶ How do we identify and trigger sensitive intervention

points to rapidly transition to a post-carbon society?

*Anderson and Peters (2016). The trouble with negative emissions,
Science, 354(6309), 182-83.
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Motivation
▶ "Reports of coal's terminal decline may be exaggerated"

(Edenhofer et
al. 2018).
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Motivation, continued
▶ "Negative emissions technologies" (NETs) have not been

proven at scale and may be cost-prohibitive (Fuss et
al.
2014; Anderson and Peters 2016; Larkin et
al. 2017;
Hepburn et
al. 2017).

▶ CCS: costs of $30-200/tCO2 captured
▶ Bioenergy with CCS: potential scale of 1-3 billion tonne

CO2 sequestered p.a., at cost of $150-250/tCO2 (low
confidence)

▶ Afforestation/reforestation: scale of 2.5-3.5 billion tonne
CO2 p.a., at cost of -$150-$150/tCO2 sequestered
(medium to high confidence)

▶ Synthetic fuels: 0.5-7 billion tonne CO2 p.a. scale, at
$430-$640/tCO2 (medium confidence)

▶ CO2 ambient air capture: $250-600/tCO2 (low confidence)

4



Motivation, continued
▶ "Negative emissions technologies" (NETs) have not been

proven at scale and may be cost-prohibitive (Fuss et
al.
2014; Anderson and Peters 2016; Larkin et
al. 2017;
Hepburn et
al. 2017).

▶ CCS: costs of $30-200/tCO2 captured

▶ Bioenergy with CCS: potential scale of 1-3 billion tonne
CO2 sequestered p.a., at cost of $150-250/tCO2 (low
confidence)

▶ Afforestation/reforestation: scale of 2.5-3.5 billion tonne
CO2 p.a., at cost of -$150-$150/tCO2 sequestered
(medium to high confidence)

▶ Synthetic fuels: 0.5-7 billion tonne CO2 p.a. scale, at
$430-$640/tCO2 (medium confidence)

▶ CO2 ambient air capture: $250-600/tCO2 (low confidence)

4



Motivation, continued
▶ "Negative emissions technologies" (NETs) have not been

proven at scale and may be cost-prohibitive (Fuss et
al.
2014; Anderson and Peters 2016; Larkin et
al. 2017;
Hepburn et
al. 2017).

▶ CCS: costs of $30-200/tCO2 captured
▶ Bioenergy with CCS: potential scale of 1-3 billion tonne

CO2 sequestered p.a., at cost of $150-250/tCO2 (low
confidence)

▶ Afforestation/reforestation: scale of 2.5-3.5 billion tonne
CO2 p.a., at cost of -$150-$150/tCO2 sequestered
(medium to high confidence)

▶ Synthetic fuels: 0.5-7 billion tonne CO2 p.a. scale, at
$430-$640/tCO2 (medium confidence)

▶ CO2 ambient air capture: $250-600/tCO2 (low confidence)

4



Motivation, continued
▶ "Negative emissions technologies" (NETs) have not been

proven at scale and may be cost-prohibitive (Fuss et
al.
2014; Anderson and Peters 2016; Larkin et
al. 2017;
Hepburn et
al. 2017).

▶ CCS: costs of $30-200/tCO2 captured
▶ Bioenergy with CCS: potential scale of 1-3 billion tonne

CO2 sequestered p.a., at cost of $150-250/tCO2 (low
confidence)

▶ Afforestation/reforestation: scale of 2.5-3.5 billion tonne
CO2 p.a., at cost of -$150-$150/tCO2 sequestered
(medium to high confidence)

▶ Synthetic fuels: 0.5-7 billion tonne CO2 p.a. scale, at
$430-$640/tCO2 (medium confidence)

▶ CO2 ambient air capture: $250-600/tCO2 (low confidence)

4



Motivation, continued
▶ "Negative emissions technologies" (NETs) have not been

proven at scale and may be cost-prohibitive (Fuss et
al.
2014; Anderson and Peters 2016; Larkin et
al. 2017;
Hepburn et
al. 2017).

