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Abstract

This study evaluates the impacts of public subsidies on 
firms in energy-intensive industries, focusing on R&D 
subsidies and compensation subsidies. Using firm-level 
data from Finnish energy-intensive industries between 
2010 and 2022, it examines how these subsidies influ-
ence firm competitiveness and innovation outcomes. 
Compensation subsidies, designed to alleviate the ad-
ditional electricity costs imposed by the EU Emissions 
Trading Scheme (ETS) on firms operating in certain en-
ergy-intensive industries, and to enhance their interna-
tional competitiveness show no significant effects on 
employment, value added, or labor productivity. R&D 
subsidies, instead, demonstrate a substantial positive 
impact on innovation. Specifically, R&D subsidies signifi-
cantly increase the citation stocks of climate change mit-
igation technology patents filed with the United States 
Patent and Trademark Office (USPTO). Total patent ci-
tation stocks associated with the European Patent Of-
fice (EPO) and USPTO also show statistically significant 
growth.

Do Public Subsidy Schemes Foster 
Innovation and Competitiveness 
in Energy-Intensive Industries?
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Edistävätkö energiaintensiivisen teollisuuden 
tuet innovaatioita ja kilpailukykyä?

Tässä tutkimuksessa tarkastellaan yritystukien vaikutuk-
sia energiaintensiivisten toimialojen yrityksiin Suomes-
sa. Yritystason aineistoa vuosilta 2010–2022 käytetään 
analysoimaan sitä, miten t&k-tuet ja kompensaatiotuet 
ovat vaikuttaneet yritysten kilpailukykyyn ja innovaati-
oihin. Kompensaatiotuilla, joiden tarkoituksena on hel-
pottaa EU:n päästökaupan aiheuttamia lisäkustannuksia 
sähkön hinnassa tietyillä energiaintensiivisillä teollisuu-
den aloilla toimiville yrityksille ja lisätä niiden kilpailuky-
kyä kansainvälisillä markkinoilla, ei havaittu merkittäviä 
vaikutuksia työllisyyteen, jalostusarvoon tai työvoiman 
tuottavuuteen. Sen sijaan t&k-tuilla oli positiivinen vai-
kutus yritysten innovaatiotuotoksiin. T&k-tuet lisäsivät 
merkittävästi ilmastonmuutoksen hillintään liittyvien pa-
tentoitujen teknologioiden viittausten kertymiä Yhdys-
valtain patentti- ja tavaramerkkivirastolta (USPTO) hae-
tuissa patenteissa. Euroopan patenttivirastossa (EPO) 
sekä USPTO:n kokonaispatenttien viittausvarannot kas-
voivat myös tilastollisesti merkitsevästi.
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1 Introduction 
Understanding the impacts of public support measures on firms operating in energy-
intensive industries is critical for designing effective policies that balance environmental 
goals with industrial renewal and competitiveness. Governments across Europe have 
implemented targeted subsidy programs to assist these industries in addressing the 
implications of climate-related regulations, such as increased carbon costs, and to 
encourage innovation. For instance, in Finland, firms in energy-intensive industries—
central to achieving climate policy goals—rank among the largest recipients of public 
subsidies. Despite their significance, the effects of these public support measures on 
firm-level outcomes remain insufficiently understood, leaving policymakers with limited 
evidence to inform effective policy design. This study focuses on two key types of 
subsidies: R&D subsidies and compensation subsidies.  

R&D subsidies, aimed at stimulating innovation and technological progress, have been 
extensively studied, with a large body of literature demonstrating their impact on both 
firms’ R&D expenditures and innovation outputs, such as patents (Howell, 2017; Bronzini 
and Piselli, 2016; Fornaro et al., 2020; Gök and Edler, 2012). Within this extensive 
research, a growing literature focuses specifically on the impact of R&D subsidies on 
green innovation, highlighting the pivotal role of government support in fostering 
environmentally sustainable technologies. 

For instance, Battarelli et al. (2023), using aggregate-level data across 40 advanced and 
emerging market economies and five economic sectors from 2000 to 2021, find that 
climate change policies — particularly non-market-based measures such as R&D 
subsidies — significantly increase green patenting, with effects that strengthen over time. 
Howell (2017) similarly shows that R&D grants in clean energy sectors boost patenting, 
venture capital financing, and firm survival rates, though these effects are less 
pronounced in conventional energy technologies. Rentocchini et al. (2023), analyzing 
patents granted by the USPTO between 2005 and 2015 linked to procurement contracts 
or research grants with U.S. funding agencies, demonstrate that government-supported 
clean technologies generate substantial knowledge spillovers. Their findings indicate 
that clean technology patents associated with public R&D programs have a 26% higher 
citation rate than non-supported technologies, underscoring the long-term impact of 
technology-push policies on subsequent innovations. 

While evidence on the innovation impacts of R&D subsidies is substantial, studies 
focusing on energy-related subsidies, such as compensation subsidies, remain relatively 
limited. Compensation subsidies, including the EU ETS indirect cost compensation 
subsidy and its successor, Electrification Aid, aim to mitigate the financial burden of 
carbon pricing for energy-intensive firms by offsetting electricity cost increases under the 
EU Emissions Trading Scheme (EU ETS). Although the EU ETS itself has been extensively 
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studied and shown to reduce emissions with minimal competitiveness losses (Colmer et 
al., 2024; Dechezleprêtre et al., 2023; Bayer and Aklin, 2020; Marin et al., 2018), the firm-
level impacts of associated subsidies remain underexplored. The only studies on the EU 
ETS indirect cost compensation subsidy that we are aware of are Ferrara & Giua (2022), 
who analyze the subsidy with EU-wide firm-level data and find no notable effects on 
turnover per worker and the value of total assets per employees, and Wang (2024), who 
finds no significant effects of the compensation subsidy on plant-level gross production, 
employment, or worker compensation with Finnish data. The longer-term and broader 
effects of compensation subsidies, particularly in conjunction with newer programs like 
Electrification Aid, have yet to be fully examined. 

