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Demand-pull and technology-push environmental innovation: a policy 
mix analysis on EU ETS and EU Cohesion Policy
Francesco Scottia,b, Andrea Flori a, Riccardo Crescenzib and Fabio Pammollia

aDepartment of Management, Economics and Industrial Engineering, Milan, Italy; bDepartment of Geography and Environment, 
London School of Economics, London, UK

ABSTRACT  
Existing literature on the sustainability transition towards a low-carbon economy 
provides conceptual frameworks for designing combinations of policy 
interventions but lacks empirical evidence regarding their application. This paper 
aims to test whether a mix of policy instruments represents a potential valid 
solution to manage carbon abatement effectively. We refer to the European Union 
Emissions Trading System (EU ETS) as an example of demand-pull environmental 
policy, while we include the Structural and Cohesion Funds (SCFs) and the Horizon 
2020 funds as examples of technology-push policies. Through the application of a 
panel event study, we find that the EU ETS generates a positive impact on 
environmental patent applications in the light manufacturing sector during the 
period 2013–2020, while EU ETS participation and financial support contribute to 
environmental innovation and CO2 emission reduction in the energy sector. Hence, 
those sectors where market dynamics allow avoidance of complete internalization 
of the carbon price may benefit from financial support to re-direct the 
technological change towards the sustainability transition. We demonstrate that 
the analysed policy mix contributed to a reduction of about 2.2% of total 
emissions produced by energy firms in the EU ETS during Phase III, which is in line 
with EU climate targets. Overall, our work may support policymakers in 
understanding the relevant factors that affect the impact of the policy mix on the 
environmental transition.

Key policy insights
. A Demand-pull policy instrument like EU ETS fosters patent applications of firms 

with limited cost pass-through options, particularly in the light manufacturing 
sector.

. A policy mix of EU ETS and regional development funds is required to effectively 
improve the environmental innovation of firms that can easily transfer the costs of 
CO2 emissions to the final users, such as in the energy sector.

. The interaction of regional development policies and innovation policies crowds in 
additional investments and catalyses R&D activities, contributing to environmental 
innovation for EU ETS firms.
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1. Introduction

Sustainability transitions are extensive, multi-faceted transformation processes through which well-established 
socio-technical systems evolve towards more sustainable modes of production and consumption (Lindberg 
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et al., 2019; Markard et al., 2012; Rogge & Reichardt, 2016). The sustainability transition requires complex 
technological change, and single policy instruments cannot adequately drive such a structural transformation 
(Milhorance et al., 2020). A policy mix, constituting the set of interactions and interdependences between 
different policy instruments, represents a valid approach to address key priorities in the policymakers’ 
agenda, such as climate change, natural resources depletion, and environmental degradation (European Com
mission, 2018; Flanagan et al., 2011; IPCC, 2014).

Alternative laissez-faire approaches may produce unintended consequences, with the quality of natural eco
systems falling below critical thresholds due to intensive exploitation of dirty technologies (Acemoglu et al., 
2012). However, the design of optimal environmental regulatory frameworks is complex, as different factors 
may affect the direction of the technological change and the type of needed policy intervention (Huppes 
et al., 2017). For instance, while carbon taxes may be sufficient to re-direct innovation towards the green tran
sition in cases of wide usage of exhaustible resources and high elasticity of substitution between dirty and 
green technologies, a more complex combination of policy instruments may be required in cases of a signifi
cant development gap between the two technologies (Acemoglu et al., 2014; Acemoglu et al., 2016).

However, a clear comprehension of the impact of policy packages designed at national and international 
levels to stimulate the sustainability transition towards a low-carbon economy is still lacking (Ulibarri et al., 
2022). First, it is still not evident whether different regulatory frameworks generate positive synergies, strength
ening the credibility of single instruments, or if, instead, they tend to overlap, producing conflicts in their inter
action and weakening the overall environmental impact (Åhman et al., 2017; Fais et al., 2015; Oikonomou et al., 
2014; Van den Bergh et al., 2021).

Second, the bulk of extant research is constituted by conceptual studies and theoretical frameworks on the 
policy mix, and different scholars have argued that the current impasse on policy contribution to environmental 
innovation is partially due to the lack of empirical works (Flanagan et al., 2011; Mavrot et al., 2019; Rogge & 
Reichardt, 2016; Schmidt & Sewerin, 2019). Few exceptions are represented by Peters et al. (2012), Veugelers 
(2012) and Costantini et al. (2017), who obtained mixed results on the most effective combinations of instru
ments to foster environmental innovation.

Finally, empirical studies do not extract practical guidelines to support policymakers in properly understand
ing the development dynamics of technological innovation systems (Bergek et al., 2008). Moreover, they suffer 
from the fact that they often analyse a single policy instrument only, rely on survey data that are not disclosed 
by official international statistical offices, focus on a single country and study-specific niche sub-sectors, thus 
limiting the possibility to generalize the results (Cantner et al., 2016; Guerzoni & Raiteri, 2015; Rogge et al., 
2011; Rogge & Hoffmann, 2010; Rogge & Schleich, 2018).

