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The energy transition is characterized by decarbonization, decentralization, and digitalization trends in the
electricity sector, increasing the demand for novel technologies and innovation. Nevertheless, there are still
challenges in the electricity sector to provide proper innovation incentives, often attributed to the slow tech-
nological dynamics of the sector and its regulated nature. As a response to insufficient levels of innovation,
numerous European countries introduced innovation-stimuli regulations in the electricity sector during the
second half of the 2000s. To evaluate the impact of these regulations on innovation, we employed a difference-in-
differences (DiD) model on a panel data set with 21 European countries covering the period from 1991 to 2016,
using patents as a dependent variable. In addition to the canonical DiD, we performed group-specific treatment
effects to estimate the difference among the “early adopters” and “late adopters” countries of innovation-stimuli
regulation. We find that the introduction of innovation-stimuli regulation has positively impacted patenting
activities in the electricity sector, especially among the “early adopters”. These results suggest that innovation-
stimuli regulation can be an important regulatory tool to foster further innovation that is required to complete

the energy transition.

1. Introduction

The energy transition requires substantial technology improvements
from the power sector to ensure green and reliable electricity for a
continuously growing world economy. However, studies highlight the
limitation of market forces to provide the necessary incentives for in-
vestment in the development and diffusion of technologies that support
more sustainability in the electricity sector (Popp, 2019). In this context,
the literature reveals the necessity of specific regulations to foster
innovation, especially in the electricity sector (Cambini et al., 2016b;
Cambini et al., 2020; Blind, 2012).

These regulations are essential in the electricity sector due to its
market structure, characterized by high levels of vertical integration,
network externalities, and market failures. These characteristics deter-
mine the presence of regulatory authorities responsible for establishing
the electricity firms’ competition conditions, profit level, and service
quality (Polemis and Tselekounis, 2021). Consequently, the sector’s
business activity is shaped by regulatory requirements to a larger degree
than in other sectors (Baldwin et al., 2012).

Besides the mentioned existing regulations in place, a new type of

regulation focusing on directing electricity companies’ expenditure on
research, development (R&D), and innovation have gained prominence
across different countries, especially in Europe (Cambini et al., 2016a;
EURELECTRIC, 2016; Haffner et al., 2019; Cambini et al., 2020). This
initiative was motivated by the acknowledged slowdown in innovation
rates and intended to change the sector’s technological dynamic char-
acterized by elevated investment costs, which are highly specific, long
maturing, and dependent on suppliers, particularly the equipment
manufacturers (Pavitt, 1984; Miozzo and Soete, 2001).

These new regulations have been called “innovation-stimuli” regu-
lations as they focus on fostering experimentation and adopting tech-
nological and innovative solutions in the electricity network to favor a
more sustainable and cost-efficient service (EURELECTRIC, 2016;
Cambini et al., 2016b). Currently, the “innovation-stimuli” regulations
target smart grids (SG) and efficiency technologies (Crispim et al.,
2014). So far, there is little research on these innovation-stimuli regu-
lations, the exception being Cambini et al. (2020), Haffner et al. (2019),
Cambini et al. (2016b), and Marques et al. (2014). Most of this literature
is descriptive (EURELECTRIC, 2016; Haffner et al., 2019), apart from
Cambini et al. (2016b), who performed a quantitative analysis and
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found a positive effect of the “innovation-stimuli” regulations on in-
vestments allocation. However, the study lacks to explore the regula-
tions’ effect on innovation outcomes.

To address this gap, we contribute to the literature by first catego-
rizing the stimuli policies of 21 countries and then investigating its ef-
fects on patenting activity in the electricity sector by employing a
difference-in-differences design. Therefore, we constructed our dataset
based on the dispersed literature about innovation-stimuli regulations
implemented by the European countries and categorized them using
references from Cambini et al. (2016a) and Jamasb et al. (2021). After
testing the stimuli-innovation regulation, we find a positive impact of
these regulatory tools on innovation outputs in the electricity sector
using a two-way fixed effects specification that accounts for the time
differences in adopting the regulation.

To decompose the impact and test for additional robustness of our
results, we employ the novel group-time treatment effects approach
from Callaway and Sant’Anna (2020) and a Zero-Inflated Poisson model.
The results confirm the positive average impact from the main specifi-
cation, but the decomposition shows that for the late-adopter countries
with lower patenting activity, the regulatory change does not have the
same average impact. Our findings advance the discussion of innovation
dynamics in regulated sectors and the role of the regulatory tools in
enabling the energy transition.

The study proceeds as follows. Section 2 reviews the literature on
innovation-stimuli regulations and their definitions in the electricity
sector. Section 3 describes the methodology, outlining the procedure
employed for the country’s assignment to the treatment and control
group and the variables and econometric specification. Section 4 pre-
sents the main findings and robustness checks. Finally, we discuss the
results and conclude by providing the policy implications of the find-
ings, along with the limitations and future research suggestions.

2. Literature review

The electricity sector has been subject to different waves of regula-
tive reforms that led to an increasing liberalization of the sector regu-
lation during the second half of the 20th century. In the 1960s, the
public control of electricity provision was criticized for inefficiencies
and the underperformance of the services provided. This perspective
was supported by Averch and Johnson (1962), which revealed that the
ongoing structure of price incentives led natural monopolies sectors to
overinvestments, and scarce incentives to modernize and increase the
service and economic performance in the sector (Baumol, 1967; Bailey,
1974).

Therefore, in the 1980s, a movement toward deregulation, privati-
zation, and unbundling in the electricity sector was initiated. This
movement entailed to shift the sector control from the public to private
providers, arguing that private firms would intensify efficiency and
productivity levels in the sector, given their intrinsic impulse toward
increasing earnings (Meletiou et al., 2018). To achieve these goals, it
was implicitly expected that fostering investments in research and
development (R&D) would subsequently enhance innovation outcomes
(Jamasb and Pollitt, 2008).

However, the empirical evidence on the effects of liberalization on
innovation outcomes is mixed. Some studies indicate that liberalization
led to less and more short-term focused research and development in the
electricity sector (Poudineh and Jamasb, 2015). Complementary to this
finding, Cambini et al. (2016a) show that firms in the sector had more
incentives to acquire innovation externally from specialized technology
suppliers. Other studies reveal limitations of the liberalization process —
related to decreasing levels of regulation - in fostering innovation,
which means that countries may suffer from a possible stagnation in
innovation after achieving a certain liberalization level threshold
(Marino et al., 2019). Moreover, Marino et al. (2019) showed positive
effects on innovation in countries that, on average, had experienced a
relatively weak reform process and a negative impact in countries which
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experienced a more drastic liberalization process.

Bauknecht (2011) argues that the current regulation lacks incentives
for electricity companies because failing to reduce the risks and addi-
tional costs associated with innovation investments. This is primarily
because the regulatory lag' is too short to benefit companies from the
financial results of R&D efforts. Moreover, the literature argues that
specific innovation-stimuli regulation can offer adequate incentive to
foster innovation in the sector (Poudineh and Jamasb, 2015; Cambini
et al., 2016a; Cambini et al., 2016b).

In this context, the innovation-stimuli regulations constitute a reg-
ulatory tool that started to be applied in several European countries to
explicitly foster research, development, and innovation activities in the
electricity firms, as stated in reports of the federation for the European
electricity industry — EURELECTRIC (2016) and of the European Com-
mission (Haffner et al., 2019). According to Pollitt et al. (2021), the
innovation-stimuli regulations have a more “downstream” level policy
nature since they focus on electricity firms’ industry learning through
the endeavor of experimenting and introducing innovations, particu-
larly targeting SG and efficiency technologies (Crispim et al., 2014).

