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Financing is central for reducing 

emissions. And debt is the primary 

source of firms’ external financing.

Motivation

22

Emissions Trading System is the 

main driver of emission reduction in 

the EU.

The EU set the goal to reduce GHG 

emissions by 55% by 2030 and to 

reach carbon neutrality by 2050.

EU Greenhouse Gas historical emissions and targets

Source: European Environmental Agency and ECB adaptation
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Cost of Greenhouse Gas emissions under the EU ETS Carbon Market
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Motivation
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Emission reductionEmission increase

Investment

Debt financing, 
leverage

?Financing is central for reducing 

emissions. And debt is the primary 

source of firms’ external financing.

Emissions Trading System is the 

main driver of emission reduction in 

the EU.

The EU set the goal to reduce GHG 

emissions by 55% by 2030 and to 

reach carbon neutrality by 2050.
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Research question and contribution

5

How does debt finance of corporate firms relate to their change in 

ETS-emissions in Europe? 

Is there a significant relationship between firms’ capital
structure, i.e., leverage, and ETS emissions?

Yes, high (an increase in) leverage is associated with
low (a decrease in) ETS emissions, but only up to a
certain level of leverage.

Do firms respond to a steep increase in allowances’
prices (EUAs) by reducing their emissions?
Do firms behave differently if they are highly indebted?

Yes, firms respond to higher EUA prices reducing
their emissions, unless they are highly indebted and
exposed to the rising price of EUAs.

Contribution: verified disclosed ETS emissions, debt financing and transition, non-listed firms, SMEs
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1. Theoretical 
background and 
empirical strategy
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Theoretical background and empirical predictions

7

Economic mechanism:
Corporate debt, investment and low-carbon transition of firms subject to a cap on their emissions

Unobserved split between 
green/non-green investment         

(and debt servicing)

Transition performance

Corporate debt
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Theoretical background: 
Corporate debt and investments – two opposing forces 

Theoretical background and empirical predictions

8
References: Modigliani and Miller, 1963; Ross, 1977; 
Grossman and Hart, 1982; Myers, 1977

1 Corporate debt financing 

Tax advantages and 
reduced agency costs 

↑ Investment

2 Corporate indebtedness 

Higher interest expenses 
and difficulty to raise new 
external financing

↓ Investment

High (rising) leverage

↑ (improving) transition
performance, but only
up to a certain level of
leverage

H1

H2

There is a group of firms
that are too indebted for the
low-carbon transition.

H3
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Empirical prediction: 
Corporate debt and emissions

Theoretical background and empirical predictions

9
References: Modigliani and Miller, 1963; Ross, 1977; 
Grossman and Hart, 1982; Myers, 1977

1 Corporate debt financing 

Tax advantages and 
reduced agency costs 

↑ Investment

2 Corporate indebtedness 

Higher interest expenses 
and difficulty to raise new 
external financing

↓ Investment

High (rising) leverage

↑ (improving) transition
performance, but only
up to a certain level of
leverage

H1

H2

There is a group of firms
that are too indebted for the
low-carbon transition.

H3



www.ecb.europa.eu © 

“Financing the low-carbon transition in Europe” Carradori et al., (2022)

Novel dataset

10

EU ETS static installations in 2019

Two measures of transition performance:

1. Change in emissions

2. Change in emission efficiency (i.e., revenues/emissions)

A reduction in emissions does not always lead to an increase 

in emission efficiency

• 3,724 NFCs (SMEs 40% + Large 60%) between 2013 - 2019

• 26% of EU emissions (Fossil fuel intensive production in 

Europe based on oil, gas and coal)

• Sources: EUTL, Orbis, Bloomberg
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Empirical strategy

11

Using both a 1 and a 3-years lag.

+ endogeneity and robustness tests

Panel regressions with fixed effects estimation on levels

Panel regressions with first differences estimation on changes with moderation

H1

H2

Difference-in-differences analysis on firms’ transition performanceH3
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2. Baseline results
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• There is a non-linear relationship between leverage and
transition performance

• Higher leverage is associated with higher (lower) transition
performance if the initial leverage is below (above) ~50%

H1: leverage and transition performance

13

Firm-level emissions change little over time, but they vary substantially
across firms. Henceforth, we will focus on the results in columns (1) and (2).

Note: Results are robust when we use a 3 rather than
a 1-year lag.
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H1: leverage and transition performance

14
Note: Results are qualitatively unchanged when we
use a 3 rather than a 1-year lag.

Among other drivers of transition performance:
• ↑ revenues are associated with ↑ emissions
• ↑ profitability is associated with ↑ emission efficiency
• ↑ number of installations is associated with ↓ transition performance
• ↑ EUA balance is associated with ↑ transition performance
• ↑ fossil fuel subsidies are associated with ↓ transition performance
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H2: ∆leverage and ∆transition performance 
conditional on leverage level
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• When leverage is already above 50%, a further
increase is associated with a worse transition
performance.

• An increase in leverage is associated with an
improvement in emission efficiency when
leverage is below 50%.
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Economic magnitude

16

2 Leverage above 50%
Increase by 1-STD of leverage changes

+2% emissions in the following year
-8% emission efficiency in the following year

1 Leverage below 50%
Increase by 1-STD of leverage changes

-5% emissions in the following year
+9% emission efficiency in the following year

By comparison: -2% avg. yearly reduction ETS 
emissions cap
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3. Difference-in-
differences result

17
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H3: difference-in-differences design

18

EUAs price starts growing significantly in 2018:

• March 2018: introduction of the EU ETS 
Directive that sets the ground for phase 4 of 
the ETS.

