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Introduction

Unilateral carbon pricing → fear of carbon leakage

Carbon cost compensation to emission intensive industries
to protect competitiveness & prevent carbon leakage

All emissions trading schemes (ETS) covering industry provide
compensation via free allocation (FA) (Sato et al. 2022)

We study effects of compensation on manufacturing firms
looking at effects of FA in EU ETS
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Introduction

Carbon cost compensation in the EU ETS:

EU ETS is 2nd largest emission trading system in the world

FA as carbon cost compensation to protect competitiveness

Value of FA at carbon price of 60 EUR > 40 bn. EUR per year
(Elkerbout 2022)
Introduction of carbon border adjustment (CBAM)
→ phase-out of FA; full phase-out in 2034

2013: Change FA-rules from grandparenting to benchmarking
→ We exploit this change to study effects of FA
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Research questions

1 Effect of carbon cost compensation on firm-level
outcomes?

Effect on emissions, employment, output and investments

2 Heterogeneity of effect by sector?
→ which sectors should (not) receive compensation?
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Related literature

Empirical evaluations of effects of carbon prices
Colmer et al. (2024), Dechezleprêtre, Nachtigall and Venmans
(2023), Löschel, Lutz and Managi (2019), and Martin, Preux
and Wagner (2014)

Design of carbon cost compensation rules
Böhringer, Fischer and Rivers (2023), Martin et al. (2014a,b),
and Sato et al. (2015)

Empirical evaluations of carbon cost compensation
Basaglia, Isaksen and Sato (2024), Locatelli et al. (2022),
Ulmer (2022), and Zaklan (2023)
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Contribution

Empirical strategy using within-sector firm-level variation
of FA
→ can analyse heterogenous effects of FA across sectors
receiving compensation
→ implications for future design & reform of compensation
rules

Analysis includes years 2018-2019 when some firms were short
in FA & carbon prices were relatively high
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Institutional setting

EU-ETS

Emission intensive manufacturing, power sector, domestic aviation

Every year, firms surrender allowances for GHG emissions

Allowances are either auctioned or distributed for free

Phases I (2005-2007) & II (2008-2012)

Grandparenting: free allocation based on historical emissions

(Nearly) full free allocation in phases I & II

Phase III (2013-2020)

Benchmark: average emission intensity of sector’s top 10%

Default: 80% of benchmark as FA in 2013 declining to 30% in 2020

Carbon leakage risk sectors: 100% of benchmark as free allocation
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Free allocation after 2013: Benchmarking

How are FA determined?

FAist = Benchmarks ∗ Activityi ∗ RFit ∗ CLFst

Benchmarks : emission intensity of 10% most efficient installations

Activityi : historic activity level of installation i

RFit : cross-sectoral correction factor ensuring that free allocations do not
exceed the total amount available for free allocation

CLFst : Carbon leakage risk factor; 1 for leakage risk sectors CLR criteria ;
decreases from 0.8 in 2013 to 0.3 in 2020 for all other sectors

Heterogeneous reduction of free allocations within sector
⇒ larger reduction for plants further above benchmark
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Data

We merge firm-level data from the German manufacturing
census (AFiD) and the EU Transaction Log (EUTL)

German manufacturing census (AFiD)

Data on production, sales, inputs and investments

EU Transaction Log (EUTL)

Data on emissions and free allowances

Final sample of ∼ 300 manufacturing firms

Years 2010-2019
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Treatment definition

2013: change in FA-rules from grandparenting to benchmarking
→ variation in free allocation at firm-level

Dc
it =

(FAi ,pre − FAit) ∗ PCO2
t

Costs i ,pre

Dc
it : Change in annual carbon compliance costs (as a share of

total costs)

Varying treatment intensity

No estimator allowing varying treat. intensity & interactions
of treatment with heterogeneity variables (Roth et al. 2023).
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Treatment definition & DiD-estimator

Binary treatment variable:

Dit =

{
1 if Dc

it < −0.1%

0 if Dc
it ∈ [−0.1%, 0.1%]

Staggered treatment timing → use ETWFE-estimator
(Wooldridge 2023, 2021)

ETWFE:

Robust to heterogenous treatment effects in staggared settings
Allows for interactions of treatment with heterogeneity vars
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Empirical specification

Extended Two-Way-Fixed-Effects

yit = η + αi + γt + µi + γt × µi + πγt × LPi,t0 +
2019∑

r=2013

2019∑
s=r

τrsDrs + uit

αi : firm fixed effects

γt : year fixed effects

µi : sector fixed effects

LPi ,t0: baseline labor
productivity

Drs : treatment variable
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Identifying assumptions

No anticipation
We ensure no anticipation by excluding year 2012 when FA for
phase 3 was announced.

(Conditional) parallel trends
Conditional on base-period productivity LPi ,t0 , trend in outcome
yit does not depend on cohort status gi .

E [yit(∞)−yi ,2010(∞) | gi , LPi ,t0 ] = E [yit(∞)−yi ,2010(∞) | LPi ,t0 ]

for t = 2011, 2013, ..., 2019
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Parallel trends
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Average effects

Output Emissions Investment Employment

ETWFE
-0.03 -0.054 -0.16 -0.029
(0.02) (0.113) (0.132) (0.03)

ETWFE
+ heterog. trends

-0.031 -0.057 -0.159 -0.029
(0.02) (0.113) (0.131) (0.03)

ETWFE
+ heterog. trends
+ sec X year FEs

-0.024 -0.046 -0.107 -0.035
(0.024) (0.112) (0.137) (0.029)

nr. of observations 1873 1859 1820 1866
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Heterogenous effects - Emissions
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Heterogenous effects - Investment
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Heterogenous effects - Employment
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Heterogenous effects - Output
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Conclusion

In line w/ previous literature no significant effects on
emissions, employment, investment and output.

Heterogenous effects:

Negative effects on investment for basic chemicals and cement,
glass & ceramics
Small negative effects on employment and output for cement,
glass & ceramics

Compensation in phase III of EU ETS for competitiveness
protection was not necessary in most sectors

If at all, compensation is necessary for some
emission-intensive and trade-exposed basic material sectors
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Thank you!

tkoeveker@diw.de
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Appendix

Sectors at risk of carbon leakage

In phase 3 (2013-2020), a sector is defined to be at risk of carbon
leakage according to the following criteria (Sato et al. 2015):

combined criterion (A)
carbon costs are higher than 5 % of GVA
AND
trade intensity (share of non-EU imports & exports relative to
EU market size) is higher than 10 %

single criteria

carbon costs are higher than 30 % of GVA (B)
OR
non-EU trade intensity is above 30 % (C)
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Appendix

Sectors at risk of carbon leakage

Figure from Ulmer (2022)
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