Meeting Climate Targets: The Role of Fossil Research
Subsidies

Sonja Dobkowitz
DIW Berlin

FSR Climate Annual Conference 2023, Florence
November 27, 2023



Motivation

e How to best meet emission targets in line with climate goals?



Motivation
e How to best meet emission targets in line with climate goals?

- On the one hand, reduce the use of fossil fuels,... = carbon tax



Motivation
e How to best meet emission targets in line with climate goals?

- On the one hand, reduce the use of fossil fuels,... = carbon tax

- ... while keeping productivity high = green research subsidies




Motivation
e How to best meet emission targets in line with climate goals?

- On the one hand, reduce the use of fossil fuels,... = carbon tax

- ... while keeping productivity high = green research subsidies

e Less attention in economic debate: fossil research taxes/ subsidies




Motivation
e How to best meet emission targets in line with climate goals?

- On the one hand, reduce the use of fossil fuels,... = carbon tax

- ... while keeping productivity high = green research subsidies

e Less attention in economic debate: fossil research taxes/ subsidies

- too little new innovation in green sector (IEA, 2020) = tax fossil-related research?



Motivation
e How to best meet emission targets in line with climate goals?

- On the one hand, reduce the use of fossil fuels,... = carbon tax

- ... while keeping productivity high = green research subsidies

e Less attention in economic debate: fossil research taxes/ subsidies

- too little new innovation in green sector (IEA, 2020) = tax fossil-related research?
- then again:



Motivation
e How to best meet emission targets in line with climate goals?

- On the one hand, reduce the use of fossil fuels,... = carbon tax

- ... while keeping productivity high = green research subsidies

e Less attention in economic debate: fossil research taxes/ subsidies

- too little new innovation in green sector (IEA, 2020) = tax fossil-related research?
- then again:

(i) researchers in established sectors can build on deep pool of knowledge, and



Motivation
e How to best meet emission targets in line with climate goals?

- On the one hand, reduce the use of fossil fuels,... = carbon tax

- ... while keeping productivity high = green research subsidies

e Less attention in economic debate: fossil research taxes/ subsidies

- too little new innovation in green sector (IEA, 2020) = tax fossil-related research?
- then again:
(i) researchers in established sectors can build on deep pool of knowledge, and
(i) non-green knowledge facilitates green innovation tomorrow



Motivation
e How to best meet emission targets in line with climate goals?

- On the one hand, reduce the use of fossil fuels,... = carbon tax

- ... while keeping productivity high = green research subsidies

e Less attention in economic debate: fossil research taxes/ subsidies

- too little new innovation in green sector (IEA, 2020) = tax fossil-related research?
- then again:
(i) researchers in established sectors can build on deep pool of knowledge, and
(i) non-green knowledge facilitates green innovation tomorrow
= subsidize fossil-related research?



Motivation
e How to best meet emission targets in line with climate goals?

- On the one hand, reduce the use of fossil fuels,... = carbon tax

- ... while keeping productivity high = green research subsidies

e Less attention in economic debate: fossil research taxes/ subsidies

- too little new innovation in green sector (IEA, 2020) = tax fossil-related research?
- then again:
(i) researchers in established sectors can build on deep pool of knowledge, and
(i) non-green knowledge facilitates green innovation tomorrow
= subsidize fossil-related research?

e What is the optimal mix of research and carbon taxes to meet emission targets?
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e Quantitative model building on Fried (2018) calibrated to the US 2015-2019

- three research sectors: green, fossil, and non-energy sector
- knowledge spillovers:

a) within sector: researchers learn from knowledge accumulated in their sector
b) cross sector: knowledge generated in sector A stimulates innovation in sector B

o The government chooses the path of carbon taxes and green and fossil research
subsidies to maximize welfare.

e An emission limit constrains the government.
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Preview of results

e A fossil research subsidy optimally complements carbon taxes and green
research subsidies.

e A fossil research subsidy rises social welfare equivalently to a permanent 3.8% rise
in consumption.