Against this background, we investigate the impact of different types of policies aiming to foster environ
mental innovation, focusing on two broad categories of public intervention: demand-pull and technology- 
push instruments (Dai & Xue, 2015; Nemet, 2009). We analyse the European Union Emissions Trading System 
(EU ETS), which constitutes a prominent example of demand-pull policy instruments in the environmental 
sector, representing the cornerstone of the European Commission (EC) climate policy and covering about 
45% of European Union’s Green House Gases (GHG) emissions. In terms of technology-push policies, we 
take into account the two most relevant programmes of financial support at the EU level, namely the ‘Structural 
and Cohesion Funds’ (SCFs) and ‘Horizon 2020’ (H2020), constituting the main pillar of EU Cohesion Policy and 
the largest funding programme for research and innovation aiming to tackle climate change, respectively.

Relying on a unique dataset covering the environmental performances in terms of patent applications and 
carbon emissions of European firms, we disentangle the impact of alternative policy mix instruments on 
environmental results over the time frame 2013–2020. Through the application of a panel event study frame
work (Callaway & Sant’Anna, 2021), we demonstrate that the effect of the EU ETS is heterogeneous across 
sectors with stronger benefits for firms established in sectors characterized by higher international competition 
and the absence of the cost pass-through mechanism. Furthermore, we highlight that the policy mix has an 
additional positive impact with respect to demand-pull instruments on environmental innovation and CO2 

emissions reduction only for firms established in the energy and heavy manufacturing sectors.
The paper is structured as follows: Section 2 describes the different types of environmental policies that are 

analysed and introduces the research framework and hypotheses. Section 3 explains the data and the 
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methodology employed for the empirical analysis. Section 4 highlights and discusses the main findings, while 
Section 5 concludes.

2. Research framework and hypotheses

Our research framework aims to investigate the relationship between the policy mix and environmental per
formances at the firm level. In terms of policy instruments, we focus on two broad categories of public inter
ventions: demand-pull and technology-push measures (see Figure 1).

2.1. Demand-pull policies

Demand-pull policies indicate instruments that stimulate the adoption of innovation on the demand side or 
standard-setting measures and regulatory frameworks aiming to constrain the usage of pollution-intensive 
technologies and reduce the uncertainty on the adoption of clean innovation (Edler et al., 2012; Jaffe et al., 
2002; Peters et al., 2012). They include regulatory instruments such as feed-in tariffs, tax incentives for final 
users, green procurement policies and emission trading schemes aiming to create a protected niche market 
where innovative clean technologies can compete with incumbent dirty technologies that have cost advan
tages due to negative externalities and consolidated path-dependencies (Cox & Edwards, 2019; Nill & Kemp, 
2009; Rogge & Reichardt, 2016).

In terms of demand-pull policy, we analyse the impact of the EU ETS. It is the largest carbon market, and it 
relies on the ‘cap and trade’ principle (Ellerman et al., 2020). Firms under this regulation cannot emit in aggre
gate an amount of GHGs higher than a cap, which is reducing in time to stimulate carbon abatement. Firms can 
trade carbon allowances, which represent the right to emit one tonne of CO2 (or its equivalent). Robust allow
ances prices provide, therefore, a relevant economic rationale for policy-led demand for investments in clean 
and low-carbon intensive technologies.

Doubts on the correct design of the EU ETS mechanism arise because it may allow firms to implement ‘cost 
pass-through’ practices, preventing a full internalization of the carbon price into production costs (Neuhoff & 

Figure 1. Research framework.
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Ritz, 2019). The cost pass-through is defined as the extent to which the rise in production costs associated with a 
growth in CO2 emission costs can be directly transferred to the client through an increase in the output price. 
Different factors may affect the intensity of the cost transfer. First, higher competition is expected to be associ
ated with a lower opportunity for cost pass-through, as firms cannot easily increase the output price without 
losing market share (Wang & Zhou, 2017). Second, strictly regulated markets are exposed to a lower risk of cost 
transfer since final prices might be controlled (Sijm et al., 2012). Conversely, the cost pass-through tends to be 
more present in case of less fragmented markets, price inelastic demand and information asymmetries (Cludius 
et al., 2020; Sijm et al., 2012).

For such reasons, the cost pass-through is expected to be high for the energy sector. Indeed, it is naturally 
characterized by high-frequency changing prices that make it easier for energy producers to justify small daily 
price variations. Moreover, the energy sector represents an oligopoly facing a price inelastic demand facilitating 
output price adjustments with a low risk of losing clients (Neuhoff & Ritz, 2019). Consistently with economic 
theory, empirical evidence shows a solid consensus on the high-cost transfer in the energy sector. Sijm et al. 
(2006) estimate pass-through rates between 60% and 100% of CO2 cost for this sector in Germany and the Neth
erlands. Conversely, empirical evidence on the cost pass-through is less conclusive for other sectors. Cludius 
et al. (2020) estimate significant cost transfer for the petrochemical, fertilizers and refineries sectors, while 
lower values are found for the cement, iron and steel, and glass sectors. Similarly, Alexeeva-Talebi (2011) ident
ifies a wide range of cost pass-through rates from 0% to 75% for the chemical sector, from 24% to less than 60% 
in the glass sector and equal to 0% in the paper sector. Based on these insights, we postulate our first research 
hypothesis (see also Figure 1): 

RH1: The impact of the EU ETS on environmental innovation is heterogeneous across sectors and more significant for the 
manufacturing sector that may not implement the cost pass-through mechanism to avoid a full internalisation of carbon 
cost price.