This study contributes to the literature by analyzing both the innovation impacts of R&D 
subsidies and the competitiveness impacts of compensation subsidies, focusing on 
firms in energy-intensive industries. Our analysis of R&D subsidies emphasizes their 
influence on total patent citation stocks and green patent citation stocks, providing 
insights into how these programs foster environmentally sustainable innovations. For 
compensation subsidies, we extend the analysis to a longer time series than Wang (2024) 
and include Electrification Aid to assess their effectiveness in supporting firm 
competitiveness. Methodologically, we employ state-of-the-art econometric models 
that address complexities of exploring the impacts of government subsidies such as 
staggered or heterogenous treatment timing, recurring subsidies, and potential lagged 
effects of subsidies. This framework enables a comprehensive evaluation of the causal 
impacts of these programs.  

Using firm-level data from Finnish energy-intensive industries between 2010 and 2022, 
our analysis reveals distinct impacts of compensation and R&D subsidies. 
Compensation subsidies, aimed at offsetting carbon pricing-related costs, show no 
measurable effect on key performance indicators such as employment, value added, or 
labor productivity. In contrast, R&D subsidies significantly enhance innovation outcomes. 
These subsidies substantially increase the citation stocks of climate change mitigation 
technology patents filed with the USPTO, with pronounced effects observed 
consecutively for five years following the subsidy. Moreover, total patent citation stocks 
associated with the European Patent Office (EPO) exhibit consistent and statistically 
significant growth post-subsidy, while increases in environment-specific EPO patent 
citation stocks, though evident, are statistically inconclusive due to high data variation. 

The remainder of this paper is organized as follows. Section 2 provides the institutional 
background, detailing the subsidy schemes for energy-intensive industries in Finland. 
Section 3 describes the data used in the analysis. Section 4 outlines the empirical 
strategy employed to evaluate the impacts of the subsidies. Section 5 presents the 
empirical findings, and Section 6 concludes with a discussion of the results and their 
policy implications. 
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2 Institutional background 
This section provides institutional background on the various subsidy schemes available 
for firms in energy intensive industries in Finland. Our empirical analysis focuses on two 
key types of subsidies: i) the EU ETS indirect cost compensation subsidy and its follow-
up subsidy, Electrification Aid, and ii) R&D subsidies. Firms may simultaneously receive 
different types of subsidies, making it essential to understand the broader context when 
analyzing their effects. 

 

2.1 Subsidy schemes for energy intensive industries in Finland 

EU ETS indirect cost compensation subsidy and Electrification Aid 

The EU ETS indirect cost compensation subsidy is an EU-wide scheme implemented in 
10 member states, including Finland, in the mid-2010s. It was designed to compensate 
for the indirect costs incurred by energy-intensive industries due to the European Union 
Emissions Trading System (EU ETS). These indirect costs stem from higher electricity 
prices driven by the carbon pricing mechanism, as electricity producers were expected 
to pass on the emission costs into their final prices.  The subsidy aimed to preserve the 
global competitiveness of EU producers by mitigating the financial burden of increased 
electricity costs. Eligibility was typically restricted to sectors at risk of carbon leakage, 
where elevated energy costs could incentivize relocating production to regions with less 
stringent climate policies. 

The eligible sectors for the compensation subsidy are listed in Table 1. It also lists the 
changes that the successor of the compensation subsidy, called Electrification aid, 
added. The subsidy amounts have been calculated with formulas that take into account 
e.g., production levels (past ones for the compensation subsidy and current ones for the 
Electrification Aid) and the EU ETS emission allowance prices. 

The compensation subsidy scheme ended in Finland in 2021. It faced criticism for 
primarily benefiting large firms that did not necessarily require financial support and for 
failing to incentivize energy efficiency improvements or greener production methods. 
Additionally, in Finland, it was unclear whether firms' electricity costs risen during the 
majority of the subsidy period. 
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Table 1: Eligible sectors for the compensation subsidy 
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In 2022, a new subsidy scheme called the Aid for electrification of energy-intensive 
industries (also known as Electrification Aid) replaced the previous compensation 
subsidy system. Unlike its predecessor, the Electrification Aid is calculated based on 
current production levels rather than historical production from a reference period. 
Additionally, it introduces a requirement that at least 50% of the subsidy must be 
allocated to development measures aimed at increasing the proportion of renewable 
energy or enhancing energy efficiency, reducing greenhouse gas emissions, or advancing 
electrification. The eligible industries also changed slightly, as shown in Table 1. Despite 
these changes, the primary recipients of the subsidy remain largely the same firms as 
under the previous scheme. 

R&D subsidies 

In Finland, research and development (R&D) subsidies for firms have been available 
since the 1980s. Initially managed by Tekes (the Finnish Funding Agency for Technology 
and Innovation, established in 1983), the administration of these subsidies transitioned 
in 2018 when Tekes merged with Finpro to form Business Finland. Operating under the 
Ministry of Economic Affairs and Employment, Business Finland now oversees a wide 
array of R&D funding programs. 

R&D subsidies aim to promote technological advancement, enhance competitiveness, 
and address market failures. These subsidies typically target projects involving 
significant uncertainty or risk, particularly those focused on developing innovative 
products, services, or processes. As the primary provider of green subsidies in Finland, 
Business Finland also aims at advancing sustainability and environmental objectives 
through dedicated funding initiatives (Kässi, 2024). Beyond environmental objectives, its 
comprehensive support for firms underscores a broader policy framework designed to 
drive technological progress and strengthen competitiveness across sectors. 