▶ CCS: costs of $30-200/tCO2 captured
▶ Bioenergy with CCS: potential scale of 1-3 billion tonne

CO2 sequestered p.a., at cost of $150-250/tCO2 (low
confidence)

▶ Afforestation/reforestation: scale of 2.5-3.5 billion tonne
CO2 p.a., at cost of -$150-$150/tCO2 sequestered
(medium to high confidence)

▶ Synthetic fuels: 0.5-7 billion tonne CO2 p.a. scale, at
$430-$640/tCO2 (medium confidence)

▶ CO2 ambient air capture: $250-600/tCO2 (low confidence)

4



Motivation, continued
▶ "Negative emissions technologies" (NETs) have not been

proven at scale and may be cost-prohibitive (Fuss et
al.
2014; Anderson and Peters 2016; Larkin et
al. 2017;
Hepburn et
al. 2017).

▶ CCS: costs of $30-200/tCO2 captured
▶ Bioenergy with CCS: potential scale of 1-3 billion tonne

CO2 sequestered p.a., at cost of $150-250/tCO2 (low
confidence)

▶ Afforestation/reforestation: scale of 2.5-3.5 billion tonne
CO2 p.a., at cost of -$150-$150/tCO2 sequestered
(medium to high confidence)

▶ Synthetic fuels: 0.5-7 billion tonne CO2 p.a. scale, at
$430-$640/tCO2 (medium confidence)

▶ CO2 ambient air capture: $250-600/tCO2 (low confidence)

4



Motivation, continued
▶ Carbon prices are generally still too low to elicit significant

emissions reductions (Dolphin 2016; Rafaty and Dolphin
2018, in prog.).
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Motivation, continued
▶ Political distrust and perceptions of corruption have

weakened climate policies (Rafaty 2018). The only states
with carbon prices >$40/tCO2 are high-trust,
low-corruption (Klenert et
al. 2018).

6



Motivation, continued
▶ Energy system adjustments on this scale typically take

30-40 years, implying that price or regulatory "shocks"
need to drive investments sooner than later (Grubb et
al.
2018).
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Quadrants of demand and supply side policies
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Motivation, continued
▶ Policies targeting GHG supply have been largely

neglected, partly for political and ideological reasons.

▶ ...But not by the fossil fuel industry.
▶ Land use policies remain in a 19th century legal

framework, during heyday of fossil-based industrialism.
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Keep it in the ground?
▶ A new generation of climate policy research:

– "Would constraining US fossil fuel production affect global CO2

emissions? A case study of US leasing policy" (Erickson and
Lazarus 2018).

– "Closing coal: Economic and moral incentives" (Collier and
Venables 2014).

– "The impact of removing tax preferences for U.S. oil and gas
production" (Metcalf 2016).

– "Coal taxes as supply-side climate policy: a rationale for major
exporters?" (Richter et
al. 2018).

– "Climate policies in a fossil fuel producing country: Demand
versus supply side policies" (Faehn et
al. 2017).

– California Air Resources Board has resolved to study "supply
side" climate policy --- i.e. could limiting oil production help the
state reduce GHG emissions?
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Examples in classical economics
J.S. Mill, Principles
of
Political
Economy (1848):
"[i]s there not the earth itself, its forests and waters, and all
other natural riches, above and below the surface? These are
the inheritance of the human race, and there must be
regulations for the common enjoyment of it. What rights, and
under what conditions, a person shall be allowed to exercise
over any portion of this common inheritance cannot be left
undecided. No function of government is less optional than the
regulation of these things, or more completely involved in the
idea of civilized society."

A.C. Pigou, The
Economics
of
Welfare (1920):
Pigou was not just in favor of "corrective" taxation of
externalities (e.g. pollution). He also said outright prohibition of
the production or consumption of some items might
sometimes be in order, especially under non-competitive
conditions.
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Legal basis
▶ Most fossil fuel is on public lands owned by governments,

who grant leases or permits for exploration and extraction
rights to companies who pay royalties.

▶ Leases are based on private law and contracts; Permits
are based on public law and administrative powers.

▶ It is legally permissible to refrain from granting new leases,
to renegotiate the terms of existing ones, and even to
expropriate existing leases. Permits can be revoked.

▶ Ministers of the Interior/Public Lands retain this power.