2.2. Technology-push policies

Technology-push policies are measures such as innovation funds, R&D financial support programmes, venture 
capital instruments and fiscal incentives that foster firms’ advances in science and technology from the supply 
side (Dimos et al., 2022; Nemet, 2009).

We focus on two prominent programmes of financial support at the EU level. The first is H2020, which, with a 
budget of around 80 billion € over the time frame 2014–2020, represents the largest ever implemented funding 
programme for research and innovation aiming to support climate action. The second is SCFs, which constitute 
a cornerstone of EU Cohesion policy. We restrict our analysis to the portion of SCFs devoted to the sustainable 
transition, being a key priority area targeted by different thematic objectives (TO) such as low carbon economy 
(TO 4), adaption to climate change, risk prevention (TO 5) and improving environmental protection and 
resource efficiency (TO 6). Overall, around 78 billion €, corresponding to more than 20% of the EU Cohesion 
Policy budget, has been allocated to support the sustainability transition.

The EU Cohesion Policy had a positive impact on the environmental sector in terms of water supply, 
public sanitation, waste collection and the share of renewable energy sources (Medeiros, 2014). Further
more, it allowed the implementation of projects with positive environmental effects despite the limited 
financial performances (Florio et al., 2018). Nonetheless, there is still an open debate on the extent to 
which the EU Cohesion Policy stimulates further investments and R&D activities in the environmental 
sector without simply substituting alternative funding sources (Bachtler et al., 2017; Crescenzi et al., 2020; 
Mairate, 2006).

Empirical evidence shows that the crowding in effect of public funds is more relevant during the early stages 
of the innovation process when firms should invest in high-risk exploration activities. Indeed, private financial 
markets may not provide adequate financial support to projects targeting the sustainability transition that may 
be perceived as too uncertain during the initial phases (Geddes & Schmidt, 2020; Polzin, 2017). Therefore, public 
finance raises expectations on future technology development trajectories due to a commitment from public 
international institutions to the development of clean technologies that encourage capital attraction at reason
able costs from different private investors.
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Overall, as reported in Figure 1, technology-push instruments should trigger the innovation process to 
stimulate initial R&D activities and promote crowding in mechanisms, allowing projects to successfully 
manage the following innovation process phases (Geddes & Schmidt, 2020; Vogl et al., 2021). Based on 
these insights, we postulate the following research hypotheses: 

RH2a: SCFs and H2020 have a significant impact on firms’ environmental performances in the energy sector, where the cost 
transfer may prevent firms from fully internalizing carbon costs, thus reducing the innovation effects of a demand-pull policy.

RH2b: The mechanism explaining the effect postulated in H2a is represented by an increase in R&D activities conducted by 
beneficiaries of SCFs and H2020 funds that contribute to activating virtuous innovation processes that could not be per
formed with the same intensity in the absence of such initiatives of financial support.

3. Data and methods

To assess the impact of alternative policy combinations on environmental innovation, we adopt the panel event 
study recently introduced by Callaway and Sant’Anna (2021). It represents a robust econometric model for the 
analysis of the causal impact of policy interventions since it enables testing for the parallel trend assumption, 
thus providing the possibility to check that the treated and control units experience similar dynamics before the 
implementation of the analysed policy. This should allow us to demonstrate that the estimated effect is due to 
the analysed policy discontinuation and not due to other confounding factors. Furthermore, this approach is 
suitable for empirical settings where firms enter the treatment at different years (staggered treatment adop
tion). Finally, it solves some issues of the traditional Difference in Differences (DiD) linear regression, such as 
the ‘negative weight problem’ and the parameters estimation that is particularly sensitive to the group size, 
treatment timing and overall number of analysed time periods (De Chaisemartin & d’Haultfoeuille, 2020; 
Goodman-Bacon, 2021).

In particular, defining Gi as the year in which unit i is treated for the first time (Gi  = year t: ti,t = 1 & ti,t− 1 = 0) 
and Gi,g = 1{Gi = g}, we estimate the average treatment on treated (ATT) based on the following equation:

ATT(g, t) = E
Gg

E[Gg]
∗(Tt − Yg− 1 − mg,t(X))

