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All related economic actors have been interested in combating climate change as consistent with 

developing interest in environmental issues. In this context, R&D investment funds can be highly 

beneficial in developing environmental patents, which may have a key role in solving environmental 

problems. Accordingly, the study analyzes the marginal effect of sub-types of R&D investments on 

environment-related patents by focusing on the USA and Canada as the leading R&D investing 

countries, using data between 1990 and 2021, and adopting a kernel-based regularized least squares 

(KRLS) model. The results show that on the patents (i) R&D investments in cross-cutting 

technologies/research, nuclear, and renewable have a stimulating effect in the USA; (ii) R&D 

investments in renewable support the increase in Canada; (iii) in both USA and Canada, R&D 

investments in fossil fuels have a decreasing effect, whereas R&D investments in energy efficiency have 

no significant effect; (iv) Among all, R&D investments in cross-cutting technologies/research 

(renewable) have the highest increasing effect on the patents in USA (Canada); (v) marginal effect of the 

sub-types of R&D investments on the patents varies across factors, countries, and percentiles; (vi) the 

KRLS model has a high prediction performance, reaching ~97.1%. Overall, the study emphasizes the 

average and pointwise marginal effects of R&D investments on the patents, which imply that R&D 

investments should be re-distributed by considering their effects on the patents so that a successful 

policy on environmental patents can be designed by benefitting energy-related R&D investments.
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1.  INTRODUCTION 

As environmental pollution has reached a level that threatens the world's future, measures have to 
be implemented at global and regional levels (Kartal & Pata, 2023). Governments implement strict 
environmental policies to achieve sustainable development, reduce pollution, and prevent 
environmental problems, where companies invent innovations to increase productivity (Jin et al., 
2022). As the Porter hypothesis argues, companies invest in inventing innovations to control energy 
and waste management due to government regulatory pressures (Porter & Van Der Linde, 1995a-b). 
Recent studies have identified the effects of stringency environment policies. For example, Depren et 
al. (2023) examine the effect of environmental taxes on environmental quality in Nordic countries; 
Kartal et al. (2024a) investigate the mitigating effect of EPS on sectoral GHG in Finland and Sweden; 
Kartal et al. (2024b) examine the effectiveness of energy-related R&D expenditures and energy 
transition in reducing CO2 emissions for Nordic countries. These studies have empirically proven 
that environmental policies and R&D investments are essential arguments for environmental 
improvement. 

To curb the adverse effects of fossil fuel consumption on the environment, policymakers try to 
encourage the development of environmental technology and green patents to improve energy 
efficiency in most countries (Kwon et al., 2017). One of the most important sources of productivity 
growth is the increase in patent applications, a gauge of innovation. While the increase in the patent 
numbers is accepted as an innovation indicator, it significantly contributes to productivity growth 
and economic growth (Link et al., 2019). Countries leading in patents and innovation gain a severe 
advantage in global competition by creating and pioneering technology. Therefore, developing 
policies and incentive mechanisms to encourage patent production is essential. In this sense, 
increasing R&D expenditures provides a severe opportunity to patent output. 

Increasing the number of patents is essential in increasing industrial production, encouraging 
technological development, and providing economic growth. As the rise in environmental pollution 
causes severe and irreversible problems in global dimensions, it necessitates the search for solutions 
to reduce and prevent environmental pollution. For this reason, increasing the number of patents 
developing green technology, which refers to technologies that encourage environmentally friendly 
production and make more efficient use of renewable energy sources, will also provide essential 
tools to reduce environmental pollution and achieve the net-zero target. Therefore, more R&D 
expenditures are needed to increase the environmental patent applications. 

Based on Porter's hypothesis, the fact that EPS practices force firms to invent environment-related 
technology to avoid government sanctions and pay less environmental taxes raises the question of 
whether there is a relationship between patent applications and governments’ R&D expenditures. 
Because the USA and CAN are among the top countries producing environmental patents according 
to 2021 data (OECD, 2024) and also because these countries are the two countries with the highest 
R&D investment according to 2021 data (IEA, 2024), the USA and CAN are analyzed in the research. 
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Fig. 1 presents the progress of environmental pates in the USA and CAN. 