Other support measures 

In addition to compensation, electrification, and R&D subsidies, several other support 
measures are available for firms in energy-intensive industries in Finland. These include 
tax incentives and investment grants. We provide a brief overview of these programs, the 
impacts of which are not analyzed in this paper. 

Tax incentives play a significant role in Finland's energy-related subsidy framework. A tax 
refund system for energy-intensive companies was introduced in the late 1990s as part 
of a broader strategy to enhance industrial competitiveness while complying with 
European Union regulations on state aid and environmental protection. In 2011, this 
system underwent a major expansion in response to increased excise tax rates on coal, 
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natural gas, oil, and electricity (Laukkanen et al., 2019). Prior to the reform, companies 
were eligible for a tax refund if their energy excise tax expenditure exceeded 3.7% of the 
value added in production. Following the reform, the threshold was reduced to just 0.5%.  

According to the Finnish Tax Administration, energy-intensive companies were eligible for 
an excise tax refund amounting to 85% of the portion of excise duties that exceeded 0.5% 
of the company’s added value in the accounting year 2020. However, only the amount 
exceeding €50,000 under this calculation was refunded. The eligibility criteria for tax 
refunds will become stricter in the coming years, with excise duties paid in 2025 no longer 
refundable to energy-intensive companies. 

The Energy Aid program is one of the most significant investment grant schemes related 
to energy use in Finland. Administered jointly by the Ministry of Economic Affairs and 
Employment and Business Finland, the program has supported investments in innovative 
energy technologies, renewable energy production, and energy efficiency improvements. 
Typical beneficiaries include projects focusing on wind power, solar energy, bioenergy, 
and energy storage systems. Business Finland is responsible for awarding aid when the 
eligible costs are below €5 million, while the Ministry of Economic Affairs and 
Employment handles decisions for larger projects. The program provides funding for up 
to 30% of eligible costs for investment projects and up to 40% for assessment projects. 

The Energy Aid program dates to 1996, when it was first introduced by the Ministry of 
Trade and Industry. In 2008, this ministry merged with the Ministry of Labour to form the 
current Ministry of Economic Affairs and Employment. Over the years, the program has 
been redefined in terms of the types of projects eligible for funding and the annual budget 
allocations. Despite these adjustments, the program has remained relatively consistent 
in its overall structure and purpose. 

In 2024, the guidelines for granting Energy aid were revised, excluding investments in 
renewable energy production and energy efficiency improvements for buildings from 
eligibility. Additionally, the government budget allocated for new applications dropped 
significantly, from €283.1 million in 2023 to just €68.6 million in 2024. This marks a sharp 
decline compared to 2022, when the total aid for new projects amounted to €390.8 
million, highlighting a substantial reduction in funding over recent years. 
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3 Data and descriptive statistics 

3.1 Data 

3.1.1 Firm performance metrics 
The dataset employed in this study encompasses Finnish firm-level data from 2010 to 
2022, providing detailed insights into firm performance metrics and the subsidies 
granted to firms. Our analysis concentrates on sectors characterized by high energy 
intensity, specifically the manufacture of paper and paper products, coke and refined 
petroleum products, chemicals and chemical products, other non-metallic mineral 
products, and basic metals, corresponding to NACE Rev. 2 codes 17, 19, 20, 23, and 24, 
respectively. 

The primary metrics used to assess firm performance in the context of the compensation 
subsidy analysis were sourced from the Asiakastieto database, a comprehensive 
repository of Finnish company data. These metrics include the number of employees, 
value added, and value added per employee. The number of employees serves as a 
measure of the firm's size and its capacity for labor. Value added, calculated as the 
difference between the firm’s revenue and its intermediate consumption, reflects the 
firm’s economic contribution to the economy. Value added per employee, in turn, 
serves as a measure of labor productivity, providing insights into the efficiency with which 
the firm utilizes its workforce.  

The impact of R&D subsidies was assessed based on their effects on innovation output, 
proxied by patenting activity. Patent data were extracted from the Patentinspiration 
database, covering applications filed with the USPTO (United States Patent and 
Trademark Office) and the EPO (European Patent Office) during 2010–2022. Green 
patents were specifically identified to evaluate the environmental dimension of 
innovation. EPO and USPTO patent filings were chosen as they provide a measure of 
innovation with international relevance. EPO patents offer protection across multiple 
European countries, making them particularly valuable for firms targeting broader 
regional markets. USPTO patents, on the other hand, secure intellectual property rights 
in the United States, one of the world’s largest and most competitive markets. Together, 
these filings reflect Finnish firms' ambitions to safeguard and commercialize their 
innovations on a global scale. 

We utilize patent citations rather than merely counting patent applications, as prior 
research indicates that a substantial proportion of patents hold negligible economic 
value. Patent citations serve as a proxy for a patent's significance within the technological 
landscape; a higher number of citations suggests that subsequent innovations have built 
upon the patented technology, implying greater importance and value. Prior research has 
established a significant positive correlation between patent citations and the economic 
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value of inventions. For instance, Harhoff et al. (1999) and Gambardella et al. (2008) 
found that patent citations correlate with survey-based profit measures from the 
associated inventions. 

In our analysis, we normalize patent citations by dividing each patent's citation count by 
the average citation count of all patents granted in the same year, with separate 
calculations performed for patents granted by the European Patent Office (EPO) and the 
United States Patent and Trademark Office (USPTO). This method accounts for annual 
variations in citation practices and ensures that our analysis reflects the relative impact 
of each patent within its cohort. Additionally, this normalization addresses the issue of 
citation lag, where newer patents have had less time to accumulate citations compared 
to older ones, thereby providing a more accurate assessment of a patent's significance 
over time. 