􏼔 􏼕

(1) 

where ti,t is our treatment variable that is equal to 1 if unit i is treated in year t and 0 otherwise.1 Treated units 
are firms subject to the EU ETS regulatory framework when we aim to estimate the impact of demand-pull pol
icies (yellow area in the left panel in Figure 2). We remove from the treated group those EU ETS firms that are at 
risk of carbon leakage2, meaning that they are established in sectors that may relocate their business activities 
to countries with laxer emission constraints due to the additional costs related to EU climate policies (top grey 
area in the left panel in Figure 2). Since installations in these sectors received during Phase III a free allowances 
allocation equivalent to 100% of the most efficient benchmark (European Commission, 2014), we exclude such 
firms from our analysis. Indeed, free allowances represent compensation for carbon costs that can also be inter
preted as a financial contribution to foster environmental innovation and prevent the transfer of business activi
ties in a different jurisdiction (Juergens et al., 2013; Teixidó et al., 2019). Considering that such support is more in 
the spirit of technology-push policies, we remove firms in carbon leakage sectors when we aim to disentangle 
the impact of demand-pull policies as they are more in line with an example of policy mix. In this scenario, 
control units are represented by EU firms that, over the analysed time frame, were not liable entities under 
the EU ETS scheme and did not receive funds from programmes of financial support such as SCFs and 
H2020 (light red area in the left panel in Figure 2).

Yt is our dependent variable observed in year t, represented by the natural logarithm in the number of cumu
lative patent applications. We employ this variable as the distribution of patents tends to be highly skewed, 
with few firms accounting for the largest number of overall patents (Harhoff et al., 2003; Jaffe et al., 2002). 

1mg,t(X) = E[Yt − Yg− 1|X , C = 1] with C being a binary variable equal to 1 for never treated units.
2For the set of carbon leakage sectors we rely on the list disclosed by the EC and available at the following link: https://climate.ec.europa.eu/eu- 

action/eu-emissions-trading-system-eu-ets/ free-allocation/carbon-leakage_en.
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Under this empirical setting, the ATT can be interpreted as the percentage by which, on average, patent appli
cations of firms under the EU ETS is higher or lower with respect to those of firms that are not subject to this 
regulatory framework.

When we analyse the effects generated by the policy mix, treated units are firms under the EU ETS and 
receiving either SCFs or H2020 funds (green area in the right panel in Figure 2). Control units are represented 
by firms not receiving financial support from SCFs and H2020 but being liable entities under the EU ETS (yellow 
area).3 In all cases, we exclude from the control group also subsidiaries of firms in the EU ETS and of firms receiv
ing SCFs and H2020 funds as potential spillovers may confound our results.

Moreover, when we analyse the impact of the policy mix, as a dependent variable, we consider not only the 
natural logarithm in the number of cumulative patent applications but also employ firms’ carbon intensity, 
defined as the natural logarithm of the ratio between CO2 emissions and total assets, as an alternative proxy 
of environmental performance. Here, the ATT can be interpreted as the percentage by which, on average, 
patent applications or carbon intensity of firms experiencing a policy mix is higher or lower with respect to 
firms that are subject to the EU ETS only.

Since the environmental innovation process might differ across sectors depending on the level of firms’ 
energy intensity, we perform some heterogeneity analyses distinguishing among sectors where firms are estab
lished. In particular, we consider a more general case accounting for firms in All sectors, and then we focus 
specifically on the Manufacturing and Energy sectors. Since our main analysis excludes firms in carbon 
leakage sectors, when we refer to the manufacturing sector, we basically consider Light Manufacturing activities. 
A discussion about the differences in the impact of the policy mix between Light and Heavy Manufacturing 
sectors is reported in Section SM4.

Finally, Xt corresponds to a vector of control variables accounting for a set of financial dimensions. In par
ticular, we consider total assets, intangible assets, financial leverage, long-term debt, current assets and liabil
ities, current ratio, and return on equity (ROE).

Figure 2. The figure shows the treated and control groups when we analyse the impact of demand-pull and policy mix instruments.

3In the base analysis for the policy mix we exclude from both the treated and control groups those firms under the EU ETS that are established 
in carbon leakage sectors. In Section SM4 we perform a robustness analysis where firms under EU ETS in carbon leakage sectors are con
sidered as a case of policy mix.

6 F. SCOTTI ET AL.



We also estimate additional summary measures of the causal impact of the analysed policy. Specifically, 
qdynamic(e) provides information on the average effect of participating in the treatment when firms are observed 
exactly e years away from the start of the treatment. Moreover, qaggregate is an aggregated average of the treat
ment effect across all groups and years, thus summarizing the policy impact over the whole analysed time 
frame. In formula:

qdynamic(e) =
􏽘

g[G

1{g+ e ≤ T}∗P(G = g|G+ e ≤ T)∗ATT(g, g+ e) (2) 

qaggregate =
􏽘

g[G

􏽘T

t=2

w(g, t)∗ATT(g, t) (3) 

where w(g, t) are weighting functions representing the size of each set of units observed in a specific year t and 
belonging to group g. Although the estimator qdynamic(e) allows us to test for the condition of pre-treatment 
parallel trends, before estimating Equation (1), we apply a Propensity Score Matching (PSM) procedure to 
restrict the analysis to a set of firms with similar observable characteristics. This approach should further 
increase the internal validity of our analysis ensuring that we are considering comparable treated and 
control units. We use the same set of variables contained in the vector of control variables Xt introduced in 
Equation (1) to identify comparable treated and not-treated units.