These technologies are associated with investments in the interaction
of transmission and distribution networks to allow intelligent commu-
nication monitoring and management systems network, increasing the
reliability and reducing energy costs (Marques et al., 2014). Particularly,
the SG in the energy transition mitigates the increasing volatility pro-
duced by the renewable energy production sources (Lamnatou et al.,
2022) because it supports advanced control devices and algorithms to
analyze the grid conditions, and it conducts appropriate corrective ac-
tions to prevent outages and power quality disturbances. In addition, the
SG creates new interfaces and decision support tools by enabling the
communication between customers and electricity providers, which al-
lows automatic collection of billing data, faster detection of an outage,
and fault location (Luthra et al., 2014).

SG faces many obstacles that prevent its broad adoption by electricity
firms. Luthra et al. (2014) and Costa et al. (2017) argue that the imma-
teriality, performance uncertainties, and high coordination complexity,
constitute major barriers that hinder SG deployment and maturation
because they increase firms’ financial risk. To circumvent these obstacles,
Luthraetal. (2014) defend the necessity to modify the utilities regulatory
mechanism to encourage investments in SG technologies installations.
Complementarily, Costa et al. (2017) suggest initiatives for trans-
formational activities, such as R&D, pilot projects, and initial deploy-
ment, which are capable of reducing technical uncertainties and
accelerating the commercialization of this less mature technology.

These studies endorse the limitations of the existing regulatory
schemes, “cost of service” and “incentive regulations”, to properly foster
R&D in the electricity sector (Egert, 2009). Notaby, the “cost of service”
regulations are known for leading to an inefficient operation of the
services because it incentivizes overinvestments (Averch and Johnson,
1962), and “incentive regulations” lack in providing targeting incentives
to reduce the risks and additional costs associated with innovation ini-
tiatives and investments (Bauknecht, 2011).

Cambini et al. (2016b) empirically verified how different price reg-
ulations — cost-based, incentive-based, and hybrid regulations — attrac-
ted more SG investments and discovered that specialized innovation-
stimuli regulations increased investments in SG. On a theoretical level,
the benefits of innovation-stimuli regulations application to foster SG,
and efficiency in the European electricity sector, were debated by
Marques et al. (2014), Costa et al. (2017), and Crispim et al. (2014). To
sum up, despite the empirical and theoretical support that innovation-
stimuli regulations might incentivize innovation in the electricity
sector, no study evaluated the impact of these regulations on innovation
output. In the following, we aim to fill this gap in the literature by

! The regulatory lag refers to the regulator’s time to adjust the utility costs
and revenues.
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providing empirical evidence of the effects of innovation-stimuli regu-
lation in the European context.

3. Methodology
3.1. Dependent variable: patents

To measure the effect of innovation-stimuli regulation on innovation
efforts, we use patents as our dependent variable. Patents constitute a
widely employed proxy of technological innovation performance since it
allows to distinguish between different types of R&D (Hascic and
Migotto, 2015). In previous studies discussing regulation and innovation
in the electricity sector, patents were used as a proxy to analyze tech-
nological development (Cambini et al., 2016a; Marino et al., 2019).

Popp (2019) affirms that patents constitute a suitable indicator of
R&D activity, since they measure the innovation output, and simulta-
neously provide a good indicator of R&D activity which constitute an
input perspective. Nonetheless, we acknowledge that patents remain an
imperfect indicator of innovation, as not all patents lead to technology
adoption and patents are at times exclusively used to block competitors
rather than to protect new products and processes (Cohen et al., 2000).

Despite the mentioned drawbacks, we use the “Y02” classification
system from the Cooperative Patent Classification (CPC).” More specif-
ically, we selected the YO2E40 class which refers to “Technologies for an
Efficient Electrical Power Generation, Transmission or Distribution”
(Table A1 in Appendix A) and we retrieved the data from the Organi-
zation for Economic Co-operation and Development (OECD) database,3
which accounts for the patents application based on the priority date
(first application worldwide) by inventor country. According to De
Rassenfosse et al. (2013), these data specifications ensure comparability
between countries, especially among EU countries. The data is of frac-
tional form, meaning that when the patent has inventors from multiple
countries, and the respective share of inventors is allocated to each
country.

The YO2E classification scheme has been recently broadly applied to
better support patents identification (Costantini et al., 2017; Bel and
Joseph, 2018; Hille et al., 2020) because retrieves information related to
climate change mitigation technologies and SG (Veefkind et al., 2012;
Calel and Dechezlepretre, 2016; Popp, 2019). In our case, the YO2E40
selection targets transmission and distribution technologies that support
electricity system stability and efficiency by improving voltage regula-
tion, balance, sharing lines, and SG. This allows a two-way flow of
electricity and digital communications technology. Therefore, the
Y02E40 classification was preferred given the innovation stimuli-
regulation focus (Cambini et al., 2016a; EURELECTRIC, 2016; Haffner
etal., 2019; Cambini et al., 2020), and convergence with the SG patents.
Simultaneously, restricting to a more narrow patent class mitigates the
potential internal validity risks that could emerge from other policies in
place by the analyzed countries.

3.2. Treatment

Our treatment variable is the innovation-stimuli regulation (RDI)
which constitutes a dummy variable coded as one when country i has an
innovation-stimuli regulation in place at year t and zero otherwise.

The empirical analysis comprises 21 European countries and covers
the period from 1991 to 2016. Countries selected for this study were first

2 The CPC is an extension of the IPC and is based on specific technology
groupings joint by common subject matter. This classification scheme was
developed by the European Patent Office (EPO) and the United States Patent
and Trademark Office (USPTO).

3 The records on patent data from OECD database rely on the Worldwide
Statistical Patent Database (PATSTAT) maintained by the European Patent
Office (EPO).
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classified into two groups based on the innovation-stimulus initiatives in
the European electricity sector identified by Haffner et al. (2019). Then,
we organized the country-level innovation-stimulus mechanisms into
four different categories: (a) explicit, (b) implicit, (c) no reference, and
(d) no evidence.

From this selection, we used (a) as the treatment group and (b), (c),
and (d) as the control group. More specifically, we chose countries with
an explicit reference to concepts linked to investments in innovation in
the electricity sector in their national or sectorial legislation. Data on
innovation-stimuli regulations features of each country was obtained
through existing literature on the subject and websites, reports, norms,
and laws available from the websites of governments and regulatory
authorities.

Table 1 presents additional information regarding the regulatory
authority, the innovation-stimuli regulation, its year of implementation,
the level of application, being either at the level of Transmission System
Operators (TSO) and/or Distribution System Operators (DSO), as well as
the different types of incentive mechanisms. It is important to highlight
that the adoption of different innovation-stimuli regulation mechanisms
illustrates the adaptation strategy of the national regulatory authority in
shaping this regulatory tool to the realities of their domestic electricity
sectors (EURELECTRIC, 2016). Furthermore, the increasing number of
EU countries implementing the innovation-stimuli regulations is related
to guidelines published by the European Parliament and the Council,
recommending the promotion of energy efficiency by the EU Member
States’ regulatory authorities to develop innovative pricing formulas, or
introduce smart grids, when appropriate.”

In the regulatory landscape analyzed, we identified four different
types of approaches to foster innovative initiatives in the electricity
sector and to classify them, we proposed four different categories based
on previous studies from Cambini et al. (2016a) and Jamasb et al.
(2021): (a) Innovation Allowance for Network Operator; (b) Funding for
Projects; (c) WACC-based approach; and (d) Revenue, Incentives,
Innovation, and Outputs (RIIO). The following paragraphs detail them.

The most common of these approaches is the “Cost-pass through”
found in the following countries: Belgium, Finland, France, Germany,
Norway, and Portugal. In these countries, the regulated companies —
TSO and DSO - can pass on the R&D project expenses, originally
partially funded by public subsidies, directly to the customers. The
amount of subsidy per firm has a ceiling based on the revenue acquired
in that specific year. These expenditures are beforehand approved by the
regulatory authority or governmental body.

The second most used approach, “Funding for Projects” is applied
by Denmark, Ireland, and Sweden, in which R&D projects are pro-
posed by private companies and universities and granted funding to
develop and demonstrate new and innovative energy technologies.
These fundings focused on research and development activities aiming
to develop and improve environmentally friendly and energy-efficient
transmission and distribution technologies.