In our analysis, patent citation stocks serve as the dependent variable, capturing the 
cumulative nature of intellectual property and intangible capital and accounting for the 
time lags inherent in innovation processes, where the effects of R&D investments emerge 
gradually.  

The value of the patent stock in year t is calculated as follows: 

𝐾𝐾𝑖𝑖𝑖𝑖 = (1 − 𝛿𝛿𝑖𝑖𝑖𝑖)* 𝐾𝐾𝑖𝑖𝑖𝑖−1 + 𝐼𝐼𝑖𝑖𝑖𝑖

where 𝛿𝛿𝑖𝑖𝑖𝑖 represents the annual depreciation rate of patent stocks, and 𝐼𝐼𝑖𝑖𝑖𝑖 denotes the 
number of patent applications filed in year t. Consistent with prior studies, we applied a 
15% annual depreciation rate to account for the gradual decline in the economic value of 
existing patents over time (e.g., Hall & MacGarvie, 2010). Given the absence of a long pre-
sample patent history in our data, we used an annual growth rate of 8% (as, e.g., in Hall 
et al. (2007) to estimate the value of knowledge stock for the first observation year. In 
other words, for 2010, we calculated the patent citation stock was calculated as  
𝐼𝐼𝑖𝑖𝑖𝑖/(𝛿𝛿𝑖𝑖𝑖𝑖 + 𝑔𝑔), where g is set to 8%.  

Additionally, we constructed separate stocks for green patent citation stocks to evaluate 
environmentally relevant technological advancements. 

 

3.1.2 Subsidy data 
Our dataset provides comprehensive annual records of the various types of subsidies 
received by the Finnish energy-intensive companies from 2012 to 2022. Our primary 
focus is on compensation subsidies and electrification aid, as they enable the 
construction of a quasi-experimental design with data from both before and after their 
implementation. By including all recipients of these subsidies, the dataset enables a 
comprehensive evaluation of their impacts. 
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Additionally, we examine the effects of R&D subsidies among the sample of firms in 
energy-intensive industries, which include both grants and loans. Business Finland also 
administers Energy Aid for projects with eligible costs below 5 million euros, designed to 
enhance energy efficiency and promote the adoption of renewable energy solutions, 
thereby supporting a transition to a low-carbon economy. These Energy Aid grants are 
included in our data. However, as over 50 percent of firms receiving Business Finland’s 
subsidies did so in the first observation year, establishing causal impacts of these 
subsidies is more challenging. 

To control for the impacts of other types of subsidies, our data also includes the energy 
tax refunds granted by the Finnish Tax Office. The only relevant type of subsidy that is not 
included in our data is the Energy Aid for projects above the 5-million-euro threshold, as 
those have been granted by the Ministry of Economic Affairs and Employment and have 
only been made publicly available from 2020 onwards. In 2020-2022, the largest 
recipients of this specific aid were mostly in power generation, which would not be 
applicable in our analysis in any case. 

 

 

Figure 1: Business subsidies allocated to sample energy-intensive companies in Finland, 2012-2022 

 

Figure 1 illustrates he distribution of business subsidies allocated to our sample of firms 
in energy-intensive industries in Finland between 2012 and 2022. Throughout the 2010s, 
excise tax refunds constituted the largest individual form of subsidy. The overall volume 
of subsidies exhibited a steady upward trend during this decade, reaching its peak in 2021. 
However, in 2022, the total subsidy amount declined following the discontinuation of 
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compensation subsidies and a reduction in excise tax refunds. Despite this decrease, the 
cumulative subsidy level in 2022 remained more than double that of 2012. 

 

 
Figure 2: The share of companies receiving other subsidies during 2012-2022 among those that received 
compensation subsidies 

 

Figure 2 illustrates that firms receiving compensation subsidies frequently benefited 
from additional government support throughout the sample period. Nearly all energy-
intensive companies receiving compensation subsidies also secured excise tax refunds, 
with over two-thirds additionally obtaining R&D subsidies. Furthermore, approximately 
60 percent of these firms took advantage of the Electrification Aid introduced in 2022 for 
energy-intensive industries. 

 

3.1.3 Matching 
To ensure the robustness of the causal estimates, we employ nearest neighbor matching 
using Mahalanobis distance. This matching technique helps in constructing a control 
group that is statistically similar to the treated group, thereby reducing selection bias and 
improving the validity of our results. The matching is done separately for the analysis of 
compensation subsidy/electrification aid and R&D subsidies. It is performed with 
replacement to ensure that as many as possible treated firms get matched with control 
firms. 
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3.1.3.1 Electrification aid data 
When analyzing the impacts of the compensation subsidy and its successor 
Electrification aid, we have data from both before and after the subsidy period began. 
This allows us to use pre-treatment means of various variables for the matching process. 
The pre-treatment period is defined as the time preceding the introduction of the 
compensation subsidy scheme in 2016. 

The pre-treatment variables used for matching include the number of employees and 
revenue, with matching conducted within sectors to ensure comparability across firms 
operating in the same industry. These variables are selected based on their strong 
correlation with subsidy receipt, reflecting the role of firm size in determining eligibility or 
access to subsidies. Each treated firm is matched with the five nearest control firms that 
did not receive any subsidies during the study period. 

Table 2 presents descriptive statistics for the original dataset and the matched sample, 
with mean values calculated for the pre-treatment period. The data reveal that 
compensation subsidy recipients are predominantly large firms. However, after matching, 
the differences in firm size and other characteristics between treated and control firms 
are notably reduced, enhancing the comparability of the two groups. 

