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From markets to innovations

• We have already discussed how instruments that control
externalities affect market prices. . .

- The theoretical optimum (prices and quantities).

- We also covered distortions that other policies create.

• . . . and how market prices also provide long-term signals to

investors.

Final steps: Development of new technologies

1. Technologies are global, but markets local. How do the local

conditions shape the incentives for new technologies?

2. Why and how should the R&D efforts be subsidized?
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1. How the markets shape the incentives for new technologies?

Empirical question:

• Evidence: the entry of new technologies have impacted

emissions and also other, mostly economic, outcomes in

different countries and regions worldwide.

• Scattered picture of localized impacts, not yet allowing us to

draw many general lessons that have global applicability.

• How does energy transition depend on incumbent

technologies?
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Illustration: Local benefits/damages from electric vehicles

Figure 1: Second-best electric vehicle subsidy by county.

Holland et al. AER, 2016.
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Illustration: Local benefits/damages of demand response

Estimate of percentage change in emissions from shifting 1% of the

average load from the highest-load day to the lowest-load day.

Source: Holland and Mansur, ReStat, 2008.
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Illustration: Effects of energy efficiency and renewables

Marginal emission displacement rates.

Source: Callaway, Fowlie, McCormick, JAERE, 2018.
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Illustration: Regional benefits from wind

    0

1,000

2,000

3,000

     0

20,000

40,000

60,000

1 2 3 4 5 6 7 8 9 10 11 12

W
in

d 
(M

W
h/

h)

D
em

and (M
W

h/h)

Figure 2: Wind vs. demand, Texas (left panel) vs. Nordic (right panel).

Texas from Cullen, AEJ Policy 2013.
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2. Why and how should the R&D efforts be subsidized?

• Markets can only adopt technologies that are available.

• If left to the market, there is too little R&D.

• If left to the market, private R&D efforts are directed to areas

where the payoffs are the greatest.
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Too little R&D

Figure 3: The costs and rents associated with innovations.

Source: CORE.
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Illustration: Change of fortunes for PV manufacturers

Figure 4: Global shares of PV production.

Source: Quitzow, 2015.
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2. Why and how should the R&D efforts be subsidized?

Simple model to illustrate the dynamics:

• Two sector model with “clean” and “dirty” inputs with two
key externalities:

1. Environmental externality: production of dirty inputs creates

environmental damages.

2. Knowledge externality: advances in dirty (clean) inputs make

their future use more profitable.

• Policy interventions can redirect technological change towards

clean technologies.

Source: Acemoglu.
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2. Why and how should the R&D efforts be subsidized?

• Without intervention, innovations more in dirty technologies.
• With R&D intervention, possible to push clean technologies to

the front (e.g. wind, solar).
- Changes the direction of private innovation later.

• Optimal to use a combination of two instruments:
- Carbon tax, as before.

- Subsidy to clean R&D.

• Intuition:
- Carbon tax generates static distortion: Leads to reallocation

into less productive technology → Loss of current

consumption.

- R&D subsidy generates dynamic distortion: innovate without

any growth for a while until clean takes over.

Source: Acemoglu.
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Illustration: Impact of shale gas boom on R&D

Figure 5: Increasing in shale gas production in the U.S.

Source: Acemoglu et al., 2019. 12



Illustration: Impact of shale gas boom on R&D

Figure 6: Reduction in the share of renewable patents.

Source: Acemoglu et al., 2019.

13



Final reminder.

Figure 7: Global investments still favor fossil fuels.

Figure: Climate Policy Initiative.
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Role innovations in optimal policies

• How to reduce damages from externalities?

- This is instrument choice question: prices or quantities or both

• Internalizing the externality to the market causes the market
equilibrium to adjust:

1. Allocation with current assets will change: Both firms and

consumers can adjust.

2. Changes in prices direct investments, will change asset base.

3. Innovations will shape the available investments.

• Optimal policies take in to account all the steps.
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Final final reminder.

Figure 8: Cost predictions from one source.

Figure: IRENA.
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