One country-specific approach is the “WACC-based approach”
employed by Italy, which refers to an additional incentive based on the
weighted average cost of capital (WACC). In this case, the support for
innovative projects is given by the Italian Regulatory authority for
electricity, gas, and water (AEEGSI) through a WACC premium of 2% for
12 years to support Smart Grids, integration of distributed generation
and conversion, and storage systems.

Lastly, in 2005 the United Kingdom (UK) was the first country to
institute an innovation funding incentive. In an earlier version of this
fund, the regulation would establish financial assistance on cost eligible
to up to 0.5% of the company’s revenue on R&D projects (Jamasb and
Pollitt, 2011). In 2010, the UK intensified its incentives through the
Revenue, Incentives, Innovation, and Outputs (RIIO), which

4 Directive 2009/72/EC and 2012/27/EU from the European Parliament and
of the Council.
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Table 1
Countries in the Treatment and its innovation-stimuli regulation.
Country Regulatory authority Innovation-stimuli regulation Year DSO/TSO Incentive
mechanism
Belgium Commission for Electricity and Gas Regulation (CREG) Article 12 § 2 of the Electricity Law 2014 TSO Cost-pass through
Denmark Danish Utility Regulator (DUR) and the Danish Energy Act on EUDP of 22 December 2010 2010 TS0 and Funding for Projects
Agency (DEA) DSO
. . . TSO and
Finland Energy Authority (EA) Electricity Market Act (588/2013) 2013 DSO Cost-pass through
France Commission de Régulation de I'Energie (CRE) Tarif d'utilisation du réseau public d'électricité 2014 DSO Cost-pass through
(TURPE) 4
. . TSO and
Germany Bundesnetzagentur (BnetzA) Incentive regulation 2007 (ARegV) 2007 DSO Cost-pass through
- . . TSO and . .
Ireland Commission for Regulation of Utilities (CRU) CER/15/295 and CER/16248 2016 DSO Funding for Projects
Italian Regulatory authority for electricity, gas, and water . . TSO and WACC-based
Italy (AEEGS) Deliberazione ARG/elt 39/10 2010 DSO approach
Norway Norges vassdrags- og energidirektorat (NVE) Energy Act (n. 50 of 1990) 2013 DSO Cost-pass through
Portugal Entidade Reguladora dos Servicos Energéticos (ERSE) Regulamento n. 496/2011 2012 DSO Cost-pass through
Sweden Swedish Energy Markets Inspectorate (Inspectorate) Ordinance n. 761/2008 2008 TSO Funding for Projects
U.n ited The Office of Gas and Electricity Markets (Ofgem) Innovation Funding Incentive (IFI) 2005 2005 T8O and RIIO
Kingdom DSO
LEGEND
Treated — jgl _—
e . g7 <\\\_ — ,r’z \\ ~—
- Control y p > =
N W)

Ay

Fig. 1. Spatial representation of the countries in treated and control groups.

stimulates high technological and risky initiatives through three
different mechanisms: Network Innovation Allowance (NIA), Network
Innovation Competition (NIC), and Innovation Roll-out Mechanism
(IRM).

The NIA constitutes a revenue allowance between 0.5%-1% of base
revenues for each company to finance small R&D and demonstration
projects. The NIC is a competition to select large development and

demonstration projects performed by TSOs and DSOs. The IRM refers to
an incentive only allowed to be funded if the roll-out of trialed in-
novations presents environmental benefits and provides value for con-
sumers (Ofgem, 2021).

To the best of our knowledge, the other following countries in our
sample: Austria, Estonia, Greece, Netherlands, Poland, Portugal, Slovak
Republic, Spain, Turkey, and Switzerland lacked explicit innovation-
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stimuli regulations and therefore were allocated to the control group.
Fig. 1 presents the countries on our sample that were allocated in
treatment and control group.

3.3. Control variables

To control for any remaining time-varying differences across units
after controlling for time and unit-fixed effects, a difference-in-
difference in differences (DiD) estimation can be enhanced through
the inclusion of additional control variables (Card and Krueger, 1994).
The inclusion of relevant controls can strengthen the equal trends
assumption, which is the key assumption for DiD, and improve the
precision of the treatment effect estimation. Prior to the selection of our
final specification, we tested the relevance of variety of such control
variables for which an ex-ante inclusion would potentially be justified
due to a theoretical link between these variables and our outcome
variable.

First, we selected research, development, and demonstration
(RD&D) budget (Budget), and R&D personnel (Personnel) as input in-
dicators of innovation process. Both variables were retrieved from the
IEA, OECD, and EUROSTAT databases. The energy technology RD&D
budget encompasses research, development, and demonstration expen-
ditures related to the production, storage, transportation, distribution,
and rational use of all forms of energy from the public and private
sectors. We considered RD&D Budget as it is likely to influence the
overall inventive activity (Dechezlepretre et al., 2011). The R&D
personnel refers to full-time personnel allocated to R&D activities in
“electricity, gas, steam, and air conditioning supply”, since there is no
information disaggregated by country and year exclusively focusing on
electricity RD&D personnel. At the same time, a report from Czako
(2020) demonstrates that in the category “electricity, gas, steam, and air
conditioning supply”, electricity-related activities corresponded for
more than six times more jobs than the other two categories each.

Other independent variables considered were market regulation in
the electricity sector (Market reg), and electricity consumption (Elec_-
consum). We include the former variable to control the level of product
market regulation, which is a proxy for the liberalization process in the
electricity sector in the different EU countries, and the later to account
for major macroeconomic effects related to the national electricity
sector (Cullmann and Nieswand, 2016). The market regulation indicator
of the electricity sector was developed by OECD in their Product Market
Regulation dataset (Conway et al., 2006; Koske et al., 2015). This in-
dicator measures the regulatory intensity of anti-competitive regulation
through an Index (0-6) based on entry regulation,” public ownership,°
vertical integration,” and market structure.® This index is broadly used
in studies dealing with the interface of regulation and innovation and
there is an intense discussion in the literature regarding the influence of
the regulation level on the countries’ overall stimuli to innovate (Cam-
bini et al., 2016a; Marino et al., 2019),” for this reason we decided to

5 The Entry Regulation is measured by the terms and conditions of third-party
access to the electricity transmission grid determined - the degree of liber-
alization of the wholesale market for electricity and the minimum consumption
threshold that consumers must exceed to choose their electricity supplier.

6 The Public Ownership measures the ownership structure of the largest
companies in the electricity industry’s generation, transmission, distribution,
and supply segments.

7 The Vertical Integration measures the degree of vertical separation between
the transmission and generation segments of the electricity industry and the
degree of vertical integration in the electricity industry.

8 The Market Structure measured the market share of the large companies in
the sector. In this index, low values indicate lower levels of regulation and
probably higher levels of competition. In contrast, high values are associated
with a less competitive and more closed market.

9 Given the discontinuity of the index between 2013 and 2018, we employed
a time series developed by OECD to connect both years (Vitale et al., 2018).
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control this aspect.

Finally, we also considered electricity consumption to accounts for
potential differences in the growth of the domestic electricity con-
sumption, which may influence innovation incentives (Churchill et al.,
2021). Here we used the sum of gross production, imports, and sub-
traction of exports and losses, expressed in terawatt-hour (TWh). Ac-
cording to Giest (2020), the increase in electricity consumption
constitute a significant factor that encourage the use of smart meters and
technologies, and is a common variable employed in this type of model
(Hille et al., 2020; Cambini et al., 2016a). Lastly, we also had considered
gross domestic product (GDP), which controls for the size of the coun-
tries and ensure the comparability of the patent output between the EU
countries (Polemis and Tselekounis, 2021), however due to multi-
collinearity problems it was excluded from our model.