 

Table 2: Descriptive statistics for compensation subsidy matching 

  All data After matching 

Variable Treated Control Control 
Number of firms 42 1,686 61 
Mean number of employees 823.9 24.00 209.12 
Mean revenue (mil) 813.68 22.69 225.68 
Mean value added (mil) 140.93 3.11 25.84 
Mean value added / employee 156,899.82 66,462.82 127,838.01 

 

Our empirical approach relies on the parallel trends assumption, which requires that, in 
the absence of treatment (i.e., receiving the subsidy), the treated and control firms would 
have followed similar developmental trajectories. To assess the validity of this 
assumption, we examine pre-treatment trends in the data. Figure 3 provides a graphical 
analysis for this purpose: the top row displays the means of our dependent variables 
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across years, while the bottom row presents the same variables indexed to the base year 
2015, the year prior to the introduction of the subsidy system. 

 
Figure 3: Data trends with matched data 

 

As shown in Figure 3, the trends during the pre-treatment period align closely, supporting 
the validity of the parallel trends assumption. Notably, in 2020, firms receiving subsidies 
experienced a sharper decline in value added compared to non-recipients. This drop is 
likely attributable to the COVID-19 pandemic, which seems to have disproportionately 
impacted the subsidy recipient firms. 

 

3.1.3.2 R&D subsidy data 
Our data on R&D subsidies spans the entire period from 2010 to 2022. As treatment data 
is available for the full timeframe, matching is performed using covariates calculated 
across the entire observation period rather than limited to pre-treatment characteristics. 
Specifically, we employ the number of employees and revenue as covariates, computing 
their mean values over all available years. Additionally, a firm’s estimated propensity to 
patent and its industry are included as covariates in the matching analysis. 

The propensity to patent is estimated using a probit model, where the dependent variable 
is a dummy indicating whether a firm has applied for a patent from the USPTO or EPO (1) 
or not (0). The explanatory variables include firm size, industry, and foreign ownership, 
which are selected based on their established relevance in the literature. Firm size and 
industry are widely recognized as key determinants of a firm’s propensity to patent (Hall 
& Ziedonis, 2001; Link & Scott, 2018), while foreign ownership has been shown to 



14 15

Do Public Subsidy Schemes Foster Innovation and Competitiveness in Energy-Intensive Industries?

15 
 

influence patenting through access to international resources and knowledge networks 
(Criscuolo & Martin, 2009). 

Following the estimation, the predicted probabilities from the probit model are used as a 
measure of each firm's propensity to patent. These estimated probabilities are then 
incorporated as a covariate in the matching analysis to account for firm-level 
heterogeneity in innovation activity. By doing so, we ensure that treated and control firms 
are comparable not only in observable characteristics like size and revenue but also in 
their underlying likelihood to engage in patenting. 

 

Table 3: Descriptive statistics for R&D subsidy matching 

  All data After matching 

Variable Treated Control Treated Control 
Control with 
innovation 
activities 

Number of firms 286 1,431 280 401 57 
Mean number of employees 174.20 12.20 176.39 32.17 71.39 
Mean revenue (mil) 158.21 14.55 158.68 16.91 51.62 
Mean value added (mil) 26.27 2.40 26.32 3.45 7.68 
Mean value added / employee 92,890.11 78,775.30 93,149.74 81,379.47 77,055.59 

 

Table 3 presents the mean values of key variables before and after matching for R&D 
subsidies, calculated across the entire observation period. During the matching process, 
six treated firms were excluded due to the lack of sufficiently close matches in the data, 
and the statistics are recalculated for the matched sample. The rightmost column of 
Table 3 provides statistics for a subsample restricted to firms with identifiable innovation-
related activities, i.e. firms that have received R&D subsidies, have reported R&D 
expenditures in financial statements, or hold patents during the observation period. This 
restriction allows the analysis to focus on firms with demonstrated innovative activities.  

Matching has reduced the difference between the treated and control firms, but there is 
still a relatively large difference in the sizes of the firms. Despite this, our empirical 
approach is robust to such differences, as long as the parallel trends assumption holds. 

In this case, the parallel trends assumption cannot be visually tested due to subsidies 
being granted throughout the entire observation period. To address this, the empirical 
strategy incorporates placebo periods prior to the staggered adoption of subsidy 
recipiency, allowing for a robustness check of the assumption. 
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4 Empirical strategy 
The compensation subsidy data spans periods both before and after the subsidy was 
introduced, enabling the use of a traditional difference-in-differences approach. 
However, the allocation of the compensation subsidies is somewhat staggered, as not all 
firms began receiving the subsidy in the first year, and some ceased to receive it at later 
points. This is particularly evident with the introduction of the Electrification Aid system, 
which adjusted the eligibility criteria. These staggered starts and the presence of “leavers” 
must therefore be accounted for in the empirical design. 

In contrast, R&D subsidies were in place well before the start of our observation period. 
These subsidies are not necessarily granted to the same firms continuously; instead, 
firms may receive them intermittently, creating both “leavers” and “joiners” over time. 

We employ a difference-in-differences approach designed to accommodate 
heterogeneous treatment effects, following the methodology recently developed by De 
Chaisemartin and D’Haultfoeuille (2024). This flexible approach allows for binary, 
discrete, or continuous treatments, accounts for potential lagged effects of the 
treatment on the outcome and accommodates treatments that persist over time as well 
as cases where firms exit and re-enter the treatment status.  

