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Motivation
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Policy stringency in the archive
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Limited emissions reductions in non-electricity sector
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Emissions reductions in the EU ETS: stylized facts 1/3
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● Manufacturing & Construction Mining Transportation Utilities

Verified emissions: most reductions
from electricity sector.

Emissions stable in sectors like
manufacturing, construction,
transportation.

Combustion-related emissions
decreasing due to fuel switching,
reducing emissions/unit electricity.

Process-related emissions remain
stable due to technical complexities
and costs.
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Differences in regulatory stringency: stylized facts 2/3
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● Manufacturing & Construction Mining Transportation Utilities

Emission reduction disparities
across sectors not solely driven by
industry characteristics.

Differential regulatory pressure
plays a significant role.

Electricity sector experiences the
highest regulatory stringency due
to the no free allowances.

Sectors receiving free allocations
face less stringency to achieve
emission reductions.
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Substantial differences within sectors: stylized facts 3/3
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Density distributions

Technological barriers and
industry nature

Organizational constraints
(ability to access external
funding)
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Research questions
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Research question and sketch of the approach

What question are we aiming to address?

Does carbon policy stringency matter?

Is current policy stringency sufficient to achieve Net Zero targets in EU?

Contribution:

Theoretically-founded definition of policy stringency

Examine determinants of change in emissions

firm-specific financial variables (leverage, ROA, cash-holding)
characteristics of the scale of operations (sales, total assets, inst., age)

Simulate firm-level emissions under varying policy stringency to assess
whether current levels are sufficient to achieve net-zero.
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Main findings
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What do we find?

Policy stringency and sales are main determinants of change in emissions.

Results not driven by firms operating in specific sectors.

Results robust to alternative definitions of policy stringency.

Forward-looking component most relevant part of policy stringency.

Counterfactual analysis illustrates relevance of policy stringency pressure to
get to net-zero.
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Data
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Data - EU firms subject to EU ETS scheme (2013-2021)

Installation-level Verified Emissions and Allocated Allowances (source:
EU-ETL):

Firm-Level Financial Data and Characteristics (Source: Orbis Bvd):

NACE sectoral classification
Matching installations to firms (Letout (2021))
Total assets, fixed assets ratio
Return on assets (ROA)
Firm cash holding, debt-to-asset ratio, listing status
Firm age, changes in number of installations, geographical location

Macro variable (Source: LSEG):

European Union Allowances carbon price futures (yearly average)
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Policy stringency
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Mind the compliance gap: Policy stringency

Firm’s compliance problem:

min
α, β

E

[

T
∑

t=0

C (ēt − et(pt , ēt)) + pt · βt

]

s.t. ET − AT =
T
∑

t=0

αt +
T
∑

t=0

βt

Solving → C ′(αt) = pt i.e. the per-unit cost of compliance at each instant t.

At year t = 0 the total expected compliance cost for the firm is

T
∑

t=0

(

αt + βt

)

· pt =
T
∑

t=0

(et − at) · pt
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Mind the compliance gap: Policy stringency (an illustration)
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Policy stringency:

1

10

10
∑

k=1

[

(at+k − et)× Pt

Salest

]

average annual expected
compliance cost over the next
10 years
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Analysis
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The model

∆log E
i ,t = β′

1X1i ,t−1 + β2
′
X 2i ,t−1 + β3

′
X 3i ,t + µt + γs + ζc + γs × µt + εi ,t

Firm-specific variables:

Policy stringency: 1/10
∑10

k=1 [(at+k − et)× Pt/Salest ]

Financial (lagged): leverage, fixed assets, ROA, and cash holding

Characteristics determining scale of operations: change in sales, total assets,
change nr. installations, age, listed dummy

µt and ζc time and country fixed effects.

γs NACE two-digit sector fixed effects

γs × µt NACE two-digit sector-time interaction fixed effects
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Full sample analysis
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Sectorial analysis

20 / 29



Motivation Research questions Main findings Data Policy stringency Analysis Counterfactual Analysis Appendix

Robustness analysis: alternative stringency definition

NGFS policy stringency (NPS): assume the allowance price follows the
NGFS scenario consistent with Fit for 55.

NPSi ,t =
1

10

10
∑

k=1

[

(ai ,t+k − ei ,t)× Pt+k

Salesit

]

Full foresight policy stringency (FFPS): Firms have foresight on all
future factors

FFPSi ,t =
1

10

10
∑

k=1

[

(ai ,t+k − ei ,t+k)× Pt+k

Salesit

]

Banking policy stringency (BPS): Incorporate the banking of allowances
from 2005
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Robustness analysis
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Counterfactual Analysis
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Counterfactual Analysis: emissions

Simulation of emission under alternative carbon price level and freely allocated
allowances
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Counterfactual Analysis: policy stringency

Simulation of expected policy stringency under alternative carbon price level
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Counterfactual Analysis: bank of allowances

Simulation of Total Number of Allowances in Circulation under alternative carbon
price level
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Appendix
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Emissions intensity based figures
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Data - EU firms subject to EU ETS scheme (2013-2021)

Installation-level Verified Emissions and Allocated Allowances (source:
EU-ETL):

Firm-Level Financial Data and Characteristics (Source: Orbis Bvd):

NACE sectoral classification
Matching installations to firms (Letout (2021))
Total assets, fixed assets ratio
Return on assets (ROA)
Firm cash holding, debt-to-asset ratio, listing status
Firm age, changes in number of installations, geographical location

Macro variable (Source: LSEG):

European Union Allowances carbon price futures (yearly average)
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