After performing sensitivity test to assess the significance of all these
independent variables (the results are on Table B1 in Appendix B), we
decided to keep only the variable RD&D Budget, as this is the only co-
variate that was consistently significant across different specification
and we want to avoid an overparametrization of our model through the
inclusion of non-relevant control variables on our model. Additionally,
to control for external effects on innovation in the electricity sector, we
include time- and country-fixed effects in our model.

3.4. Econometric specification

To account for the differences in the timing of the policy introduc-
tion, we are using a difference-in-difference model with two-way fixed
effects, which takes the following form:

Y, = p*RDI; + y*Budget,, + 9; + 6, + €; (€})

In this model, i refers to the country and t to the year. Yj, refers to the
number of patents. RDI;, is the binary dummy variable indicating
whether the country has an innovation-stimuli regulation (1) or not (0)
at time t. Our DiD estimator is # and measures the impact of innovation-
stimuli regulation on innovation interaction. §,and 9; control unob-
served country and time fixed effects respectively. The remaining vari-
able Budget; controls for remaining time-varying, country specific
variation due to differences in the RD&D budgets. ¢; is the idiosyncratic
error term. The panel data set is unbalanced due to some missing values
on the control variable.

Despite having patent count data as a dependent variable, we are
using a linear two-way fixed effects OLS model as our main specification
for the following two reasons. First of all, Puhani (2012) demonstrates
that the DiD estimation in a nonlinear model does not provide the
assumption that the cross difference is zero for the expected potential
outcome YO0. As a consequence, the nonlinear parametric restriction on
that cross difference, does not represent the treatment effect. Second, we
are using fractional data which is not composed exclusively of integers.
Wooldridge (1999)'° cautions against the usage of Poisson or negative
non-binomial models in such cases. Nonetheless, to refute any potential
criticism that our results may be dependent on our model choice, we also
perform a zero-inflated count model regression. We have to use the zero-
inflated rather than the normal poisson model because our dependent
variable has 46% zeros.

In addition to the two-way fixed effects specification, we measure the
treatment effect across parts of the treatment group. Therefore, we
employ the so-called group-specific treatment effect estimation by
Callaway and Sant’Anna (2020), whereby the average treatment on the
treated is estimated separately for each period in which a country or a
group of countries enters treatment.

According to Steigerwald et al. (2021), this approach verifies
different treatment effects depending on the adoption period. Due to the

10 see Jeffrey Wooldridge and Joao Santos Silva in the Statalist blogpost,
accessed on July 10th, 2022.
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limited sample size of only 21 countries, we divided our treatment
countries into “early adopters” and “later adopters”. The resultant
group-specific ATT is defined for each group entering treatment at time
s < t as is given by the following equation:

ATT; =€ [r; | 1; =3s] @)
4. Results and discussion
4.1. Descriptive statistics, identification strategy, and assumptions

Table 2 summarizes all the variables in our model: patents, and

RD&D budget. The variables present the total number of values of the
treatment and control groups and the mean and standard deviation.
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Despite the differences in terms of the means of the treatment and
control group, parallel trends are sufficient as an identification
assumption in the DiD setting. Fig. 2 shows the average number of
patents for both groups and supports the assumption in our case. Prior to
introducing the first innovation-stimuli regulation in 2005, the devel-
opment of the outcome variable is relatively parallel with similar minor
upward and downward deviations. The trends started to diverge after
2009, shortly after the first European countries introduced innovation-
stimuli regulations. We also ran an event study regression which con-
firms the graphical results. The difference in means only start to diverge
in 2007 and difference are non-significant until 2010, which is well after
the first wave of innovation-stimuli regulations are introduced (see
Fig. B2 in Appendix B).
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Fig. 2. Innovation-stimuli regulation by country and patent average (1991-2016).
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Table 2
Summary statistics of the country-level variables between 1991 and 2016.
Variable Statistic Treated Control Description
N 286 260 Technologies for an Efficient
Mean 6.582 1.355 Electrical Power Generation,
Patents Transmission or Distribution
SD 13.177  2.725 Patents (OECD)
N 261 183 Research, Development, and
Mean 358.73 129.412 Demonstration (RD&D) Budget
RD&D Budget expended by public and private
SD 418.118 102.582 sector in USD 2019 prices and

PPP (IEA)

Note: 1. The panel is unbalanced due to missing values in some variables.

Fig. 3 illustrates the development of the group means of the control
variable of the treated and control group during the time analyzed
(1991-2016). RD&D budget increases in both groups but more consis-
tent among the treated countries. The increase in the treatment group
might be partially related to the research and innovation financial in-
centives given by the introduction of stimuli-innovation regulation in
these countries.
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4.2. Regression results

We performed a difference-in-difference (DiD) analysis to further
investigate the indications provided by our descriptive results and to
obtain a causal estimation of the impact. The results are presented in
Table 3. The first two models (1) and (2) are the regressions without
controls. Model (1) is the DiD without fixed effects, and Model (2) is the
DiD with the two-way fixed effects. The following models (3), (4), and
(5) include the controls. Model (3) represents the DiD with time-fixed
effects, Model (4) constitutes DiD with country fixed effects, and
Model (5) is our final model with the two-way fixed effects model.

All five models indicate a positive and significant effect of the
innovation-stimuli regulation on patents. As expected, the point esti-
mates decrease when we include the control variable, but the effect
remains significant in all specifications. We tested for the presence of
time and country-fixed effects and found significance for both. In Model
(5) which constitutes our final specification, the average treatment on
the treated is of 7.4 patents. Model (3) and (4) are presented to
demonstrate the evolution of the estimates through the inclusion of the
fixed effects. Regarding our control variable, the RD&D budget have in
most of the models a consistent and significant effect. On average, an
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Fig. 3. The average of RD&D Budget in treated and control group (1991-2016).
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Table 3
OLS, time fixed-effects, country fixed-effects, and two-way fixed effects.

Energy Economics 118 (2023) 106352

Dependent Variable: Patents “Technologies for an Efficient Electrical Power Generation, Transmission or Distribution” (YO2E40)

m ) 3) @ )
Innovation-stimuli regulation 15.575%% 9.531* 13720 6.691** 7.461%
(2.867) (3.920) (4.709) (2.590) (2.938)
0.010 0.018*** 0.015*
RD&D Budget (0.007) (0.004) (0.008)
Constant 2.3250
(0.210)
Time FE NO YES YES NO YES
Country FE NO YES NO YES YES
Observations 546 546 444 444 444
R2 0.241 0.124 0.302 0.278 0.164
Adjusted R2 0.240 0.043 0.256 0.240 0.065

F Statistic 173.505*** (df = 1; 544)

70.652*** (df = 1; 499)

90.085*** (df = 2; 416) 81.285*** (df = 2; 421) 38.985*** (df = 2; 396)

Notes: 1. *p < 0.1; **p < 0.05; ***p < 0.01.

2. Cluster-Robust Standard Errors (White-Arellano) correction for cross-sectional dependence, serial correlation, and heteroskedasticity in all the models.

increase of 100 Mio. USD in R&D Budget is associated with 1.5 addi-
tional patent applications.

Comparatively, other more diffused regulatory tools, such as tax
reductions and tax credits that present a rather indirect and less dis-
tinguishing effect, depending on the firm’s actual market penetration,
the renewable energy quotas demonstrate insignificant effect on inno-
vation outputs (Hille et al., 2020). Feed-in tariffs present also a divergent
behavior depending on the technology, and solar technologies, usually
benefit from them (Nicolli and Vona, 2016). Studies also distinguish the
benefits of demand subsidies and public support for R&D on emerging
technologies (Nicolli and Vona, 2016; Costantini et al., 2017). Hence,
our findings align with other studies that support the impact of R&D
budget on innovation output (Cambini et al., 2016b; Dimos and Pugh,
2016) and the implementation of specific energy technology and inno-
vation policy Marino et al. (2019).