The treatment effect is specified as follows: 

𝛿𝛿𝑔𝑔,ℓ = 𝐸𝐸[𝑌𝑌𝑔𝑔,𝐹𝐹𝑔𝑔−1+ℓ − 𝑌𝑌𝑔𝑔,𝐹𝐹𝑔𝑔−1+ℓ(𝐷𝐷𝑔𝑔,1, … , 𝐷𝐷𝑔𝑔,1) ∣ 𝑫𝑫], 

where: 

• 𝑔𝑔 is a group with the same period one treatment, 

• 𝑌𝑌𝑔𝑔,𝑡𝑡(𝑑𝑑1, … , 𝑑𝑑𝑡𝑡) is the potential outcome of 𝑔𝑔 at period 𝑡𝑡, and 𝑑𝑑𝑡𝑡 is the treatment, 

• ℓ ∈  {1, . . . , 𝑇𝑇𝑔𝑔  −  𝐹𝐹𝑔𝑔  +  1} are the periods from one to the maximum number of 
event-study effects.  𝑇𝑇𝑔𝑔 denotes the last period where there is still a group with 
the same period-one treatment as 𝑔𝑔 and whose treatment has not changed 
since the start of the panel, and 𝐹𝐹𝑔𝑔  is the first period at which group 𝑔𝑔’s treatment 
changes. 

As outlined by De Chaisemartin and D’Haultfoeuille (2024), the treatment effect is 
defined as “the expected difference between group 𝑔𝑔’s actual outcome at 𝐹𝐹𝑔𝑔 − 1 + ℓ and 
its counterfactual “status quo” outcome if its treatment had remained equal to its period-
one value from period one to 𝐹𝐹𝑔𝑔 − 1 + ℓ ”. De Chaisemartin and D’Haultfoeuille (2024) 
refer to this estimated effect as the “actual-versus-status-quo” (AVSQ) effect for group 𝑔𝑔. 
This term is a refined variant of the average treatment effect on the treated, ATT.  
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In designs where the treatment is binary and groups can join and then leave treatment, 
the treatment effect becomes 

𝛿𝛿𝑔𝑔,ℓ = 𝐸𝐸 [𝑌𝑌𝑔𝑔,𝐹𝐹𝑔𝑔−1+ℓ(𝟎𝟎𝐹𝐹𝑔𝑔−1, 𝟏𝟏𝐸𝐸𝑔𝑔−𝐹𝐹𝑔𝑔+1, 𝟎𝟎𝐹𝐹𝑔𝑔−1+ℓ−𝐸𝐸𝑔𝑔) − 𝑌𝑌𝑔𝑔,𝐹𝐹𝑔𝑔−1+ℓ(𝟎𝟎𝐹𝐹𝑔𝑔−1+ℓ ) ∣ 𝑫𝑫], 

where 𝐹𝐹𝑔𝑔 − 1 +  ℓ > 𝐸𝐸𝑔𝑔. 

 

In this case, groups exit treatment at various times, so the effect 𝛿𝛿𝑔𝑔,ℓ reflects the impact 
of being treated for a varying number of periods. For example, one group might have been 
treated for 𝐸𝐸𝑔𝑔 − 𝐹𝐹𝑔𝑔 + 1  periods (the time they were in treatment) and then ceased 
receiving treatment 𝐹𝐹𝑔𝑔 − 1 +  ℓ − 𝐸𝐸𝑔𝑔 periods before the outcome is measured. The effect 
can be interpreted as the average effect of having been exposed to a higher level of 
treatment for ℓ  periods.  

The above interpretation of the treatment effects applies to both subsidy analyses, as 
firms can enter and exit subsidy programs at different points in time. 

The dependent variables examined differ between the analyses of the effects of 
compensation subsidies and R&D subsidies, reflecting the distinct objectives of each 
program. Compensation subsidies are intended to enhance the competitiveness of 
recipient firms. Accordingly, the key dependent variables in our analysis include the 
number of employees, value added, and value added per employee. In contrast, R&D 
subsidies aim to foster innovation, which may be reflected in increased patenting activity. 
Therefore, for the analysis of R&D subsidies, the dependent variables are patent citation 
stocks from the EPO and USPTO. To address data skewness and facilitate interpretation, 
the dependent variables in both of our subsidy analyses are log-linearized.  

Given that treated and control firms remained somewhat different after matching, 
particularly in terms of firm size, we also estimate models including various background 
characteristics as explanatory variables. The control variables in our analysis of the 
compensation subsidy are the size of the firm (binned, e.g. 50-249 employees), the 
cumulative sum of all R&D subsidies that the firm has received, the cumulative aggregate 
value of additional (or “extra”) emission allowances allocated to the firm, and the yearly 
value of refunds received from energy taxes. 

Many firms in our sample receive multiple types of subsidies simultaneously and may 
also participate in the EU ETS, so these variables are included to control for overlapping 
retaining and renewing subsidy schemes and to isolate the specific effect of the 
compensation subsidy. 

In the analysis of the impacts of R&D subsidies, the control variables include the number 
of employees and a binary indicator for foreign ownership. Additionally, we account for 
the total value of energy-related subsidies or benefits, defined as the sum of the 
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compensation subsidy, energy tax refunds, and extra emission allowances. The total 
amount of these subsidies may influence the effectiveness of R&D subsidies by shaping 
firms’ financial constraints and investment decisions. Including this aggregate measure 
may help to isolate the specific impacts of R&D subsidies from those of other financial 
support. 

Patenting activities are likely to differ substantially across sectors due to variation in 
innovation intensity, market dynamics, technological opportunities, and the stage of 
innovation, and therefore incorporating sector-specific trends is essential to ensure more 
accurate estimation of the effects of R&D subsidies. While these trends are particularly 
relevant for patent-related analysis, they are included for the analysis of the 
compensation subsidy as well, to provide a comprehensive comparison across model 
specifications. 

 

5 Results 

5.1 Compensation subsidy & Electrification aid 
We report the empirical findings concerning the impacts of the compensation subsidy 
and the Electrification Aid in Table 4. The results are reported using three different model 
specifications: column (1) excludes control variables, column (2) includes the control 
variables outlined in the previous section, and column (3) incorporates the control 
variables and allows for the sector-specific trends.  