Finally, we are also interested in explaining the mechanism that may drive the additional impact of the policy 
mix with respect to only demand-pull policy on environmental innovation. As stated in Section 2 in the research 
hypothesis RH2b, we suspect that SCFs and H2020 funds trigger additional R&D activities that may contribute to 
generating environmental innovation. For this reason, we apply the following panel regression model:

Yi,t = a+ b∗Intangible Assetsi,t + g∗Xi,t + mi + mt + 1i,t (4) 

where Yi,t is our dependent variable, Intangible Assets is our regressor of interest, Xi,t is the same vector of 
control variables introduced in Equation (1), mi and mt are firm and year fixed effects, and 1i,t is the idiosyncratic 
term.

Section SM1 provides a detailed description of our sample that integrates heterogeneous data sources con
cerning firms variables about environmental, financial and innovation dimensions. Table SM1.1 provides a 
summary of the definition and sources of the different variables employed in our empirical analysis. Table 
SM1.2 reports descriptive statistics. Finally, Tables SM1.3, SM1.4 and SM1.5 show additional details related to 
the set of 2-digits NACE rev.2 sectors covered by our study and disclose descriptive statistics on patents and 
emissions at the sectoral level.

4. Results

In this Section, we show the results of our empirical analysis. More specifically, Section 4.1 investigates the 
impact of demand-pull policies on environmental innovation during Phase III of the EU ETS (RH1). Section 
4.2 analyses how the policy mix contributes to CO2 reduction and green innovation (RH2a). Furthermore, it 
investigates the mechanism through which a combination of technology-push and demand-pull instruments 
could generate better environmental innovation performances in recipient firms (RH2b).

4.1. Demand-pull policies: the impact of EU ETS during Phase III

The EU ETS has a limited positive impact on green innovation when we consider firms in all sectors during 
the time frame 2013–2020 (see Figure 3). Indeed, the ATT aggregate coefficient is positive and statistically 
significant only at a 90% confidence level in our sample for the unconditional case (it is not significant for 
the conditional estimation, see Table SM2.1), thus providing evidence of a limited contribution of such 
policy to the diffusion of clean technologies, in line with Rogge et al. (2011), Schmidt et al. (2012) and Cainelli 
et al. (2020).

CLIMATE POLICY 7



Figure 3. We show the dynamic ATT estimated as described through Equation (2). It shows the impact of EU ETS on patent applications of firms 
entering for the first time in EU ETS during Phase III (2013–2020) when considering All, Light Manufacturing and Energy sectors, respectively.
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However, this finding is the result of heterogeneous effects across sectors. Indeed, we find a significant 
impact of EU ETS on innovation performances of firms established in light manufacturing sectors, experiencing 
a higher patent applications rate between 0.4% and 0.5% with respect to comparable firms that are not subject 
to the same regulation. Interestingly, such effect is not immediate, as the ATT dynamic coefficient tends to 
become significant after 2 years from firms’ entrance into the EU ETS mechanism, with progressive growth 
in the policy impact until year 6. This result is coherent with a vast portion of the literature claiming that inno
vation policies may require time before producing tangible effects and effective solutions (Courvisanos, 2009; 
Prettner & Werner, 2016; Weber & Rohracher, 2012).

This result can be in part explained by the fact that firms established in light manufacturing sectors cannot 
rely on the cost transfer mechanism to avoid a full internalization of carbon costs. Indeed, energy intensive firms 
in the manufacturing sector cannot easily transfer the extra carbon cost on the final output price, due to the 
high level of international competition, high product substitutability and price elastic demand (Clò, 2010; 
Cludius et al., 2020; Guo & Gissey, 2021; Ma et al., 2021). As a consequence, due to the absence of valuable 
alternatives, these firms are likely to include the opportunity costs associated with carbon allowances in 
their investment decisions. Hence, the EU ETS can stimulate these participants to improve efficiency through 
the introduction of new clean technologies fostering carbon abatement.

On the other hand, we do not find a relevant contribution of the EU ETS on environmental innovation perform
ances of firms in the energy sector both in the short- and long-term perspectives, as suggested by never statisti
cally significant coefficients for the aggregate ATT and ATT dynamic coefficients. Such evidence is consistent with 
our research hypothesis RH1 and can be related to the higher possibility of firms in the energy sector implement
ing the cost pass-through mechanism to avoid a negative impact of the carbon price growth on their financial 
results. Sections SM2.1 and SM2.2 report further analyses confirming that the cost pass-through significantly 
affects the impact of demand-pull policies on environmental innovation, focusing on those sub-sectors and 
countries where the empirical evidence provides signals of a lower transfer of carbon extra costs to final users.

Finally, as shown in Table SM2.1, there are no statistically significant coefficients for the ATT dynamic for e ≤ 
0, thus suggesting the absence of pre-treatment trends. This means that our results are not driven by different 
patent application trajectories in the years before the start of the treatment.

4.2. The impact of the policy mix

Figure 4 presents the main results of the joined impact of EU ETS, SCFs and H2020 funds on patent applications 
with respect to firms participating in the EU ETS only. When we consider firms across all sectors, we find that the 
policy mix has a weakly positive impact on environmental innovation, with an aggregate ATT coefficient sig
nificant only at a 90% level of confidence. Consistently, estimates of conditional ATT dynamic coefficients 
are not significant with the only exceptions of years 1 and 2, suggesting that not necessarily a combination 
of policy instruments generates a better environmental innovation outcome.

