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Outcompeting coal

More gas coincides with less coal (Acemoglu et al, 2023):
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... or renewables

More gas also coincides with less renewables (Acemoglu et al, 2023):

Harstad | Holtsmark (Stanford U | U of Oslo) The Gas Trap 2024 3 / 16



Supply-side Environmental policy
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Supply-side Environmental policy

Demand-side environmental policies could regulate end-of-pipe
emission.

Unfortunately, the world has not succeeded in introducing suffi ciently
ambitious demand-side policies.

Supply-side environmental policy considers policies that regulate fossil
fuel supply.

The first best requires Pigou taxes on all sources.

Coal producers have strong incentives to free ride and abstain from
taxing the fossil fuel content of its extraction.

What, then, should and will gas producers do?
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Outcompeting coal vs. renewables

The larger the production of gas, the lower is the price on energy.

A low price reduces the profit and the optimal production for other
producers:

The supply of coal declines
The supply of renewables declines
Total emission can raise or fall
... depending on how much each responds to the price.

Note: the price elasticities vary with the time horizon.
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Elasticities and time

Coal: The sector is old and will be declining

The capacity constraint will not necessarily be binding
Supply can respond relatively quickly

Renewables: Up-and-coming

The stock of windmills/panels/technologies constraints production in
the short term
Supply requires additional investments
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A simple model

Assume:

1 The coal supply at time t, xCt , is determined at t − ∆C , renewables is
limited by the stock, xRt , determined at t − ∆R , with ∆R > ∆C .

Thus: Coal is more elastic than renewables in the short term.

2 Renewables is more elastic than coal in the long term:

While the costs of supplying fossil fuels are increasing and convex, the
marginal cost of increasing the renewables stock is, simply, kR > 0.

3 All these suppliers are price taking, and

xCt + x
G
t + x

R
t = D (pt ) .

4 Gas is in-between, with carbon emission intensity eG ∈
(
0, eC

)
.

5 Gas coalition M sets quotas or production tax τG to maximize:

ptxGt − h (Et ) , where Et = eC xCt + eG xGt .
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h’

τG

h'

Et

Proposition 0: First best is implemented by Pigou: τG = eGh′ and τC = eCh′. 
The larger is h′, the larger are τG and xR and the smaller are xG and E. 

eGh’

FB

First Best



h’

τG

h'

Et

Proposition 1: M prefers to commit to τG = eGh′ , but τC = 0. 
The larger is h′, the larger are τG and xR and the smaller are xG and E. 

eGh’

FB
SB

Second Best (Commitment)



h’

τG

h'

Et

Proposition 2: Suppose M cannot commit and eG/eC < S′/(S′-D′). 
The larger is h′, the smaller is τG and xR and the larger are xG and E. 

eGh’

FB
SB

Without 
commitment

Equilibrium (without commitment)
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D(pt)

pt

D(pt)

pt

Short term: Stock of renewables is given, 
so more gas crowds out coal. 

Long term: More gas crowds out renewables, 
not coal. 

SC(pt)

kR

Intuition



Empirically relevant? For Europe?

Electricity sources % e j εjST εjLT
Coal 17.1 1.0 2.4 2.4
Gas —pipes 16.7 0.5 0.2 0.5
Gas —LNG 4.2 1.3 2.0 2.0
Oil 1.5 0.8 0.3 1.0
Renewables 34.8 0.0 0.0 3.0
Nuclear 18.7 0.0 0.0 3.0

Estimates for the price elasticity εj vary with the time horizon.

1 More gas reduced emission — in the short term only:

∂E/∂xG |ST= −0.24 vs. ∂E/∂xG |LT= 0.37.
2 If Norway’s SCC:107→240€/t, its gas supply should decrease 17%.
3 Without commitment, it increases 8%. Total emission changes by
the same (relative to emission from Norway’s gas).

4 Noncommitment causes 18-43% more gas and, thus, emission.
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Generalizations strengthen the results

1 There can be non-cooperating gas producers and cooperating coal
producers.

2 Countries and the coalition can produce multiple types of fuels, and
emission contents can vary.

3 There can be many periods
4 Parameters can vary over time
5 With learning by doing in kR , M would like to commit to lower xG ,
but the non-commitment outcome is unchanged.