Directive (EU) 2018/410 of the European 
Parliament and of the Council of 14-03-2018

While the increased price of EUAs creates a pressure on firms’ emission reduction efforts,
highly leveraged firms exposed to such rising price are unable to reduce their emissions.

Instead, other firms successfully do so.

H3
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• TransitionPerformance: emission levels.

• Treatment: dummy equal to 1 for firms with a leverage above 50%, i.e. the firms has high debt, and
if EUA balance is negative, i.e., the firm has emissions in excess of its EUAs in the year prior the
event (2017), dummy equal to 0 for other firms.

• PostEvent: dummy equal to 0 in year before which the EUAs price has spiked (2016, 2017) and 1 in 
the years in and after the event (2018, 2019).

H3: difference-in-differences design

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖,𝑡𝑡 = 𝛼𝛼 + 𝛽𝛽0𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡𝑖𝑖 × 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡 +

Σ𝑗𝑗=1N 𝛾𝛾𝑗𝑗𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑠𝑠𝑗𝑗,𝑖𝑖,𝑡𝑡 + 𝐹𝐹𝐸𝐸𝑡𝑡 + 𝜖𝜖𝑖𝑖,𝑡𝑡

19
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H3: difference-in-differences results

Firms that are subject to the introduction of the EU ETS Directive reduce their emissions on average, unless they are highly 

indebted and exposed to rising EUA prices given their negative EUA balance (treated).

Difference-in-differences results for 
changes in emission following 2018.

On average emissions decreased over time in control firms, while they 
increased slightly in treated firms relative to 2017.
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4. Conclusion
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1. High leverage is associated with low emissions, but only up to a certain threshold of leverage.
2. An increase in leverage is associated with a decrease in emissions, but only up to a certain threshold of

leverage.
3. On average, firms respond to higher EUA prices reducing their emissions, unless they are too indebted for

the low-carbon transition

Conclusion

22

Policy relevance:

• Scope and role of EU ETS within the low-carbon transition

• Access to transition finance

• Debt as a driver of emission reduction and the importance of green debt for highly leveraged firms

How does debt finance of corporate firms relate to their change in ETS-

emissions in Europe? 
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Appendix
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This paper’s contribution
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EU ETS as a 
determinant of 

firms’ transition 
performance

This paper: verified disclosed ETS emissions, debt financing and transition, non-listed firms, SMEs

• EU ETS had a negative effect on emissions (Ellerman et al., 2020; Anderson and Di Maria,
2011; Petrick and Wagner, 2014; Ellerman and McGuinness, 2008; Wagner et al., 2013)

• Carbon pricing is related to an uptick in green innovation (Känzig, 2021; Martin et al.,
2020; Martin et al., 2013; Calel and Dechezleprêtre, 2016; Borghesi et al., 2012).

The role of debt in 
the low-carbon 

transition

The role of firms’ 
financial structure, 

financing 
opportunities and 

constraints

• Economies that are more equity-funded are greener (De Haas and Popov, 2018)
• Financial and managerial constraints are associated with worse transition performance

(De Haas et al., 2022; Xu and Kim, 2022; Barci et al., 2021)
• Lower financial constraints are associated with more patents especially in industries

related to clean energy and clean production (Howell, 2017).

• Debt finance and emissions: mixed evidence (↓Emissions: Mésonnier, 2021; Ivanov et al.,
2021; Kacperczyk and Peydró, 2021; Degryse et al., 2021; Maurin et al., 2021; ↑Fossil fuels
exposure: Beyene et al., 2021)

• Green bonds: mixed evidence (↓Emissions: Flammer, 2021; Fatica and Panzica, 2021;↓ ↑
Emissions: Ehlers et al., 2020); Green loans: scarce evidence (↓ ↑ Emissions: Gilchrist et
al., 2021)
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Distribution of main variables of interest across time

25

• Stable emissions and 
rising emission 
efficiency across time.

• Decreasing debt-to-
assets from 2013 to 
2019.
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Sample composition

26
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Additional analyses – Green debt

27

NFCs that have contracted green debt: 

• Very limited number of firms active in the EU ETS, 18 in total, directly benefited

from green debt.

• Only 37 firms might have benefited from it through their consolidated

group structure.
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Additional analyses – Listed vs. non-listed firms

28

• The non-linear effect between leverage
and transition performance is driven by
unlisted firms.

• Approx. 96% of our EU ETS active firms
are non-listed, the sample is also
representative for the European economy.

Differential effect for the non-linear relationship between leverage and emissions performance:

Listed vs. non-listed firms



www.ecb.europa.eu © 

“Financing the low-carbon transition in Europe” Carradori et al., (2022)

Robustness test – firms that are not on carbon leakage list

29

Currently available empirical research has not
been able to find proof of carbon leakage
associated with the EU ETS.

The non-linear relationship between
leverage and emissions is significant for
firms that are not deemed to be at risk of
carbon-leakage.

Firms might use debt to finance emission reduction through regulatory arbitrage (e.g., they might shift production outside 

the EU ETS).
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Additional robustness test:

30
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Additional robustness test:
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Additional robustness test:
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Additional robustness test:
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Additional robustness test:
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Additional robustness test:
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Transition performance across industries and time
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Leverage across industries and time
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