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Climate Change is underway

Fig. 1  Changes in global surface temperature relative to 1850—1900
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Notes: Change in global surface temperature (decadal average) as reconstructed (1-2000) and observed (1850—-2020)

Source: IPCC report



CO2 emissions have increased dramatically

Annual CO2 emissions from fossil fuels, by world region
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Note: This measures CO2z emissions from fossil fuels and cement production only — land use change is not included. 'Statistical differences’
(included in the GCP dataset) are not included here.



What do we need to do?

Fig.4 Global greenhouse gas emissions and warming scenarios
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Source: Our World in Data based on Climate Action Tracker



There are huge variations across countries

Per capita CO2 emissions
Carbon dioxide (COz) emissions from the burning of fossil fuels for energy and cement production. Land use
change is not included.
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Source: Our World in Data based on the Global Carbon Project OurWorldInData.org/co2-and-other-greenhouse-gas-emissions/ « CC BY



A simple decomposition

. Emissions Energy GDP .
Emissions = ———— X ——=—= X ————— X Population
Energy GDP Population
—’ ——’
Substitution Energy efficiency;

between clean Energy sobriety;
and dirty energy ~ Substitution across

sectors
. . : O . .
Carbon intensity of energy production - _ Energy intensity
Carbon intensity of energy production is measured as the quantity of carbon dioxide emitted per unit of energy in Data

Energy intensity is measured as primary energy consumption per unit of gross domestic product. This is measured

production. This is measured in kilograms of CO: per kilowatt-hour. in kilowatt-hours per 2011$ (PPP)

) 3 kWh
0.3 kg/kWh
India
- Srica 2.5 kWh
0.25 kg/kWh "‘* 3 7
/m‘V::t '\\‘-» S China
SNBSS =~ ST s World 2 kWh
0.2 kg/kWh Y « United States
Germany
United Kingdom 1.5 kWh United States
0.15 kg/kWh World
~’ e = £> France . India
e Switzerland 1kWh gr:rr:]::ny
0.1 kg/kWh United Kingdom
0.5 KWh Switzerland
0.05 kg/kWh
0 kWh
0 kg/kWh « T T T ]
1965 1980 1990 2000 2010 2019 1980 1985 1990 1995 2000 2005 2010 2016

Source: Our World in Data based on BP; World Bank; and Maddison Project Database
Source: Our World in Data based on the Global Carbon Project, BP and Shift Energy Data Portal CC OurWorldInData.org/co2-and-other-greenhouse-gas-emissions « CC BY



Taking stock

+  “Technology” in a broad sense allows to reduce CO2 emissions without large reductions in GDP:

— US emissions would fall by 70% if the US used the same technologies as France (though
the transition would be costly).

— UK emissions per capita declined by 48% between 1990 and 2019 while GDP per capita
increased by 52%.

— So far energy-saving technical change / structural transformation have done most of the
job... but to reduce emissions more, one needs to develop and adopt clean substitutes.

Is it possible to induce more green innovation?

— Look at an example in the car industry: where it is easy to identify clean alternatives to fossil
fuels exist.



Gas prices and innovation in the car industry
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* We analyze how an increase in gas prices favor clean innovation and hurts dirty innovation.
« We measure innovations using patents and classify them
« Showing a causal effect at the country level is impossible;

« So we compare how firms in the car industry behave differently over time depending on the
average gas price in the countries that they sell to.



Gas prices and innovation in the car industry
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Fig.10 Effect of a 10% increase in fuel prices
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Taking stock and next steps

* |Is it possible to induce more green innovation?

>»Yes

« What does this imply for climate policy?



Lessons from a model on climate and innovation

1st lesson: there is path dependence in innovation.

— In laissez-faire, innovation would be directed toward
dirty technologies.

2nd lesson: delaying intervention is costly.

— A larger gap between clean and dirty technologies means that
it will take more time for clean technologies to catch up.

3rd lesson: optimal policy involves both a carbon tax
and subsidies to clean research:

— Current innovation in clean technologies will be very useful in
the future.

Fig. 13 The AABH economic climate policy innovation framework
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What if only part of the world is willing to implement an
environmental policy?

« If the EU imposes a high carbon price, “carbon leakage” is an
important concern.

» Energy-intensive manufacturing may move to countries
with a lower carbon price (US, China,...).

* But what about innovation?
- 1 market for energy-intensive good in the US — 1 fossil fuel innovations in the US
« | market for energy-intensive good in Europe — | clean innovation in Europe.

« Carbon leakage is an even bigger problem.
« Consider instead a “Green industrial policy”: carbon pricing with carbon tariffs and subsidies to clean research;
* Energy-intensive industries do not move as much to the US
» Development of clean substitutes in the EU generates spillovers in the US — | in emissions in both countries.

» Carbon leakage can be reversed.



What are the implications for an
intermediate technology
(shale gas)?

U.S. Natural Gas Production
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The collapse of green innovation

Fig. 17 Spectacular reversed trend in renewable and green

patents in the US Simulation results for the US economy
0.025 -2 Panel A: Sh f sclentists | Panel B: Emissions levels,
anelfsnare:ot sceNUStS n green intensity, and energy (% change Panel C: Net output (% change)
0.02 J 2 50" JF
a l 1.5 5 —©—-emissions —*—net output
g K emiss. intensity 08+ ——net output, high damages
© 0.015 4 2 | energy consumpti ’
o e 40
ko rl = 06
S 0.01 A @ d
- 8 :
o b 301 0.4+
© 0.005 - 0> g
' © 02
0 1 - 0 2 without the boom 5 2 g
! ! ! ! 205 —*—with the boom N 5 O
1995 2000 2005 2010 2015 = =
0.4 100 -0.2
Year K
Renewable/ Green/ 0.3 o 0.4
total patents total patents 1
0.2 0.6
Renewable/ Green/ 101
fossil fuel fossil fuel 0.1 08f
electric electric
. . : » ‘
2050 2100 2150 2200 2250 2050 2100 2150 2200 2250 2050 2100 2150 2200 2250
Source: Acemoglu, Aghion, Barrage, and Hémous (2021) Year Year Year
* Number of patents in renewables « We estimate that in the long-run, the shale boom will actually
has collapsed since the shale gas lead to an increase in emissions (unless policy reacts).

revolution. « Policy should react by increasing support to clean

technologies.



Conclusions

- Innovation is key to tackle climate change;
* Innovation responds to market incentives
- Butthat is a call for more not less governmental action.
* (Of course, it is not only about innovation).

« Taking into account the response of innovation:
 Calls for research subsidies on top of carbon pricing;
* Calls for an earlier interventions;
« Favors a local green industrial policy over a simple unilateral carbon tax;
« Calls for caution when deploying “"bridge” technologies such as natural gas.
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