6 With exhaustible resources, M may deplete faster, as a commitment
to reduce xGt+1.
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The gas trap: Implications

It is reasonable to consider ∆C < ∆R .

Commit? τG ↑, xR ↑, E ↓ (Second best!)
Cannot? τG ↓, xR ↓, E ↑ (Counterproductive!)

1 Direct investments in renewables helps to commit.
2 Search and exploration for new fields should be taxed.
3 A formal supply-side treaty may be necessary for credibility.
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Policy Implications
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Policy Implication 1: Tax search and exploration

The cost of xGt+1, k
G
t+1

(
xGt+1, s

G
t

)
, is influenced by

search-and-exploration activity, sGt .

1 The first best is implemented with Pigou taxes on xCt and x
G
t , and

zero taxes on sGt .
2 The second best is implemented with Pigou taxes on xGt , and zero
taxes on sGt .

3 If M cannot commit, the equilibrium will be τG < eG h′. So, to
partially commit to a smaller xGt+1, M will find it optimal to tax sGt :

τS =
(
eG h′ − τG

) kG12
kG11

Harstad | Holtsmark (Stanford U | U of Oslo) The Gas Trap 2024 13 / 16



Policy Implication 1: Tax search and exploration

The cost of xGt+1, k
G
t+1

(
xGt+1, s

G
t

)
, is influenced by

search-and-exploration activity, sGt .

1 The first best is implemented with Pigou taxes on xCt and x
G
t , and

zero taxes on sGt .

2 The second best is implemented with Pigou taxes on xGt , and zero
taxes on sGt .

3 If M cannot commit, the equilibrium will be τG < eG h′. So, to
partially commit to a smaller xGt+1, M will find it optimal to tax sGt :

τS =
(
eG h′ − τG

) kG12
kG11

Harstad | Holtsmark (Stanford U | U of Oslo) The Gas Trap 2024 13 / 16



Policy Implication 1: Tax search and exploration

The cost of xGt+1, k
G
t+1

(
xGt+1, s

G
t

)
, is influenced by

search-and-exploration activity, sGt .

1 The first best is implemented with Pigou taxes on xCt and x
G
t , and

zero taxes on sGt .
2 The second best is implemented with Pigou taxes on xGt , and zero
taxes on sGt .

3 If M cannot commit, the equilibrium will be τG < eG h′. So, to
partially commit to a smaller xGt+1, M will find it optimal to tax sGt :

τS =
(
eG h′ − τG

) kG12
kG11

Harstad | Holtsmark (Stanford U | U of Oslo) The Gas Trap 2024 13 / 16



Policy Implication 1: Tax search and exploration

The cost of xGt+1, k
G
t+1

(
xGt+1, s

G
t

)
, is influenced by

search-and-exploration activity, sGt .

1 The first best is implemented with Pigou taxes on xCt and x
G
t , and

zero taxes on sGt .
2 The second best is implemented with Pigou taxes on xGt , and zero
taxes on sGt .

3 If M cannot commit, the equilibrium will be τG < eG h′. So, to
partially commit to a smaller xGt+1, M will find it optimal to tax sGt :

τS =
(
eG h′ − τG

) kG12
kG11
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Policy Implication 2: Invest in Renewables

Suppose M can invest in renewables before t − ∆R , so that
xRt = x

M ,R
t + x∼M ,Rt .

With revenue ptx
M ,R
t , M benefits more from a large pt , and will be

less tempted to increase xGt by reducing τG .

Consequently, the total xRt will increase if M invests more in
renewables.

With enough xM ,Rt , M will find it optimal with τG = aEMH ′, even
without commitment.

This does not implement the second best if M’s cost is larger than kR .
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Policy Implication 3: Supply-side agreements

An international agreement (/treaty) among multiple producers can
help them to commit to future taxes.

If this coalition also includes coal producers, the temptation to reduce
the future price is limited.
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The gas trap: Implications

It is reasonable to consider ∆C < ∆R .
Commit? τG ↑, xR ↑, E ↓ (Second best!)
Cannot? τG ↓, xR ↓, E ↑ (Counterproductive!)

1 Direct investments in renewables helps to commit.
2 Search and exploration for new fields should be taxed.
3 A formal supply-side treaty may be necessary for credibility.
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