


Carbon emissions and the extraction of fossil fuels

Carbon extracted and burnt:

e gives added CO; in the atmosphere (ignoring CCS)
@ about 45% of the added CO, remains in the atmosphere after 100
years

@ about 25% of the added CO; remains in the atmosphere after 300
years

@ these remaining 25% stay in the atmosphere "for ever"
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Carbon emissions and the extraction of fossil fuels

Carbon extracted and burnt:

e gives added CO; in the atmosphere (ignoring CCS)

@ about 45% of the added CO, remains in the atmosphere after 100
years

@ about 25% of the added CO; remains in the atmosphere after 300
years

@ these remaining 25% stay in the atmosphere "for ever"

The long-run level of CO, in the atmosphere thus only depends on the
total amount of carbon extracted

But even for a given total amount of carbon extracted, the property of the
extraction path is important for the climate development
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Rapid extraction gives red development of CO; in the atmosphere
Slow extraction gives green development of CO; in the atmosphere

S(t)

5(0)

Green development gives less climate change than red development
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@ It is necessary/desirable to reduce and/or postpone carbon emissions

@ Most of the policy focus has been on international agreements aimed
directly at reducing emissions

@ Can technology development be an alternative means to achieve
reduced emissions (instead of agreements aimed directly at reducing
emissions)?

o | believe NO for several reasons

@ The present paper focuses on one such reason: The interaction with
the supply of carbon
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Main assumptions of the analysis

no agreement regulating emissions

countries have a willingness to pay (WTP) to avoid emissions
WTP varies across countries

carbon is an exhaustible resource with zero extraction costs

the carbon resource has a perfect substitue available at unit cost b

| analyze the consequences of a reduction in b

Michael Hoel (University of Oslo) Bush meets Hotelling October 2008



The formal model

For each country:

x is use of carbon

y is use of substitute

p is producer price of carbon

b is cost and price of substitute
w is WTP for avoiding emissions

F(w) is the distribution function for w defined over [0, W]
[so F(b— p) is the proportion of countries that use the carbon resource]
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The formal model

For each country:

x is use of carbon

y is use of substitute

p is producer price of carbon

b is cost and price of substitute
w is WTP for avoiding emissions

F(w) is the distribution function for w defined over [0, W]
[so F(b— p) is the proportion of countries that use the carbon resource]
Each country maximizes u(x + y) — px — by — wx

Demand for carbon:
D(p+ w) if p < b— w, zero otherwise
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Equilibrium in the market for carbon

X(p(t), b) = fobfp(t) D(p(t) +w)dF(w) aggregate demand at t

p(t) = p(0)e equilibrium producer price
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Equilibrium in the market for carbon

X(p(t), b) = fobfp(t) D(p(t) +w)dF(w) aggregate demand at t
p(t) = p(0)e equilibrium producer price

T is date when p reaches b
(G is initial amount of unextracted carbon

Equilibrium condition (determining T and thus p and X):

i X(be=r (7= b)dt =
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The effects of reduced b

Differentiating the equilibrium condition gives

4T = [positive] ' fOT [positive + negative] dt
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The effects of reduced b

Differentiating the equilibrium condition gives

4T = [positive] ' fOT [positive + negative] dt
sign of % is ambiguous
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Figure 1: The price effect of reduced b
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Figure 2: Two groups of countries
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Figure 3: Inelastic demand

X(t)
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The effects of reduced b on the extraction path

@ T can either decline or increase

@ more likely to increase

o the lower is the elasticity of demand for carbon + the substitute
o the larger is the initial quantity of unextracted carbon

@ Extraction paths for two different values of b may intersect more than
once
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Welfare effects of reduced b

Effects on aggregate social welfare:

@ Reduced path of p(t): zero

@ Reduced b: positive
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Welfare effects of reduced b

Effects on aggregate social welfare:

@ Reduced path of p(t): zero
@ Reduced b: positive
@ Change in emission path:

e positive if postponed emissions
e negative if advanced emissions
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Extension |: an imperfect substitute

Additional aggregate demand Y (p(t)) that is not replaced by substitute

New equilibrium conditions:

[+ Y (be"*=T))dt = Cr determines Ct (higher the lower is b)

W [ (be "(T=)) 4 X (be"(T~1) b)} dt = Go — Cr determines T
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The effects of reduced b with an imperfect substitute

Effect of reduced b:
o direct effect: ambiguous as before (but T down more likely?)
@ via lower (y — Cy: T down

o total effect: ambiguous as before
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Extension Il: extraction costs

Constant unit costs:

@ same results as with zero costs
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Extension Il: extraction costs

Constant unit costs:

@ same results as with zero costs

Unit costs increasing with accumulated extraction:

cA)

@ lower b implies lower total
extraction

@ total effect on climate
costs remain ambiguous
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Conclusions

@ Without an international climate agreement focusing directly on
emissions, improved renewable energy technology may have a
negative climate impact

@ The negative climate impact may be so large that it dominates the
positive welfare effects of the improved technology, so that aggregate
social welfare declines
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