- Gains: higher technology growth in the future

- Costs: less consumption today due to lower green growth initially

e Cross-sectoral knowledge spillovers are key: absent such spillovers, we should
stop fossil research immediately.
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Production: machines and innovation
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Innovation
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1. within-sector knOW|edge Spi”OVerS (“Path dependency” e.g. Acemoglu et al., 2012; Aghion et al., 2016)

2. deCI’eaSing returns to research, n < 1 (“Stepping on toes” e.g. Jones and Williams, 1998)

3. cross-sectoral knowledge spillovers (eg. Aghion et al., 2016; Hart, 2019; Barbieri et al., 2023)

A4 sector-specific knowledge py: number of research processes in sector .J

Ay: aggregate knowledge
~ : productivity of scientists

7 : returns to research
¢ : relative importance knowledge spillovers
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Calibration

e Calibration to the US in 2015-2019
® EmISSIon ||m|t — graph
- global CO5 emissions consistent with 1.5°C climate target from IPCC AR6

- equal-per-capita distribution of emissions

[ ] Important pal’ameters — all parameters

Parameter | Value Meaning Target Literature

0.1879 (Hart, 2019)

0.79 (Fried, 2018)

0.1 (Hart, 2019)

0.3124 (Aghion et al., 2016)
0.4 (Fried, 2018)

0.68 (Acemoglu et al., 2016)

n 0.61 returns to research R&D investment in fossil sectors (NCSES)

©-

0.11 cross-sector knowledge spillovers  growth in green energy patents (EPO, 2021)

0.02 relative knowledge stock fossil energy share in output (EIA, 2023)

=
2
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First-best and business-as-usual allocation
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First-best and business-as-usual allocation

(a) Green-to-fossil energy ratio (b) Fossil-to-green research
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Optimal Policy

(a) Tax per ton of carbon, 2022 US$
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(b) Research subsidies
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e high and increasing carbon tax (Barrage (2020): carbon tax between 100 and 800 US$)

e high fossil research subsidies

— renormalized subsidies, — no target
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Gains and costs of fossil research subsidy
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Gains and costs of fossil research subsidy

Figure: Fossil-to-green research
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e without fossil tax, no fossil research activity anymore

e dilemma: carbon tax directs research away from fossil sector
14
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Gains and costs of fossil research subsidy

(a) Consumption (b) Aggregate technology growth
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e reduce consumption today to profit from higher growth tomorrow
e total welfare gains: CEV of 3.8%. Costs in initial 100 years: CEV of -0.6%
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Cross-sectoral knowledge spillovers are key

Figure: Fossil-to-green research
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e knowledge spillovers allow to profit from otherwise “stranded assets”

e absent cross-sectoral spillovers, we should stop fossil research immediately

— robustness
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Conclusion

e | study the optimal mix of taxes on carbon and research subsidies to meet

emission targets.

e Fossil research subsidies complement the environmental policy to profit from
otherwise “stranded assets” in the form of fossil-related knowledge.

e Cross-sectoral knowledge spillovers are key to this result.
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e carbon tax lowers wages of fossil researchers and raises wages of green researchers

psJ: revenues sector J Aj: productivity sector J
1y : sector-specific constant sy : scientists sector J



Effect of carbon tax on the allocation of scientists

wage fossil scientists

wage green scientists
- dArp dAq
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e carbon tax lowers wages of fossil researchers and raises wages of green researchers

e scientists transition from fossil to green sector (decreasing returns to research)

pyJ: revenues sector J

Aj: productivity sector .J
1y . sector-specific constant

S : scientists sector J
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In a nutshell: Government trade-off and instruments

e Goal of government intervention
a) lower emissions
b) keep productivity high

e Carbon tax
a) reduces emissions by lowering fossil demand
b) directs research across sectors
- if want to foster green research = higher carbon tax = costly in terms of
output
- if want to foster fossil research = smaller carbon tax = but too high
emissions

o Fossil research subsidy used to counter effect of carbon tax on fossil research