To better understand the temporal development of the innovation
outcome on the treatment and control group, we compared the evolution
of patents’ increment throughout our time period and grouped them in
the treatment and control group (Figs. 4 and 5). Fig. 4 demonstrates an
increment of patents when the innovation-stimuli regulations were
introduced in the treatment group between 2006 and 2010. Nevertheless,
in the following period, the control group (Fig. 5) during 2011-2016 have
a higher growth rate (100%) than the treatment group (80%).
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Fig. 4. Patents increment (1991-2016): treatment group.

To further explore the composition of the effect, we analyzed the
innovation-stimuli regulation among the treatment group in different
periods using the group-specific effects approach proposed by Callaway
and Sant’Anna (2020). As mentioned before, the group-specific effect
model aims to include an additional layer on the DiD approach by
assessing whether the DiD estimate is dependent on the timing of the
treatment. To perform this analysis, we divided the treatment group into
two, the “early-treated” and “late-treated”, based on the period of
adoption of the innovation-stimuli regulation.

The “early-treated” are countries which introduced their innovation-
stimuli regulation from 2005 to 2010, and the “late-treated” those that
introduced them from 2011 onwards. Their assignment into different
groups based on the introduction of innovation-stimuli regulation en-
ables us to verify the average treatment effects over time for that specific
group.

The results from the group-time average treatment effect, which
shows the average treatment effect on the treated (ATT) for (a) all
countries that adopted the innovation-stimuli regulation, (b) the “early
adopters”, and (c) “late adopters”. Confirming the results from the
regression analysis, the overall average treatment of the treated group is
positive and significant, with an ATT of 5,01. The group decomposition
demonstrates that the overall effect is driven by the “early adopters”,
with an ATT of 10,99. The point estimate of the late adopters is close to
zero and not statistically significant (see Fig. C1 in Appendix C).

Hille et al. (2020) in their study on YO2E patents also stressed the
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decline in patent applications for late adopters’ countries, between 2011
and 2015 despite the rising adoption of regulatory instruments. The
authors affirm that during this period the different regulatory mecha-
nisms were implemented in countries with less dynamic technological
activities, and consequently with a low patenting rate. This result
demonstrates that the innovation-stimuli regulations effects were not
the same among all the countries from our sample. Notwithstanding, the
additional insights about the decomposition of the effect, the results
should be interpreted with caution, as the groups used for the group-
time specific models are very small, and especially in the late-adopter
groups, the effect was measured over a shorter time-period.

Figs. 6 and 7 illustrate this trend by showing the differences in the
average number of patents between the “earlier adopters” and “later
adopters”. The graphs demonstrate a 128% increase in the number of
patents for the early adopters during the first innovation-stimuli regu-
lation implementation and positive but somewhat slower growth after
that, while the late adopter group experiences much more robust growth
in the last period (2011-2016). Furthermore, when comparing the “later
adopters” and the control group (Fig. 5), there is a superior rate of patent
increment among the later adopters. Fig. 7 indicates that despite the
non-significant average treatment effect on the “late-group”, patents
substantially increased after introducing innovation-stimuli regulations.
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4.3. Robustness tests

As an additional robustness check we estimate the Zero-Inflated
Poisson model. Therefore, we first transformed our fractional patents
into integers by rounding up and performed a Zero-Inflated Poisson
regression. We opt for estimating the Zero-Inflated Poisson because our
variable is overdispersed due to the existing large number of “zeros” in
our patents (46,3%), and the negative binomial model does not account
for serial correlation (present in our data).

Comparatively, Cameron and Trivedi (2013), reveals that efficiency
gains relative to Poisson regression are likely inexistent or small in the
case of fixed effects and fixed effect negative binomial model is flawed
and advice uses Poisson panel fixed effects (Guimaraes, 2008; Wool-
dridge, 1999). The results of our Zero-Inflated Poisson model are in
Table 4. Model (1) is the DiD without fixed effects, and Model (2) and (3)
have country and time fixed effects, respectively. Model (4) contains
two-way fixed effects.

The result from Model (4) are fairly robust to changes in the patent
count approach and demonstrate a significant effect of 22,50% increase
((e70.203-1)*100) for the countries that have an innovation-stimuli
regulation in place. The zero-inflated part of our model is not signifi-
cant in the two-way fixed model (4) which means that innovation-
stimuli regulation does not have a significant impact on having zero
patents. This provides some evidence to the argument by Hille et al.
(2020) that countries need already a certain level of technological
development and capacity in place to benefit from the introduction of
the innovation-stimuli regulation.

Table 4
Zero-Inflated Poisson.

Patents: technologies, rounded

Poisson (@) (@) (€)) ()]
Innovation-stimuli 1.3877% 0.807*+* 1.2827 0.203*
reculation (0.042) (0.053) (0.074) (0.094)
J t = 32.965 t=15.298 t=17.388 t=2.163
Zero-Inflated Poisson
Innovation-stimuli —2.460m —2149m —1.839% 0.503
regulation (0.475) (0.706) (0.517) (0.971)
g t=-5195 t=-3.041 t=-3.555 t=0.518
Observations 546 546 546 546
Log Likelihood —2028.186  —1227.821 —2211.10 —1004.880
AIC 4064.371 2543.642 4530.216 2197.760

Notes: 1. *p < 0.1; **p < 0.05; ***p < 0.01.
2. The control variable (RD&D budget) was not included because to limited
sample size, did not allowed the converge of our estimations.

5. Conclusions and policy implications

Employing a difference-in-differences estimation on a dataset
covering 21 European countries between 1991 and 2016, we find that
innovation stimuli regulation has positively impacted patent applicants
in the sector of electricity distribution and transmission.

The findings complement the evidence of Cambini et al. (2016b)
about the positive impact of this innovation-stimuli regulation on in-
vestment, and underline the positive effects expected by introducing
them in the countries’ regulatory framework. Nonetheless, early
adopters seem to benefit more from the introduction of innovation-
stimuli regulations than late-adopters. While we are not fully certain
about the reasons for this difference, we suspect that it could be related
to the country’s technological capacity for patenting activity (Hille
et al., 2020), or differences in the innovation-stimuli regulation
mechanism adopted.

Overall, the paper contributes to underline the effects of innovation-



B.C. Ribeiro et al.

stimuli regulations, which target to reduce the technological and
financial risks of the SG (Luthra et al., 2014; Costa et al., 2017), are
producing on average in terms of innovation outputs.

Comparatively, the innovation-stimuli regulation seems more
adequate as a regulatory tool to stimulate SG than other well-known
policies like renewable energy quotas, feed-in tariffs, and carbon tax,
which are focused on stimulating more mature technologies and which
are placed in the energy generation segment, such as wind and solar
(Nicolli and Vona, 2016; Costantini et al., 2017).

In terms of policy implication, given the consistent average effect
demonstrated in the DiD estimations, it contributes to state the necessity
of specific energy technology and innovation regulation to foster certain
technologies that are considered beneficial for society (Marino et al.,
2019; Hille et al., 2020). Under this perspective, the innovation-stimuli
regulation seems to constitute a prominent regulatory tool, especially in
the case of SG, which are praised as a solution for the volatility
challenges imposed for an increasing share of renewables in the
electricity matrix, among other advancements. Nonetheless, the
implementation of SGs is rather slow and the face several challenges
(Lamnatou et al., 2022).

Hence, the paper does not exhaust the discussion of innovation-
stimuli regulation but contributes to understand these new regulatory
instruments in the SG technologies. In this respect, to proper understand
the combination of innovation-stimuli regulation and technological
performances a continuous integration of complementary quantitative
and qualitative research efforts is required to further comprehend the
extensions of its effects.

This study is a first attempt to empirically assess the impact
innovation-stimuli regulation and there are of course certain limitations
to our results. We are estimating the average impact of innovation-
stimuli regulation introduction and are therefore unable to say any-
thing about how different policy design elements impact innovation

Appendix A. Patent classification
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outcomes, as our sample is too small to make further sub-sample anal-
ysis. Moreover, our study focuses on innovation output measures.