 

Notes: The unit is the number. 

Fig. 1. The Progress of Environmental Patents in the USA and CAN 

 

As shown in Fig. 1, the USA and CAN’s environmental patents have been developing between 1990 
and 2021, which are leaders on a global scale. In comparison, CAN had a clear superiority between 
1990-2009. After 2010, the USA has produced more environmental patents than CAN. However, it is 
remarkable that both countries have had a slight downward trend in environmental patents in 
recent years. 

Fig. 2 shows the evolution of energy-related R&D investments in the USA over time. 

 

 

Notes: The unit is a million USD. 

Fig. 2. The Progress of Energy-Related R&D Investments in the USA 
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Fig. 2 shows that the share of CCS and EEF in the total has increased over time, while there was a 
significant jump in RDF in 2009. Also, Fig. 3 shows the evolution of energy-related R&D investments 
in the CAN across the years.  

 

 

Notes: The unit is a million USD. 

Fig. 3. The Progress of Energy-Related R&D Investments in CAN 

 

Until 2010, the share of RDN was significant, but its share decreased in the following period. On the 
other hand, RDF has been increasing since 2008. As of 2017, EEF has been growing and has had the 
highest share in recent years 

Considering the above-mentioned explanations, examination of the relationship between environ-
mental patents and energy-related R&D investments is highly critical. Accordingly, the study aims to 
reveal the relationship between environmental patents and R&D investments. For this purpose, the 
KRLS method is used to investigate the USA and CAN, which make the highest R&D expenditures and 
are pioneers in producing environmental patents for 1990-2021. In this way, the study searches for 
the answers to the marginal effect of energy-related R&D investments on environmental patents. 
The study summarily defines that energy-related R&D investments have varying average and 
pointwise marginal effects on environmental patents, where energy-related R&D investment sub-
types have various effects across the countries examined.  

The second section reviews the literature; the third section explains the methods; the fourth section 
presents the empirical results; and the last section concludes 

2.  LITERATURE REVIEW 
Unlike this study, if the literature is analyzed, no study directly probes the effect of energy-related 
R&D investments on environmental patents. For this purpose, a summary of the studies that explain 
environmental patents by using explanatory variables related to the environment and energy issues 
is presented. 

Horbach (2008) proves that knowledge capital and environmental regulations, which he uses as an 
indicator of technological capability with firm-level data for Germany in support of the Porter 
hypothesis, increase environmental innovations. Johnstone et al. (2011) provide evidence that 
perceived EPS positively affects environmentally related technologies in 77 countries. 
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Cho and Sohn (2018) empirically prove that disaggregated green R&D expenditure is vital to 
increasing the number of patents in France, Germany, Italy, and the United Kingdom. Link et al. 
(2019) show that an improvement in R&D expenditures brings about a two-fold increase in new 
patent applications, according to their research results for the USA. 

Roh et al. (2021) prove that firms' intellectual property rights and government incentives have a 
practical and positive influence on increasing process innovation and green products. 

Recent firm-level studies on China have increased in related applied research. In these studies, it is 
noteworthy that different explanatory variables are used to improve green technology and 
innovation in Chinese firms. Chen and Chen (2021) draw attention to the fact that green patent 
share, R&D reaction, R&D efficiency, and economic scale have a significant and positive effect on 
increasing green patent applications with findings for China. Ren et al. (2021) investigate 
governmental support for corporations' environmental innovation capabilities in Chinese 
governmental manufacturing companies and find that government subsidies have no practical 
influence on environmental innovation. Cui et al. (2022) investigated the effect of the program 
implemented by the Chinese government on green patents in their research on Chinese firms. The 
research results show that the Chinese government's regulation increases green patents. 