▶ Could also be initiated through litigation introduced by
citizens, if the state has broken a law or if the citizen is
personally harmed.
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Legal basis
Justice Brandeis, dissenting opinion in Pennsylvania Coal
Company v. Mahon, 260 US 393 (1922):
"Coal in place is land; and the right of the owner to use his
land is not absolute. He may not so use it as to create a public
nuisance; and uses, once harmless, may, owing to changed
conditions, seriously threaten the public welfare. Whenever
they do, the legislature has power to prohibit such uses without
paying compensation; and the power to prohibit extends alike
to the manner, the character and the purpose of the use."

▶ "Public Trust" doctrine (Sax 1969; Wood 2013).

▶ Eminent domain powers of the state ("expropriation" law
in Europe).
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Main counterargument
▶ "Perfect substitution" theory

– "A perfect substitute for fossil fuel is not in sight, and in the
absence of such a substitute a policy of sealing off carbon
deposits cannot be recommended from a welfare perspective"
(Sinn 2012).

– Oil demand is very price inelastic in the absence of substitutes.
Coal and natural gas demand are relatively more price elastic.

– Supply reduced in one place will be replaced by increased supply
from elsewhere.

– Cross-border carbon leakage

– Thus, emissions reduction potential is dubious.

– "You're just handing more of the market to OPEC and Russia".

14



Main counterargument
▶ "Perfect substitution" theory

– "A perfect substitute for fossil fuel is not in sight, and in the
absence of such a substitute a policy of sealing off carbon
deposits cannot be recommended from a welfare perspective"
(Sinn 2012).

– Oil demand is very price inelastic in the absence of substitutes.
Coal and natural gas demand are relatively more price elastic.

– Supply reduced in one place will be replaced by increased supply
from elsewhere.

– Cross-border carbon leakage

– Thus, emissions reduction potential is dubious.

– "You're just handing more of the market to OPEC and Russia".

14



Main counterargument
▶ "Perfect substitution" theory

– "A perfect substitute for fossil fuel is not in sight, and in the
absence of such a substitute a policy of sealing off carbon
deposits cannot be recommended from a welfare perspective"
(Sinn 2012).

– Oil demand is very price inelastic in the absence of substitutes.
Coal and natural gas demand are relatively more price elastic.

– Supply reduced in one place will be replaced by increased supply
from elsewhere.

– Cross-border carbon leakage

– Thus, emissions reduction potential is dubious.

– "You're just handing more of the market to OPEC and Russia".

14



Main counterargument
▶ "Perfect substitution" theory

– "A perfect substitute for fossil fuel is not in sight, and in the
absence of such a substitute a policy of sealing off carbon
deposits cannot be recommended from a welfare perspective"
(Sinn 2012).

– Oil demand is very price inelastic in the absence of substitutes.
Coal and natural gas demand are relatively more price elastic.

– Supply reduced in one place will be replaced by increased supply
from elsewhere.

– Cross-border carbon leakage

– Thus, emissions reduction potential is dubious.

– "You're just handing more of the market to OPEC and Russia".

14



Main counterargument
▶ "Perfect substitution" theory

– "A perfect substitute for fossil fuel is not in sight, and in the
absence of such a substitute a policy of sealing off carbon
deposits cannot be recommended from a welfare perspective"
(Sinn 2012).

– Oil demand is very price inelastic in the absence of substitutes.
Coal and natural gas demand are relatively more price elastic.

– Supply reduced in one place will be replaced by increased supply
from elsewhere.

– Cross-border carbon leakage

– Thus, emissions reduction potential is dubious.

– "You're just handing more of the market to OPEC and Russia".

14



Main counterargument
▶ "Perfect substitution" theory

– "A perfect substitute for fossil fuel is not in sight, and in the
absence of such a substitute a policy of sealing off carbon
deposits cannot be recommended from a welfare perspective"
(Sinn 2012).

– Oil demand is very price inelastic in the absence of substitutes.
Coal and natural gas demand are relatively more price elastic.

– Supply reduced in one place will be replaced by increased supply
from elsewhere.

– Cross-border carbon leakage

– Thus, emissions reduction potential is dubious.

– "You're just handing more of the market to OPEC and Russia".

14



Main counterargument
▶ "Perfect substitution" theory

– "A perfect substitute for fossil fuel is not in sight, and in the
absence of such a substitute a policy of sealing off carbon
deposits cannot be recommended from a welfare perspective"
(Sinn 2012).