Regarding the model in column (3), the sample that is used to study the compensation 
subsidy is relatively small, and as such different trends in each sector may not be clear. 
Additionally, it is worth noting that when the sector-specific trends are allowed, the 
placebo effect in year -1 becomes statistically significant for value added and value 
added per employee. This could indicate some anticipatory effects, particularly since the 
firms applied for the subsidy a year before receiving it. However, these results should be 
interpreted with caution due to the small number of firms within each sector. For these 
reasons, our main specification is the model with control variables but no varying sector 
trends in column (2). 
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Table 4: Estimation results for the effects of the compensation subsidy 
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Figure 4 visualizes the results of our main specification. The red vertical lines are the 
confidence intervals. As can be seen, the placebo effects are not statistically significant, 
which supports the parallel trends assumption.  

 
Figure 4: Compensation subsidy results with the main specification 

 

Overall, the findings suggest that the compensation subsidy did not have statistically 
significant impacts on any of the dependent variables. While some years show negative 
effects on the number of employees at the 10% significance level, this level is not 
considered a strong indicator of significance. Without the control variables, this effect 
is more significant. The controls include the binned firm size with five different size 
categories (0-9, 10-49, 50-249, 250-499 and 500+ employees), which is naturally 
correlated with the number of employees. Nevertheless, including this control variable 
considers the possible differences in employment characteristics within firms of 
different sizes.  

Although the estimated coefficients are predominantly negative, the large standard 
errors reduce the precision of these estimates. The estimation method does not display 
the direct effects of control variables; however, a comparison between columns (1) and 
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(2) shows minimal differences. Notably, including control variables reduces the 
statistical significance of the effects, suggesting that factors such as firm size partially 
influence the outcomes. This is the most visible with the number of employees, as 
noted. 

With some possible negative effects on employment numbers, the results overall show 
that the compensation subsidy did not produce positive outcomes on the performance 
metrics analyzed. This result suggests that the subsidy has not been effective in its 
intended purpose of improving firm competitiveness. 

 

5.2 R&D subsidies 
Next, we present the findings on the impacts of R&D subsidies in  

 

Table 6. The results are reported using the same three specifications as in Table 4. As 
discussed above, column (3) represents the most appropriate specification, as it allows 
for sector-specific trends, which are crucial given the substantial variation in patenting 
activities across sectors. 

The estimation results reveal that R&D subsidies significantly increase the total number 
of USPTO patent filings, including patents related to climate change mitigation 
technologies. Additionally, all EPO patent filings begin to rise starting from the third year 
after the subsidy, with the overall effect being both positive and statistically significant. 
However, no statistically significant effects are observed for EPO climate change 
mitigation technology patents. This could partly be due to the relatively low volume of 
patenting activity in this category, resulting in insufficient observations to achieve 
significant results. Table 5 provides the number of observations with some patenting 
activity for each patent type, and the count for EPO green patents is notably lower 
compared to other categories. 

 

Table 5: Statistics for the patent stock values 

 

Group 
  

USPTO USPTO: green 
patents EPO EPO: green patents 

Treated Mean 0.64 0.32 0.90 0.84 
 Standard deviation 4.63 3.78 6.46 10.05 
 Obs with positive values 463 141 227 92 
Control Mean 0.16 0.01 0.22 0.03 
 Standard deviation 1.78 0.26 2.47 0.61 
 Obs with positive values 131 7 114 22 
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Table 6: Estimation results for the effects of R&D subsidies 

(1) (2) (3)
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Since we use the logarithmic form of the dependent variables, the effects are expressed 
as percentage differences. In difference-in-difference analyses, log-transformed 
dependent variables indicate differences in growth rates between the treated and control 
groups (McConnell, 2024). Our empirical approach compares both the differences with 
the untreated control group and with switchers, leading to a slightly different 
interpretation. Specifically, our results approximate the differences in the growth rates of 
patent stocks when firms receive subsidies versus when they do not. 

For instance, in the case of the total effect on USPTO green patents, the interpretation is 
that receiving the subsidy increases the normalized patent citation stocks by (𝑒𝑒0.543 −
1) ∗ 100% = 72% compared to when the firms do not receive subsidies. The effects of 
the subsidies are therefore significant in relative terms. In the case of all USPTO patents, 
the difference is 197%, and for all EPO patents it is 155%. To provide additional context, 
Table 5Error! Reference source not found. presents the mean values for each type of 
patent stock. The larger growth rates observed for subsidy recipients suggest that the 
differences between recipients and non-recipients will become even more pronounced 
over time. 

As illustrated in Figure 5, the placebo effects in the estimations concerning the impacts 
of R&D subsidies were statistically insignificant, reinforcing the robustness of the results. 
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Figure 5: R&D subsidy results with the main specification 

6 Conclusions 
This study investigated the economic impacts of subsidies allocated on energy-intensive 
firms in Finland, focusing on the following primary types: EU ETS indirect cost 
compensation and the Electrification Aid, and R&D subsidies. The analysis offers insights 
into the effectiveness of these measures in enhancing competitiveness, fostering 
innovation, and facilitating the transition to a low-carbon economy.  

Our results indicate that the EU ETS indirect cost compensation subsidy and its 
successor, Electrification Aid, did not lead to statistically significant improvements in the 
economic outcomes of recipient firms. The estimated impacts on employment, value 
added, and labor productivity were negative, albeit mostly not statistically significant. 
These findings suggest that the subsidies may not have effectively achieved their 
objectives of enhancing competitiveness and preserving jobs in energy-intensive 
industries. 