Similarly, Liu et al. (2022), again different from other studies for Chinese firms, prove that digital 
finance positively increases business green innovation by reducing financial limitations and 
incentivizing R&D expenditure. This effect is steadily higher in economically backward regions and 
highly polluting industries. Wang et al. (2023) show that ESG ratings for China bolster firm’s green 
innovation. This positive effect is particularly reported for non-state-owned enterprises and firms 
with high financial constraints. Zhou et al. (2023) show that ESG ratings are vital for increasing the 
effectiveness of green technology innovation in Chinese companies. They explain that this positive 
effect alleviates financial constraints and encourages firms to be more risk-averse. 

Xie et al. (2023) argue that green innovation and EPS are compelling arguments for reducing CO2 
emissions in OECD countries. In addition, it is seen that the level of benefits of green technologies is 
increased due to the enforcement of strict environmental rules and the widespread utilization of 
environmentally friendly technology. 

Considering the literature on related empirical applied research, it is noteworthy that the number of 
studies investigating the effect of detailed and disaggregated Energy-Related R&D Investments on 
environmental patents is quite limited. The typical finding is that R&D expenditures on the 
environment increase environmental patents (Cho & Sohn, 2018; Link et al., 2019; Chen & Chen, 
2021). This situation points to a critical research gap in the relevant literature. Thus, these research 
findings aim to contribute to the related literature. 

3.  METHODS 

3.1 Data and Variables 

This investigation analyzes the effect of R&D investment sub-types on the patents. In this context, the 
study focuses on the cases of the USA and CAN because they are the leading countries in terms of 
R&D investments and environment-related patents according to data for the 2021 year (IEA, 2024; 
OECD, 2024).  

Compatible with the developing interest in environmental issues, the study focuses on environment-
related patents. In line with the contemporary literature (e.g., Orlando et al., 2020; Xiong & Luo, 
2023; Yin et al., 2023; Dahmani, 2024), the study considers R&D investments and includes sub-types 
for empirical analysis.  

The study uses data from 1990 through 2021 as the most up-to-date data. Data on patents is collected 
from the OECD (2024), and data on sub-types of R&D investments is gathered from the IEA (2024).  
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Table 1 presents the details of the variables. 
 

Table 1. Variables 
Symbol Definition Unit Data Source 
PAT  Environment-Related Patents Number OECD (2024) 
CCS  R&D investments in cross-cutting technologies/research 

Million 
USD 

IEA (2024) 
EEF  R&D investments in energy efficiency 
RDN  R&D investments in nuclear 
RDR  R&D investments in renewable  
RDF  R&D investments in fossil fuels 

 

 
3.2. Empirical Procedure 

Fig. 4 demonstrates the procedure followed in the empirical investigation. 

 

Fig. 4. Empirical Procedure 

 

To make a comprehensive empirical investigation, the study applies 5 steps (i) examination of 
fundamental statistics; (ii) analysis of correlation matrix; (iii) testing the nonlinearity status of the 
variables using the BDS test (Broock et al., 1996); (iv) applying the KRLS model for AME (Hainmuel-
ler & Hazlett, 2014); and (v) performing the KRLS model for PME (Hainmueller & Hazlett, 2014). 
Hence, the effect of sub-types of R&D investments on the patents in the USA is examined across AME 
and PME by performing a machine learning-based KRLS model as compatible with the recent 
literature (Kartal et al., 2024c). 

In the application of the machine learning-based KRLS model by following up the empirical proce-
dure shown in Fig. 4, the study considers Eq. (1):  

PAT = f (CCS, EEF, RDN, RDR, RDF)  (1) 

In this way, the study tries to find answers to the research questions below:  

 What types of effect do R&D sub-types have on the patents in the USA and CAN? 

 How marginal effect do R&D sub-types have on the patents in the USA and CAN? 

 Does the effect of R&D sub-types on the patents vary across average and marginal increases? 