— back



Why is targeting fossil research important to efficiently lower emissions? =
introducing a third research sector makes these instruments necessary. Mimiking fossil
research taxes with carbon and green research subsidies would

e fossil tax: allows to push reserach away from fossil sector while not distorting
non-energy research (biggest research area)

o fossil subsidy: foster fossil research while not increasing non-energy research
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Government

max
{TFt }toioy{TsFi }toi() 7{TsGt}?io

s.t.

B : household discount factor
T, profits minus subsidies
from machine producers

> B'log (Cy)
0

t=

(1) Tt = 7peFy + Trt(TsGts TsFt)

(2) behavior of firms and households

(3) resource constraints

(4) wF, —§ < (dynamic emission target)

Q;: net emission limit
w : emissions per unit of fossil

d : natural carbon sinks (forests, moors)
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Markets

Hours workers  Hy; = Lpy + Ly + Ly

1
Hours scientists  S; = / (spit + SGit + Snit) di
0

1
Final good Y; =C; + / (TFit + Tait + TNa) di
0
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Emission target

Figure: Net CO, emission target in Gt
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Parameters

Parameter Value Target Source
Household
B 0.93 Barrage (2020)
H 1.00 14.5 hours per day (Jones et al., 1993)
S 0.01 share of researchers (Fried, 2018)
Research
) 0.61 R&D investment in fossil

sectors (NCSES)
(pp. pG. PN) (0.01, 0.01, 1.00)  Fried (2018)
¢ 0.11 green energy patent growth (EPO, 2021)
o' 1.68 growth in all patents (EPO, 2021)
Production
) (0.05, 1.50) Fried (2018)

BLS Green Jobs and
(or. ag. an) (i, BT, @) Compensation of employees by NAICS
5y 0.29 energy expenditure share (EIA, 2023)
Initial TFP
(Aj;)a“’ha', Agflpha”, A}\;J"l”""“) (3.00, 1.11, 0.98) fossil to green energy output ratio, normalization GDP
Emissions
5 319 in GtCO, (EPA, 2022)
w 211.37 EPA (2022)
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Optimal Policy

(a) Subsidies relative to green research
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(b) Subsidies relative to fossil research

e — ——

green
non-energy

0
2020 2030 2040 2050 2060 2070

e relative to the green research: fossil research subsidy and non-energy research tax

e relative to fossil research: tax on green and non-energy sector
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Optimal policy with and without target

Fossil h subsid
(a) Fossil research subsidy (b) Fossil-to-green research
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. 200.0
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—no largel 0.0
0.0 | . . . .
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e with target: higher fossil tax to counter carbon tax

e without target: higher share of fossil research
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Gains and costs of fossil research subsidy

(a) Fossil-to-green research (b) Green-to-fossil energy ratio
g .
. —bascline |
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Gains and costs of fossil research subsidy: Optimal policy

(a) Tax per ton of carbon, 2022 US$
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(b) Green research subsidies

1.00

0.50 . .
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e higher carbon tax to counter fossil research subsidy

e subsidize green sector more to lower non-energy research
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Gains and costs of fossil research subsidy: Optimal policy

(a) Fossil subsidy relative to green (b) Non-energy subsidy relative to green
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e without fossil research subsidy: same tax on fossil and non-energy research

e with fossil research subsidy: lower non-energy research using fossil tax
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Robustness: Fossil research subsidies

(a) Knowledge stocks (b) Fossil research subsidies
1.0f
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e the least advanced fossil sector, the smaller fossil research subsidy. Fossil research

tax to boost non-energy research.

e the stronger "stepping on toes” effect, the higher fossil research subsidies
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Initial values from Fried: renormalized subsidies
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