Estimates conditional on control variables unveil an absence of effects of the policy mix for firms established 
in the light manufacturing sectors, as both the aggregate ATT and ATT dynamic coefficients do not tend to be 
statistically significant. This result is not surprising, when one considers that firms in these sectors experience a 
relevant improvement in their patent applications when they are treated by the EU ETS, as shown in Section 4.1.

Conversely, we find a strong and significant impact for the energy sector, with EU programmes of financial 
support increasing patent applications between 1.4% and 2.2%. Consistently, all coefficients between year 0 
and year 6 are positive and statistically significant, confirming the capability of the policy mix to stimulate 
environmental innovation in the energy sector.

Interestingly, the magnitude of the coefficients tends to progressively increase in the years after firms start 
receiving these funds, suggesting that they create long-term positive effects that require some years before 
generating a more intensive and effective innovation. Our results do not suffer from pre-treatment trends, 
as the ATT dynamic coefficients for e ≤ 0 are not statistically significant. Furthermore, as most of the estimates 
of qgroup(g) and qcalendar(t) shown in Table SM3.2 are homogeneous, we can conclude that our results are not 
significantly dependent on innovation performances of firms entering the treatment in a specific year, neither 
they are driven by patent applications growth observed in a specific year.
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Figure 4. We show the dynamic ATT estimated as described through Equation (2). It shows the impact of policy mix on patent applications of 
firms entering for the first time in EU ETS during Phase III (2013–2020) when considering All, Light Manufacturing and Energy sectors, 
respectively.
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In a second step, we verify the robustness of our results using as an alternative dependent variable the log
arithmic ratio between CO2 and total assets. Figure SM3.1 highlights effects that are largely consistent with our 
estimates on patent applications.

Indeed, we find that the policy mix fosters the sustainability transition in the energy sector with a reduction 
of carbon intensity between 0.1% and 1.4%. ATT dynamic coefficients are statistically significant at all years 
between 0 and 6, and the progressive increase in the magnitude of the coefficients potentially suggests 
long-term effects. Such results are coherent with RH2a and can be motivated by the low impact that the EU 
ETS mechanism alone has on firms established in the energy sector due to, e.g. possible cost pass-through prac
tices. Conversely, we find evidence that when these firms receive financial support for financing R&D activities 
with environmental purposes, they significantly increase both patent applications and reduce CO2 emissions. 
This result is consistent with previous evidence obtained by Lehmann and Gawel (2013) highlighting the effec
tiveness of a policy mix where support schemes for electricity generation from renewable energy sources (RES- 
E) complement the EU ETS to mitigate climate change. Indeed, in the absence of adequate financial support, the 
EU ETS may provide limited signals in favour of clean technological development, with green innovation that 
may be mainly driven by technological spillovers (Grubb & Ulph, 2002).

Notice that these effects do not explicitly take into account the impact of potential new clean technologies 
developed in sectors and countries not covered by the EU ETS that may contribute to reducing the carbon 
intensity of our analysed set of firms. This is in line with current literature, where the link between environ
mental performance and technological innovation is well established, but still, few empirical works are able 
to account for such spillovers in their causal framework analysis (Carrion-Flores & Innes, 2010; Corradini 
et al., 2014). Although we do not include an indicator mapping potential innovation spillovers, our causal 
framework analysis is designed to reasonably capture the impact of the specific analysed combination of 
demand-pull and technology-push instruments. Indeed, our study is based on a robust DiD, netting out alterna
tive common confounding factors such as innovation dynamics in different sectors and countries affecting in a 
similar way treated and control units in the pre-treatment time window and during the treatment period. Fur
thermore, the presence of parallel trends and the low variability of group and calendar years coefficients (see 
qcalendar(t) and qgroup(g) in Table SM3.3) confirm that our results are stable and not driven by specific techno
logical breakthroughs occurring outside the EU ETS perimeter.

Section SM4 performs a specific analysis for firms subject to the policy mix (EU ETS and SCFs or H2020 funds) 
in carbon leakage sectors. This allows us to analyse not only the Light but also the Heavy manufacturing sectors. 
Our results are in line with the evidence provided in Figure 4 and SM3.1 when we considered the light man
ufacturing sectors not included in the carbon leakage sectors. Conversely, we find that SCFs and H2020 
have a strong effect both in terms of growth in patent applications and CO2 emissions reductions for heavy 
manufacturing sectors (see lower panels in Figures SM4.1 and SM4.2). This result suggests that in particularly 
carbon-intensive sectors, where environmental innovation may require relevant investments, free allowances 
may not adequately support firms’ sustainability transition, while financial support, such as SCFs and H2020 
funds, may be helpful to stimulate better environmental performances (Bataille, 2020; Nilsson et al., 2021; 
Tanaka, 2011).