For future studies it would be desirable to analyze the effects of the
different innovation-stimuli regulation, assess their impacts on innova-
tion inputs and expand the analysis in terms of countries outside Europe.
Furthermore, country-specific analyses could help to detect potential
thresholds in technological capacity to benefit from the innovation-
stimuli regulations.
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Table Al
IPC classification - technologies for an efficient electrical power generation, transmission or distribution (YO02E40).

Description Code

Climate Change Mitigation Technologies Related to Energy Generation, Transmission or Distribution YO2E

5. TECHNOLOGIES FOR AN EFFICIENT ELECTRICAL POWER GENERATION, TRANSMISSION OR DISTRIBUTION YO02E40

5.1. Superconducting electric elements or equipment YO02E40/
60-69

— Superconducting generators: Superconducting synchronous generators; Superconducting homopolar generators

— Superconducting transmission lines or power lines or cables or installations thereof - Superconducting transformers or inductors

— Superconducting energy storage for power networks, e.g. SME, superconducting magnetic storage

— Protective or switching arrangements for superconducting elements or equipment

— Current limitation using superconducting elements, including multifunctional current limiters

5.2. Not elsewhere classified

Flexible AC transmission systems [FACTS] YO02E40/
10-18

— Static VAR compensators [SVC], static VAR generators [SVG] or static VAR systems [SVS], including thyristor-controlled reactors [TCR], thyristor-switched

reactors [TSR] or thyristor-switched capacitors [TSC]

— Thyristor-controlled series capacitors [TCSC]

— Static synchronous compensators [STATCOM]

— Unified power flow controllers [UPF] or controlled series voltage compensators

Active power filtering [APF] YO02E40/
20-26

— Non-specified or voltage-fed active power filters

— Current-fed active power filters; using a multilevel or multicell converter

Reactive power compensation YO02E40/
30-34

— Reactive power compensation; using synchronous generators; for voltage regulation

Arrangements for reducing harmonics YO2E40/40

Arrangements for eliminating or reducing asymmetry in polyphase networks Y02E40/50

Smart grids YO2E40/70

— Systems characterized by the monitoring, control or operation of energy generation units, e.g. distributed generation [DER] or load-side generation; Systems
characterized by the monitoring, control or operation of flexible AC transmission systems [FACTS] or power factor or reactive power compensating or correcting
units; Computing methods or systems for efficient or low carbon management or operation of electric power systems

Source: OECD (2021).
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Appendix B. Sensitivity and assumptions tests

Table B1
Sensitivity test of the control variables.

Dependent variable: patents “technologies for an efficient electrical power generation, transmission or distribution” (YO2E40)

@™ ) 3 @ %) (6)
Innovation-stimuli 7.461%** 8.582%** 9.229%* 9.693** 7.452%* 9.307**
regulation (2.938) (4.021) (3.956) (3.902) (3.375) (3.863)
0.015* 0.017**
D&D B
RD&D Budget (0.008) (0.008)
—0.001 —0.001
R&D Personnel (0.003) (0.003)
. 0.638 0.861
Market Regulation 0.697) (0.665)
Electricity Consumption 0.0005 0.001
y P (0.0004) (0.0004)
Time FE YES YES YES YES YES
Country FE YES YES YES YES YES
Observations 444 322 546 546 546
R? 0.164 0.081 0.127 0.134 0.140
Adjusted R? 0.065 —0.071 0.045 0.052 0.057
F Statistic 38.985%** (df = 2; 12.228%** (df = 2; 36.382%+* (df = 2; 38.705%** (df = 2; 27.113%** (df = 3;
396) 275) 498) 498) 497)

Notes: 1. *p < 0.1; **p < 0.05; ***p < 0.01.
2. Cluster-Robust Standard Errors (White-Arellano) correction for cross-sectional dependence, serial correlation, and heteroskedasticity for all models.
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Appendix C. Group-specific effects
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Fig. C1. Average treatment effect in all the countries that adopted the innovation-stimuli regulation countries and Early and Late Adopters.
Notes: 1. Point chart with 95% confidence intervals and means. 2. The group-time average treatment effect model does not include the control variables.

Appendix D. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.enec0.2022.106352.

References

Averch, Harvey, Johnson, Leland L., 1962. Behavior of the firm under regulatory
constraint. Am. Econ. Rev. 52 (5), 1052-1069. Available online at. http://www.jstor
.org/stable/1812181.

Bailey, Elizabeth E., 1974. Innovation and regulation. J. Public Econ. 3 (3), 285-295.
https://doi.org/10.1016,/0047-2727(74)90016-4.

Baldwin, Robert, Cave, Martin, Lodge, Martin, 2012. Understanding Regulation. Theory,
Strategy, and Practice. OUP Oxford.

Bauknecht, Dierk, 2011. Incentive Regulation and Network Innovations. EUI Working
Papers. Robert Schuman Centre for Advanced Studies. European University Institute
(RSCAS 2011/02). Available online at. https://cadmus.eui.eu/handle/1814/15481.

Baumol, William J., 1967. 8. Reasonable rules for rates regulation: Plausible policies for
an imperfect world. In: Phillips, Almarin, Williamson, Oliver E. (Eds.), Prices.
University of Pennsylvania Press, Philadelphia.

Bel, Germa, Joseph, Stephan, 2018. Climate change mitigation and the role of
technological change: impact on selected headline targets of Europe’s 2020 climate
and energy package. Renew. Sust. Energ. Rev. 82, 3798-3807. https://doi.org/
10.1016/j.rser.2017.10.090.

Blind, Knut, 2012. The influence of regulations on innovation: a quantitative assessment
for OECD countries. Res. Policy 41 (2), 391-400. https://doi.org/10.1016/j.
respol.2011.08.008.

Calel, Raphael, Dechezleprétre, Antoine, 2016. Environmental policy and directed
technological change: evidence from the European carbon market. Rev. Econ. Stat.
98 (1), 173-191. https://doi.org/10.1162/REST a_00470.

Callaway, Brantly, Sant’Anna, Pedro H.C., 2020. Difference-in-differences with multiple
time periods. J. Econ. https://doi.org/10.1016/j.jeconom.2020.12.001.

Cambini, Carlo, Caviggioli, Federico, Scellato, Giuseppe, 2016a. Innovation and market
regulation: evidence from the European electricity industry. Ind. Innov. 23 (8),
734-752. https://doi.org/10.1080/13662716.2016.1206464.

Cambini, Carlo, Meletiou, Alexis, Bompard, Ettore, Masera, Marcelo, 2016b. Market and
regulatory factors influencing smart-grid investment in Europe: evidence from pilot
projects and implications for reform. Util. Policy 40, 36-47. https://doi.org/
10.1016/j.jup.2016.03.003.

12

Cambini, Carlo, Congiu, Raffaele, Jamasb, Tooraj, Llorca, Manuel, Soroush, Golnoush,
2020. Energy systems integration: implications for public policy. Energy Policy 143,
111609. https://doi.org/10.1016/j.enpol.2020.111609.

Cameron, A. Colin, Trivedi, Pravin K., 2013. Regression Analysis of Count Data Book,
2nd ed. Cambridge University Press (Econometric Society Monograph).

Card, David, Krueger, Alan B., 1994. Minimum wages and employment: a case study of
the fast-food industry in New Jersey and Pennsylvania. Am. Econ. Rev. 84 (4),
772-793.

Churchill, Sefa Awaworyi, Inekwe, John, Ivanovski, Kris, 2021. R&D expenditure and
energy consumption in OECD nations. Energy Econ. 100, 105376 https://doi.org/
10.1016/j.eneco.2021.105376.

Cohen, Wesley, Nelson, Richard, Walsh, John, 2000. Protecting their intellectual assets:
Appropriability conditions and Why U.S. In: Manufacturing Firms Patent (or Not).
National Bureau of Economic Research, Cambridge, MA.

Conway, Paul, de Rosa, Donato, Nicoletti, Giuseppe, Steiner, Faye, 2006. Regulation,
Competition and Productivity Convergence. OECD Economics Department Working
Papers (509). Available online at. https://www.oecd-ilibrary.org/economics/regul
ation-competition-and-productivity-convergence_431383770805. Checked on 5/3/
2021.

