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Reminder: Cost incidence

Figure 1: Carbon pricing increases costs of the dirty technology,

subsidies make the clean technology cheaper.
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Simple model for evaluating policies

• CR(QR) cost of renewable energy QR

• CF (QF ) cost of fossil energy QF

• C (Q) total cost Q = QF +QR

C (Q) = min
QR ,QF

{CR(QR) + CF (QF ) : Q = QF +QR}

• U ′(Q) = P(Q) market price: marginal valuation equals price

→ demand curve!

Absence of regulations: P(Q) = C ′(Q) = C ′R(QR) = C ′F (QF )

• Both technologies contribute up to the point where the

marginal costs are equal.

• Consumer price incentivizes productions from the two sources.

See the lecture notes providing details on this model.
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A policy: limit for QF for fossil energy

If the target is binding, then QF = QF . The total cost increases:

• C ′(QR) 6= C ′(QF ), marginal costs no longer equalized

• C ′(QR)− C ′(QF ) = λ > 0, ”the price” of the target

• in equilibrium, C ′(QR) = P(Q) = C ′(QF ) + λ

Two basic ways of implementing the target:

• If quota QF is implemented through tradable rights, λ > 0

will be the market price for the right

• Or, there could be a tax on fossil fuel energy at level λ > 0
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Does the evidence support the theory?

Question of pass-through

• In the stylized model above, the cost pass-through of carbon

pricing is complete.

• The result relies on the assumption of price-taking and only

one technology being affected.

• How about a real-world case? → Empirical question!
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Illustration: Pass-through in the German electricity market

Figure 2: Pass-through under different market structures. The

pass-through rate can be 1, below 1 or above 1!

Source: Hintermann, 2016.
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Illustration: Pass-through in the German electricity market

Figure 3: Merit order and residual demand in German power market on

June 16, 2010 (left) and January 16, 2013 (right).

Source: Hintermann, 2016.
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Illustration: Pass-through in the German electricity market

Figure 4: Estimates for the pass-through rates: Here on average

complete pass-through, but by no means settled question on electricity or

other markets.

Source: Hintermann, 2016.
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Reminder: Cost incidence

Figure 5: Carbon pricing increases costs of the dirty technology,

subsidies make the clean technology cheaper.
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What about subsidies?

With feed-in-tariff the renewable producers receive a guaranteed

price, independent of the market price. In our simple model:

• p, output price for each renewable producer.

• In equilibrium: C ′R(QR) = p, and P = C ′F (QF )

Since F receives the final price, it is not paying the proper cost of

the policy target (λ above)

• To reach the target QF : subsidize a greater entry of R than

what would minimize the cost of the target (achieved when λ

is imposed on F).

• Technology mix is not optimal.
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Does the evidence support the theory?

Question on the impact of renewable subsidies

• In the stylized model, renewables push out the polluting

technology.

• Does that take place in the real world? → Empirical question!
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Identification strategies

Simultaneous estimation of demand and supply.
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Illustration: Impact of subsidies on the Nordic market
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Figure 6: Increase of wind power in the Nordic electricity markets: Until

now, investments to wind supported by subsidies.

Source: Liski and Vehviläinen, 2020.
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Illustration: Impact of subsidies on the Nordic market
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Figure 7: Identification of a causal effect? We use the exogenous

variation in hydro availability to identify the supply curve.

Source: Liski and Vehviläinen, 2020. Figure actually shows thermal supply, but it is the reverse of hydro:

Qhydro +Qthermal is the margin that can adjust to demand.
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Illustration: Impact of subsidies on the Nordic market
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Figure 8: In this market, increase of wind has pushed out the more

expensive thermal units which are also the more polluting ones.

Source: Liski and Vehviläinen, 2020.
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Illustration: Impact of subsidies on the Nordic market

Table 1: Annual prices and expenditures

Share Price, e/MWh Expenditure, Me/a

TWh WIND of demand Low Mean High Low Mean High

0 0.00 % 30.62 41.30 55.71 11, 966 16, 143 21, 779

10 2.50 % 26.96 36.31 48.89 10, 497 14, 135 19, 036

20 5.00 % 23.73 31.95 43.01 9, 202 12, 388 16, 679

30 7.50 % 20.87 28.13 37.91 8, 061 10, 866 14, 644

40 10.00 % 18.35 24.79 33.49 7, 060 9, 537 12, 886

50 12.50 % 16.13 21.86 29.64 6, 177 8, 378 11, 362

Subsidies that increased wind have pushed the prices down by almost

half. Consumer gain is larger than the paid subsidies!

Source: Liski and Vehviläinen, 2020.

15



Externalities of subsidies

Figure 9: Three characteristics of VRE: temporal variability, uncertainty,

and locational specificity cause costs on the power system level.

Source: Hirth et al. 2015.
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Temporal variability

Figure 10: The “duck” curve in Califonia.

Source: Borenstein and Bushnell, 2015.
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Temporal variability

Figure 11: Wind and demand profiles in the Nordic market.

Source: Liski and Vehviläinen, 2020.
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So why are subsidies used?

• Countries have political renewable targets

- For example, all EU countries in the 20-20-20 package.

• Can reduce existing rents in the market

- Cost incidence argument.

- Works against carbon leakage.

• Reducing investor risks

- Society can cover a greater share of the risk of entry.

• Technology spillovers

- Incentives to develop particular technologies.
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