– Oil demand is very price inelastic in the absence of substitutes.
Coal and natural gas demand are relatively more price elastic.

– Supply reduced in one place will be replaced by increased supply
from elsewhere.

– Cross-border carbon leakage

– Thus, emissions reduction potential is dubious.

– "You're just handing more of the market to OPEC and Russia".

14



...But what if substitution is "imperfect"?
▶ Erickson and Lazarus (2018): ending all new federal fossil

fuel leases in U.S. abates around 300 million tonnes CO2.
Coal & oil only partially substituted by equivalent sources.

▶ Rafaty et
al. (2019, in prog.): revoking just 6 leases
granted to Imperial Oil and Exxon in Alberta's oil sands
could avoid >1 billion tonnes CO2.

▶ Factors contributing to imperfect substitution: varying
extraction costs, distribution costs, fluctuating global oil
and coal prices, declining costs of substitutes.

▶ Companies are reducing extraction costs to unlock as-yet
"unproven" reserves.

▶ Those reserves could be preemptively removed from the
leasing and permitting auctions.

▶ So, constraining supply doesn't necessarily just hand
more of the market to OPEC and Russia.
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Fossil fuel companies already recognize the risks

ExxonMobil, 10K Report (2016):
"Lack of legal certainty exposes our operations to increased
risk of adverse or unpredictable actions by government
officials, and also makes it more difficult for us to enforce our
contracts." Risks include "government actions to cancel
contracts, re-denominate the official currency, renounce or
default on obligations, renegotiate terms unilaterally, or
expropriate assets. Legal remedies available to compensate
us for expropriation or other takings may be inadequate."

16



Fossil fuel companies already recognize the risks

Peabody Energy, 10K Report (2015):
"We are exposed to various political risks, including political
instability, the potential for expropriation of assets, costs
associated with the repatriation of earnings and the potential
for unexpected changes in regulatory requirements. Despite
our efforts to mitigate these risks, our results of operations,
financial position or cash flow could be adversely affected by
these activities."
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Selected recent legal cases
▶ League of Conservation Voters v. Trump (2017)

– Challenge to executive order reversing President Obama’s
withdrawal of lands in the Atlantic and Arctic Oceans from future
oil and gas leasing.

▶ Xstrata Coal Queensland Pty. Ltd. and Others v. Friends
of the Earth (2012, dismissed)

Challenge to approval for the coal mine on the basis that the
emissions from the use of the coal would contribute to climate
change.

▶ Pembina Institute v. Attorney General of Canada and
Imperial Oil (2008, successful)

– Several non-profit organizations challenged the panel’s approval
of the project, alleging that it had failed to seriously consider the
climate change impacts of the project.

18
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Is it wise from a political economy perspective?
▶ Strong environmental movement support for the concept.

▶ Low salience issue for media and most voters (i.e. less
vulnerable to public backlash than carbon pricing).

▶ Less adversarial and punitive than litigation based on
recouping money for climate damages (e.g. New York and
California cases). Actually aims at reducing emissions.

▶ Could scare away carbon investors, further propelling
divestment.

▶ Relatively easy to pull off politically, administratively, or
judicially, if there is political will.

▶ But may still be deemed heavy-handed by industry, and
could have electoral consequences.

▶ Vulnerable to backsliding (e.g. transition from Obama to
Trump).

▶ Companies will still seek extraction rights elsewhere in
less politically stable countries.
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Themes for further research
▶ Identifying the highest-impact sensitive intervention points

(e.g. tar sands and forests) in countries with favorable
political conditions.

▶ Timing matters: is there an optimal political strategy? (e.g.
start with coal and possibly natural gas, move to oil later
when low-carbon fuel substitutes are available and
demand is more price elastic).

▶ Modeling supply-side carbon leakage (very difficult task
ex ante).

▶ How to align demand and supply side policies to ensure
cohesion and maximize effectiveness, given partisan
swings in government?
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From mines to UNESCO World Heritage Sites?

"It was like lying in a great solemn cathedral, far vaster and
more beautiful than any built by the hand of man." - Theodore
Roosevelt, after visiting Yosemite National Park, one of the
many public lands he helped preserve.
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