Costa, Paulo Moiss, Bento, Nuno, Marques, Vitor, 2017. The impact of regulation on a
Firm’s incentives to invest in emergent smart grid technologies. EJ 38 (2). https://
doi.org/10.5547/01956574.38.2.pcos.

Costantini, Valeria, Crespi, Francesco, Palma, Alessandro, 2017. Characterizing the
policy mix and its impact on eco-innovation: a patent analysis of energy-efficient
technologies. Res. Policy 46 (4), 799-819. https://doi.org/10.1016/j.
respol.2017.02.004.

Crispim, Joao, Braz, José, Castro, Rui, Esteves, Jorge, 2014. Smart grids in the EU with
smart regulation: experiences from the UK, Italy and Portugal. Util. Policy 31, 85-93.
https://doi.org/10.1016/j.jup.2014.09.006.

Cullmann, Astrid, Nieswand, Maria, 2016. Regulation and investment incentives in
electricity distribution: an empirical assessment. Energy Econ. 57, 192-203. https://
doi.org/10.1016/j.eneco.2016.05.007.

De Rassenfosse, Gaétan, Dernis, Hélene, Guellec, Dominique, Picci, Lucio, Van
Pottelsberghe de la Potterie, Bruno, et al., 2013. The worldwide count of priority


https://doi.org/10.1016/j.eneco.2022.106352
http://www.jstor.org/stable/1812181
http://www.jstor.org/stable/1812181
https://doi.org/10.1016/0047-2727(74)90016-4
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0015
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0015
https://cadmus.eui.eu/handle/1814/15481
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0025
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0025
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0025
https://doi.org/10.1016/j.rser.2017.10.090
https://doi.org/10.1016/j.rser.2017.10.090
https://doi.org/10.1016/j.respol.2011.08.008
https://doi.org/10.1016/j.respol.2011.08.008
https://doi.org/10.1162/REST_a_00470
https://doi.org/10.1016/j.jeconom.2020.12.001
https://doi.org/10.1080/13662716.2016.1206464
https://doi.org/10.1016/j.jup.2016.03.003
https://doi.org/10.1016/j.jup.2016.03.003
https://doi.org/10.1016/j.enpol.2020.111609
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0080
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0080
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0085
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0085
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0085
https://doi.org/10.1016/j.eneco.2021.105376
https://doi.org/10.1016/j.eneco.2021.105376
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0095
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0095
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0095
https://www.oecd-ilibrary.org/economics/regulation-competition-and-productivity-convergence_431383770805
https://www.oecd-ilibrary.org/economics/regulation-competition-and-productivity-convergence_431383770805
https://doi.org/10.5547/01956574.38.2.pcos
https://doi.org/10.5547/01956574.38.2.pcos
https://doi.org/10.1016/j.respol.2017.02.004
https://doi.org/10.1016/j.respol.2017.02.004
https://doi.org/10.1016/j.jup.2014.09.006
https://doi.org/10.1016/j.eneco.2016.05.007
https://doi.org/10.1016/j.eneco.2016.05.007

B.C. Ribeiro et al.

patents: A new indicator of inventive activity. Res. Policy 42, 720-737. https://doi.
0rg/10.1016/j.respol.2012.11.002. In press.

Dechezleprétre, Antoine, Glachant, Matthieu, Hascic, Ivan, Johnstone, Nick,

Méniére, Yann, 2011. Invention and transfer of climate change-mitigation
technologies: a global analysis. Rev. Environ. Econ. Policy 5 (1), 109-130. https://
doi.org/10.1093/reep/req023.

Dimos, Christos, Pugh, Geoff, 2016. The effectiveness of R&D subsidies: a meta-
regression analysis of the evaluation literature. Res. Policy 45 (4), 797-815. https://
doi.org/10.1016/j.respol.2016.01.002.

Egert, Balazs, 2009. Infrastructure Investment in Network industries: The Role of
Incentive Regulation and Regulatory Independence. OECD Economics Department
Working Papers (688). Available online at. https://www.oecd-ilibrary.org/economi
cs/infrastructure-investment-in-network-industries_225261508320. checked on 11/
3/2020.

EURELECTRIC, 2016. Innovation Incentives for DSOs - A Must in the New Energy Market
Development. Available online at. https://www.eurelectric.org/media/2059/inn
ovation_paper-2016-030-0379-01-e.pdf. checked on 11/20/2020.

Giest, Sarah, 2020. Do nudgers need budging? A comparative analysis of European smart
meter implementation. Gov. Inf. Q. 37 (4), 101498 https://doi.org/10.1016/j.
giq.2020.101498.

Guimaraes, Paulo, 2008. The fixed effects negative binomial model revisited. Econ. Lett.
99 (1), 63-66. https://doi.org/10.1016/j.econlet.2007.05.030.

Haffner, Robert, Heidecke, Laura, Ryszka, Karolina, Frit, Wolfgang,

Ladermann, Alexander, Catalini, Emiliano, Christensen, S¢ren Lgvstad, 2019. Do
Current Regulatory Frameworks in the EU Support Innovation and Security of
Supply in Electricity and Gas Infrastructure? Publications Office of the European
Union. https://doi.org/10.2833/258711. Available online at. checked on 1/20/
2021.

Hasci¢, Ivan, Migotto, Mauro, 2015. Measuring Environmental Innovation Using Patent
Data. OECD Environment Working Papers (89). Available online at. https://www.oe
cd-ilibrary.org/environment/measuring-environmental-innovation-using-patent-dat
a_5js009kf48xw-en. checked on 5/3/2021.

Hille, Erik, Althammer, Wilhelm, Diederich, Henning, 2020. Environmental regulation
and innovation in renewable energy technologies: Does the policy instrument
matter? Technol. Forecast. Soc. Chang. 153, 119921 https://doi.org/10.1016/j.
techfore.2020.119921.

Jamasb, Tooraj, Llorca, Manuel, Meeus, Leonardo, Schittekatte., Tim, 2021. Energy
network innovation for green transition: economic issues and regulatory options.
Energy Regulation in the Green Transition, 1. Danish Utility Regulator, Copenhagen,
pp. 14-21. In press.

Jamasb, Tooraj, Pollitt, Michael, 2008. Liberalisation and R&D in network industries: the
case of the electricity industry. Res. Policy 37 (6-7), 995-1008. https://doi.org/
10.1016/j.respol.2008.04.010.

Jamasb, Tooraj, Pollitt, Michael G., 2011. Electricity sector liberalisation and innovation:
an analysis of the UK’s patenting activities. Res. Policy 40 (2), 309-324. https://doi.
0rg/10.1016/j.respol.2010.10.010.

Koske, Isabell, Wanner, Isabelle, Bitetti, Rosamaria, Barbiero, Omar, 2015. The 2013
update of the OECD’s database on product market regulation: Policy insights for
OECD and non-OECD countries. In: Economics Department Working Papers No.
1200.

Lamnatou, Chr, Chemisana, D., Cristofari, C., 2022. Smart grids and smart technologies
in relation to photovoltaics, storage systems, buildings and the environment. Renew.
Energy 185, 1376-1391. https://doi.org/10.1016/j.renene.2021.11.019.

13

Energy Economics 118 (2023) 106352

Luthra, Sunil, Kumar, Sanjay, Kharb, Ravinder, Ansari, Md. Fahim, Shimmi, S.L., 2014.
Adoption of smart grid technologies: an analysis of interactions among barriers.
Renew. Sust. Energ. Rev. 33, 554-565. https://doi.org/10.1016/j.rser.2014.02.030.

Marino, Marianna, Parrotta, Pierpaolo, Valletta, Giacomo, 2019. Electricity (de)
regulation and innovation. Res. Policy 48 (3), 748-758. https://doi.org/10.1016/j.
respol.2018.11.005.