We further discuss the extent to which the analysed set of policy interventions may contribute to achieving 
the environmental targets established by the European Commission. The upper panel in Figure SM5.1 shows a 
different dynamic in terms of carbon intensity between energy firms under the EU ETS and those subject to the 
policy mix. We observe that firms experiencing a combination of technology-push and demand-pull policies 
display a stronger reduction of the logarithm of the ratio between CO2 emissions and total assets (−0.35% 
vs. −1.12%). Notice how the magnitude of the difference between the carbon intensity dynamic of the two 
groups (around −0.77%) is very close to the qaggregate obtained from the model shown in Figure SM3.1 and 
equal to −0.75.

EU ETS firms are required by regulators and stakeholders to design appropriate actions to contain carbon 
emissions (Hoffman, 2005; Kolk & Pinkse, 2005; Laing et al., 2014), with those investing in low-carbon projects 
that tend to benefit from financial incentives, the containment of long-term operational costs and the commit
ment with the existing regulation, while high-polluting firms appearing more exposed to future environmental 
liabilities (Busch & Hoffmann, 2011; Reinhardt & Stavins, 2010). As discussed in Flori et al. (2024), firms with 
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lower emissions intensity are associated with higher financial performances, while those showing limited 
financial resources may find cap-and-trade schemes difficult to manage. Forms of financial subsidies could 
be of support, e.g. for the latter firms to improve their environmental performance within the EU ETS.

Based on such consideration, we simulate the total savings in terms of CO2 emissions due to the policy. 
Saved emissions are computed assuming that the set of firms under the policy mix would experience a 
carbon intensity following the same pattern observed for energy firms receiving neither SCFs nor H2020 
funds over the period 2014–2020. Overall, we obtain savings equal to about 175 million tonnes of CO2 emis
sions. Such a figure corresponds to a reduction equal to 2.2% with respect to total emissions produced by 
energy firms under the EU ETS during Phase III.

This is particularly relevant considering that based on Eurostat estimates, the energy sector contributed 
19.1% of total GHGs emissions in 2020, second only to the manufacturing sector (21.9%).4 Extant literature 
has discussed the extent to which countries should reduce their total emissions to comply with alternative 
environmental scenarios (Den Elzen et al., 2019; Roelfsema et al., 2020; Rogelj et al., 2016). For instance, as dis
cussed by the European Commission (2020) and Pisani-Ferry and Mahfouz (2023), EU countries need to accel
erate their carbon abatement rate from the current −1.3% experienced over the period 2005–2019 to −2.7% to 
achieve the target of reducing GHG emissions by 55% by 2030 relative to 1990 levels. Similarly, E3Mlab and 
IIASA (2016) and Fragkos et al. (2017) developed policy scenarios to satisfy 2030 climate objectives and 
carbon neutrality by 2050 with alternative targets in terms of energy efficiency, highlighting how nationally 
determined contributions (NDC) should be translated into yearly reduction rates of GHG emissions between 
−3.5% and −2.2% for EU28 countries. Liu and Raftery (2021) highlight that at the global level the country- 
based emission rate should decrease from the current −1.0% to −1.8% to keep global warming below 2 
degrees by 2100. Although estimates of the annual emissions reduction rate at the country level based on 
the severity of the considered scenarios tend to be typically in the range between −7.6% and −1.0% and 
our results cannot be immediately translated in a measure comparable with these figures (since we are 
considering only a subset of produced CO2), our estimates indicate that the policy mix seems to significantly 
contribute to fostering carbon abatement, especially for high emitting firms.

4.2.1. The mechanism of the policy mix
As a final step, we investigate a simple mechanism that may induce recipient firms of programmes of financial 
support to have better environmental performances. Since we find a positive effect of SCFs and H2020 funds on 
firms in the energy sector, we restrict this analysis to them. We assume that such funds may be allocated to 
activities related to R&D that may foster patent applications and CO2 emissions reduction. We then estimate 
the panel fixed effects model described in Equation (4). Our results provide evidence of a positive relationship 
between intangible assets and environmental innovation, with a 1% growth in intangible assets associated to 
0.4% raise in patent applications. Consistently, we find that an increase in intangible assets contributes to a sig
nificant reduction of CO2 emissions with an elasticity equal to −0.2 (Table 1).

These results support our research hypothesis RH2b and are coherent with other studies identifying public 
subsidies as relevant instruments to alleviate financial constraints and trigger R&D activities and potentially 
environmental innovation (Bocken, 2015). In a society that is emphasizing the need for a sustainability tran
sition, it is reasonable to find that SCFs and H2020 mainly contribute to R&D activities connected with 
climate change, environmental innovation and carbon abatement.

We further analyse this mechanism by observing the pattern of intangible assets for treated and not-treated 
units over the analysed time frame. To do so, we divide treated units with respect to the year in which they start 
to receive funds and we compare the distribution of intangible assets of beneficiaries of SCFs and H2020 funds 
with that of control units before and after the start of the treatment. As shown in Table SM6.1 and Figure SM6.1 
through a set of t-tests, we find that in the majority of cases, treated and not-treated firms experience compar
able amounts of intangible assets in the years before the treatment, while firms recipient of SCFs and H2020 are 
characterized by higher levels of intangible assets after the allocation of such programmes of financial support. 