Several factors may explain the lack of measurable impacts. First, the wide confidence 
intervals highlight sample size limitations, which may have hindered the detection of 
small effects. Second, the subsidies might have primarily served as financial support 
than as drivers of efficiency or innovation. Notably, the compensation subsidy faced 
criticism for its design lacking incentives for greener production methods or energy 
efficiency enhancements. Although Electrification Aid sought to address these issues by 
requiring at least 50% of the subsidy to fund development measures, its short 
implementation period limited our ability to assess its long-term impacts. 

In contrast, the analysis of R&D subsidies yielded more encouraging results. R&D 
subsidies were associated with a statistically significant increase in climate change 
mitigation technology patent citation stocks for patents filed with the USPTO. In addition, 
total USPTO and EPO patent citation stocks demonstrated significant growth across the 
examined years, indicating broader support for innovation. 

These findings underscore the greater potential of R&D-focused policies to drive long-
term economic and technological advancements compared to compensatory support 
measures. While the R&D subsidies demonstrated positive impacts on innovation, the 
EU ETS indirect cost compensation and Electrification Aid failed to significantly enhance 
competitiveness, raising questions about their efficiency and design. This suggests that 
alternative mechanisms, such as direct incentives for energy efficiency and greener 
production methods, may be more effective in achieving policy goals. 

This study acknowledges certain limitations, particularly regarding sample size and data 
availability for studying the impacts of compensation subsidies. Despite these 
constraints, the findings underscore the need for more targeted funding strategies that 
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align subsidies with both environmental and economic objectives. To maximize their 
effectiveness, subsidies should be carefully designed and subject to evaluation to ensure 
their alignment with sustainability goals. Policymakers should prioritize evidence-based 
approaches, iterative assessments of subsidy programs, and adaptive frameworks to 
ensure that subsidies effectively support industrial renewal and sustainable economic 
growth. 
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Appendix 

Robustness checks 

Compensation subsidy effects: alternative econometric method 
As an alternative empirical approach, we employ the Event Study Interact methodology 
developed by Sun and Abraham (2021) to analyze the effects of the Electrification Aid. 
The Event Study Interact approach is suited for examining dynamic treatment effects in 
settings with staggered adoption of the treatment. It extends the standard event study 
framework by allowing for interaction effects and addressing potential biases arising 
from differential timing of treatment adoption. 

The core specification of the Event Study Interact model can be represented as follows: 

𝑌𝑌𝑖𝑖𝑖𝑖 = 𝛼𝛼𝑖𝑖 + 𝛾𝛾𝑖𝑖 + ∑ 𝛽𝛽𝑘𝑘𝐷𝐷𝑖𝑖𝑖𝑖
𝑘𝑘

𝑔𝑔∈𝐾𝐾
+ ∑ 𝛿𝛿𝑘𝑘𝐷𝐷𝑖𝑖𝑖𝑖

𝑘𝑘 𝑋𝑋𝑖𝑖𝑖𝑖
𝑔𝑔∈𝐾𝐾

+ 𝜖𝜖𝑖𝑖𝑖𝑖 

where 

• 𝑌𝑌𝑖𝑖𝑖𝑖 is the outcome variable for unit i at time t, 

• 𝛼𝛼𝑖𝑖 represents unit fixed effects, 

• 𝛾𝛾𝑖𝑖 represents time fixed effects, 

• 𝐷𝐷𝑖𝑖𝑖𝑖
𝑘𝑘  is an indicator variable that equals 1 if unit 𝑖𝑖 is 𝑘𝑘 periods away from treatment 

at time 𝑡𝑡, and 0 otherwise, 

• The set K collects disjoint sets g of relative periods 𝑘𝑘 ∈ [−𝑇𝑇, 𝑇𝑇]. Some relative 
periods are allowed to be excluded from the specification to avoid 
multicollinearity. The excluded set is denoted with 𝑔𝑔𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = {𝑘𝑘 ∶ 𝑘𝑘 / ∈ ∪𝑔𝑔∊𝐾𝐾 𝑔𝑔}, 

• 𝑋𝑋𝑖𝑖𝑖𝑖 is a vector of covariates that may interact with the treatment effect, 

• 𝜖𝜖𝑖𝑖𝑖𝑖 is the error term. 

The coefficients 𝛽𝛽𝑘𝑘 capture the average treatment effects at different time periods 
relative to the treatment event. The interaction terms, captured by 𝛿𝛿𝑘𝑘, allow for 
heterogeneous treatment effects conditional on covariates. 

The control variables 𝑋𝑋𝑖𝑖𝑖𝑖 that are included in our analysis are the same as in the main 
specification. 
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Figure A1: Event study graphs 

As illustrated in Figure A1 and Table A1, the findings align closely with our main 
specification, indicating that the compensation subsidy does not exhibit any statistically 
significant impact on the dependent variables. 

 

Table A1: Detailed results for the event study interact analysis 
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Dependent variables in levels 

Tables A2 and A3 present our estimation results using dependent variables in levels 
rather than logarithms. As shown, the results remain consistent with this alternative 
method. For the compensation subsidy, Table A2 indicates no significant impacts, 
aligning with the findings from our main specification. 

Table A3 displays the results for the R&D subsidy analysis. Once again, the results exhibit 
similar signs and significance levels as those in the main specification. The only 
exception is for USPTO patents, where the estimated coefficients are not statistically 
significant. These results are interpreted as the differences in patent stock growth when 
firms receive subsidies. 

For context, the mean USPTO patent stock is 0.64 for the treated group and 0.16 for the 
control group, suggesting that the overall effect of 1.57 would represent a relatively large 
impact, consistent with our main findings. However, in this case, the large standard errors 
render the effect statistically insignificant. 
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Table A2: Compensation subsidy results 
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Table A3: R&D subsidy results 
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