Marques, Vitor, Bento, Nuno, Costa, Paulo Moisés, 2014. The “smart paradox’: stimulate
the deployment of smart grids with effective regulatory instruments. Energy 69,
96-103. https://doi.org/10.1016/j.energy.2014.01.007.

Meletiou, Alexis, Cambini, Carlo, Masera, Marcelo, 2018. Regulatory and ownership
determinants of unbundling regime choice for European electricity transmission
utilities. Util. Policy 50, 13-25. https://doi.org/10.1016/j.jup.2018.01.006.

Miozzo, Marcela, Soete, Luc, 2001. Internationalization of services. Technol. Forecast.
Soc. Chang. 67 (2-3), 159-185. https://doi.org/10.1016/50040-1625(00)00091-3.

Nicolli, Francesco, Vona, Francesco, 2016. Heterogeneous policies, heterogeneous
technologies: the case of renewable energy. Energy Econ. 56, 190-204. https://doi.
org/10.1016/j.eneco.2016.03.007.

Ofgem, 2021. RIIO-1 Electricity Network Innovation Allowance Governance Document.
Available online at. https://www.ofgem.gov.uk/system/files/docs/2021/03/2021-
03-30_electricity_nia_governance_v4.pdf. checked on 5/2/2021.

Pavitt, Keith, 1984. Sectoral patterns of technical change: towards a taxonomy and a
theory. Res. Policy 13 (6), 343-373. https://doi.org/10.1016,/0048-7333(84)90018-
0.

Polemis, Michael L., Tselekounis, Markos, 2021. Threshold effects in the regulation-
innovation nexus: evidence from the telecommunications industry. J. Regul. Econ.
https://doi.org/10.1007/5s11149-021-09433-4.

Pollitt, Michael, Giulietti, Monica, Anaya, Karim, 2021. Optimal regulation for European
DSOs to 2025 and beyond. In: Centre on Regulation in Europe (CERRE). Brussels,
Belgium. Available online at. https://cerre.eu/wp-content/uploads/2021/04/CERR
E_Optimal-regulation-for-European-DSOs-to-2025-and-beyond_April-2021_FINAL.
pdf. checked on 11/17/2021.

Popp, David, 2019. Environmental Policy and Innovation: A Decade of Research.
National Bureau of Economic Research. Cambridge, MA (NBER Working Paper
Series, Working Paper 25631).

Poudineh, Rahmatallah, Jamasb, Tooraj, 2015. A new perspective: investment and
efficiency under incentive regulation. Energy J. 36 (4) https://doi.org/10.5547/
01956574.36.4.rpou.

Puhani, Patrick A., 2012. The treatment effect, the cross difference, and the interaction
term in nonlinear “difference-in-differences” models. Econ. Lett. 115 (1), 85-87.
https://doi.org/10.1016/j.econlet.2011.11.025.

Steigerwald, Douglas G., Vazquez-Bare, Gonzalo, Maier, Jason, 2021. Measuring
heterogeneous effects of environmental policies using panel data. J. Assoc. Environ.
Resour. Econ. 8 (2), 277-313. https://doi.org/10.1086/711420.

Veefkind, V., Hurtado-Albir, J., Angelucci, S., Karachalios, K., Thumm, N., 2012. A new
EPO classification scheme for climate change mitigation technologies. World Patent
Inf. 34 (2), 106-111. https://doi.org/10.1016/j.wpi.2011.12.004.

Czako, Veronika, 2020. Employment in the Energy Sector, Publications Office of the
European Union: Brussels, Belgium. https://op.europa.eu/en/publication-detail /-
/publication/93e5be77-c254-11ea-b3a4-01aa75ed71al/language-en.

Vitale, Cristiana, Danitz, Eszter, Wanner, Isabelle, 2018. Methodology for calculating the
1975-2018 time series. In: Product Market Regulation: Network Sectors Indicators.
Organisation for Economic Co-Operation and Development (OECD).

Wooldridge, Jeffrey M., 1999. Distribution-free estimation of some nonlinear panel data
models. J. Econ. 90 (1), 77-97. https://doi.org/10.1016/50304-4076(98)00033-5.


https://doi.org/10.1016/j.respol.2012.11.002
https://doi.org/10.1016/j.respol.2012.11.002
https://doi.org/10.1093/reep/req023
https://doi.org/10.1093/reep/req023
https://doi.org/10.1016/j.respol.2016.01.002
https://doi.org/10.1016/j.respol.2016.01.002
https://www.oecd-ilibrary.org/economics/infrastructure-investment-in-network-industries_225261508320
https://www.oecd-ilibrary.org/economics/infrastructure-investment-in-network-industries_225261508320
https://www.eurelectric.org/media/2059/innovation_paper-2016-030-0379-01-e.pdf
https://www.eurelectric.org/media/2059/innovation_paper-2016-030-0379-01-e.pdf
https://doi.org/10.1016/j.giq.2020.101498
https://doi.org/10.1016/j.giq.2020.101498
https://doi.org/10.1016/j.econlet.2007.05.030
https://doi.org/10.2833/258711
https://www.oecd-ilibrary.org/environment/measuring-environmental-innovation-using-patent-data_5js009kf48xw-en
https://www.oecd-ilibrary.org/environment/measuring-environmental-innovation-using-patent-data_5js009kf48xw-en
https://www.oecd-ilibrary.org/environment/measuring-environmental-innovation-using-patent-data_5js009kf48xw-en
https://doi.org/10.1016/j.techfore.2020.119921
https://doi.org/10.1016/j.techfore.2020.119921
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0170
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0170
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0170
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0170
https://doi.org/10.1016/j.respol.2008.04.010
https://doi.org/10.1016/j.respol.2008.04.010
https://doi.org/10.1016/j.respol.2010.10.010
https://doi.org/10.1016/j.respol.2010.10.010
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0190
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0190
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0190
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0190
https://doi.org/10.1016/j.renene.2021.11.019
https://doi.org/10.1016/j.rser.2014.02.030
https://doi.org/10.1016/j.respol.2018.11.005
https://doi.org/10.1016/j.respol.2018.11.005
https://doi.org/10.1016/j.energy.2014.01.007
https://doi.org/10.1016/j.jup.2018.01.006
https://doi.org/10.1016/S0040-1625(00)00091-3
https://doi.org/10.1016/j.eneco.2016.03.007
https://doi.org/10.1016/j.eneco.2016.03.007
https://www.ofgem.gov.uk/system/files/docs/2021/03/2021-03-30_electricity_nia_governance_v4.pdf
https://www.ofgem.gov.uk/system/files/docs/2021/03/2021-03-30_electricity_nia_governance_v4.pdf
https://doi.org/10.1016/0048-7333(84)90018-0
https://doi.org/10.1016/0048-7333(84)90018-0
https://doi.org/10.1007/s11149-021-09433-4
https://cerre.eu/wp-content/uploads/2021/04/CERRE_Optimal-regulation-for-European-DSOs-to-2025-and-beyond_April-2021_FINAL.pdf
https://cerre.eu/wp-content/uploads/2021/04/CERRE_Optimal-regulation-for-European-DSOs-to-2025-and-beyond_April-2021_FINAL.pdf
https://cerre.eu/wp-content/uploads/2021/04/CERRE_Optimal-regulation-for-European-DSOs-to-2025-and-beyond_April-2021_FINAL.pdf
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0265
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0265
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0265
https://doi.org/10.5547/01956574.36.4.rpou
https://doi.org/10.5547/01956574.36.4.rpou
https://doi.org/10.1016/j.econlet.2011.11.025
https://doi.org/10.1086/711420
https://doi.org/10.1016/j.wpi.2011.12.004
https://op.europa.eu/en/publication-detail/-/publication/93e5be77-c254-11ea-b3a4-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/93e5be77-c254-11ea-b3a4-01aa75ed71a1/language-en
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0295
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0295
http://refhub.elsevier.com/S0140-9883(22)00481-9/rf0295
https://doi.org/10.1016/S0304-4076(98)00033-5