4Data on GHG emissions by sector can be downloaded at the following link: https://ec.europa.eu/eurostat/databrowser/view/env_ac_aigg_ 
qcustom_10255905/default/table?lang=en.
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These results provide evidence that SCFs and H2020 do not crowd out other investors as they are employed to 
invest in additional R&D projects and not just as alternative ways of financing existing initiatives (Garcıa- 
Quevedo, 2004; González et al., 2005; Mairate, 2006).

5. Conclusions

This paper disentangles the impact of alternative combinations of policy instruments on environmental per
formance. We find that EU ETS participation has heterogeneous effects across firms in different sectors. For 
instance, we find that the EU ETS stimulates higher patent applications between 0.4% and 0.5% in the light 
manufacturing sector, while it does not significantly impact on the energy sector.

Furthermore, we find evidence that direct measures of financial support devoted to green innovation initiat
ives do not automatically imply better environmental performances, suggesting that the one-size-fits-all 
approach is not effective. Indeed, SCFs and H2020 funds do not generate additional benefits with respect to 
the EU ETS policy for the light manufacturing sector. Conversely, the policy mix contributes to raising patent 
applications between 1.4% and 2.2% and reducing CO2 emissions over total assets between 0.7% and 0.8% 
in the energy sector, as it may effortlessly implement the cost transfer mechanism. Moreover, firms in the 
energy sector under the policy mix achieve a carbon intensity reduction that is 0.75% larger than firms 
under the EU ETS mechanism only. This means that the policy mix contributed to a significant reduction of 
total emissions produced by EU ETS energy firms during Phase III.

We also show that the policy mix could be particularly effective for Heavy Manufacturing firms that may require 
relevant financial resources to promote environmental innovation. For these firms the EU ETS participation, even if 
combined with free allocated allowances, might therefore not adequately foster environmental innovation.

These findings can help evaluate possible channels that may support the achievement of EU climate targets. 
For instance, according to the European Environmental Agency (2023), projections for 2030 based on ‘with 
existing measures’ (WEM) or ‘with additional measures’ (WAM) scenarios point to emissions that are 55% or 
59% below the level of 2005, with the energy sector contributing for almost half of the emissions (Zaklan, 
2023) and expected to account for most of the projected reductions through the switch from coal to gas 
and renewables in the fuels combustion.

Table 1. The impact of intangible assets on patent applications and CO2 emissions.

Dependent variable:

Patents CO2 emissions

Intangible Assets 0.432*  
(0.221)

−0.205*  
(0.116)

Total Assets 0.164  
(0.137)

−0.120  
(0.140)

Financial Leverage −0.007  
(0.028)

−0.046***  
(0.017)

Long Term Debt −0.057*  
(0.030)

−0.062*  
(0.037)

Shareholders Funds −0.170  
(0.120)

−0.105  
(0.081)

Current Assets 0.036  
(0.040)

0.042  
(0.051)

Current Liabilities 0.007  
(0.068)

0.009  
(0.071)

Current Ratio 0.012  
(0.018)

0.008  
(0.013)

ROE 0.001  
(0.002)

0.008  
(0.006)

Observations 1,078 924
Adjusted R2 0.360 0.250

Standard errors are reported in parentheses. *p − value < 0.10, **p − value < 0.05, ***p − 
value < 0.01.
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Finally, we provide some intuitions on the mechanism explaining why the combination of programmes of 
financial support and demand-pull policies may be beneficial for better environmental performance. Consistent 
with the literature on the impact of public finance on innovation, we show that SCFs and H2020 funds crowd in 
additional investments and catalyse R&D activities, contributing to an increase in patent applications and a 
reduction in CO2 emissions. Our results contribute to the literature about market factors that affect the 
impact of complex combinations of policy instruments (Acemoglu, 2002; Acemoglu et al., 2012; Acemoglu 
et al., 2014; Acemoglu et al., 2016; Aghion et al., 2016), showing how the policy mix might be relevant for 
the sustainability transition through an efficient use of public financial resources.

Overall, our paper fuels the discussion about factors stimulating environmental technological change 
(Acemoglu et al., 2012; Acemoglu et al., 2014; Aghion et al., 2016). We show that the possibility to implement 
mechanisms reducing a full internalization of carbon costs can affect the optimal combination of policy 
instruments. Indeed, while demand-pull policy instruments significantly affect the environmental innovation 
of firms with limited cost pass-through options, financial support appears necessary to significantly improve 
the environmental innovation and foster carbon abatement of firms that can transfer the cost of allowances 
to final users.

Our research has some limitations. For instance, our work merges heterogeneous data sources to empiri
cally test for the impact of specific policy combinations that were not previously investigated by the avail
able literature. However, this data integration process may have led to exclude some relevant firms that we 
were not able to match across the different datasets. Furthermore, our analysis focuses on the policy mix 
impact in the period 2014–2020, thus covering a medium-short time frame that is not able to capture 
long-term innovation dynamics induced by the EU ETS, SFCs and H2020 funds. Finally, future research con
nected with this work may try to further investigate the design and development of environmental inno
vation trying to explicitly take into account potential innovation spillovers from sectors and countries 
not covered by the EU ETS.
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