4.  EMPIRICAL RESULTS 

4.1 Preliminary Statistics 

Table 2 shows the fundamental statistics of variables used in the study for both the USA and CAN. 
  

Fundenmental  

Statistics 

Correlation  

Matrix 

Nonlinearity 

Test 

KRLS Model 

for AME 

KRLS Model 

for PME 
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Table 2. Fundamental Statistics 

Country Variable Mean Median Max Min SD JB Prob. 

USA 

PAT 27,375.94 28,625.50 45,757.00 7,841.00 14,000.99 3.31 0.1910 

CCS 1,935.94 1,750.39 3,201.69 6.90 853.80 0.56 0.7554 

EEF 1,248.34 922.57 2,932.68 373.46 748.00 4.55 0.1029 

RDN 1,024.33 1,069.35 1,928.17 413.79 433.79 1.27 0.5297 

RDR 791.54 471.81 3,045.90 224.11 624.82 33.29 0.0000 

RDF 790.38 633.90 4,635.12 290.41 761.87 565.55 0.0000 

CAN 

PAT 32,882.69 34,861.50 41,051.00 20,350.00 5,375.72 3.35 0.1871 

CCS 28.43 25.97 56.88 4.94 15.04 2.25 0.3254 

EEF 123.40 88.47 374.41 45.71 87.96 25.60 0.0000 

RDN 168.56 149.04 335.79 66.10 75.56 2.18 0.3355 

RDR 76.11 65.80 202.09 16.13 55.00 2.43 0.2971 

RDF 210.85 172.53 772.74 71.97 161.75 39.75 0.0000 

Notes: SD and JB imply the Standard Deviation and Jarque-Bera, respectively. 

 

According to the results given in Table 2, PAT has a higher mean and median in CAN (Mean = 
32,882.69, Median = 34,861.50) compared to the USA (Mean = 27,375.94, Median = 28,625.50), 
indicating more patent activity in CAN. Among the independent variables, CCS and EEF are 
substantially higher in the USA (1,935.94 and 1,248.34) than in CAN (28.43 and 123.40), suggesting a 
greater focus on CCS and EEF in the USA. This pattern is consistent across RDN, RDR, and RDF where 
the USA again shows higher average investments. According to the JB test results, it can be said that 
the distribution of RDR and RDF in the USA and EEF and RDF variables do not fit the normal 
distribution. These findings indicate a need for a robust and assumption-free statistical model like 
the KRLS to account for non-normality.  

4.2 Correlation Matrix 

The descriptive statistics are followed by the bi-variate correlations for each country, which are 
given in Table 3. 

Table 3. Correlation Matrix 

Country Variable PAT CCS EEF RDN RDR RDF 

USA 

 PAT  1.00      

 CCS  0.64 1.00     

 EEF  0.75 0.40 1.00    

 RDN  0.43 0.25 0.46 1.00   

 RDR  0.65 0.10 0.73 0.36 1.00  

 RDF  -0.03 -0.48 0.31 0.28 0.53 1.00 

CAN 

 PAT  1.00      

 CCS  0.40 1.00     

 EEF  0.17 0.31 1.00    

 RDN  -0.37 -0.53 -0.20 1.00   

 RDR  0.64 0.27 0.56 -0.03 1.00  

 RDF  0.41 0.31 0.25 -0.05 0.73 1.00 

Notes: Values denote the correlation coefficients. 

According to Table 3, the bivariate correlations between PAT and EEF, RDR, and CCS are significantly 
high in the USA, while the correlation between PAT and RDN is moderate. Additionally, the 



Taşkın et all.:  How Are Energy-Related R&D Investments Effective on Environment-Related Patents?                     

Empirical Evidence from the USA and Canada 

122 

correlation between PAT and RDF is not significant and is close to zero. In contrast, in CAN, the bi-
variate correlations between PAT and RDR, RDF, CCS, and EEF are positive but not strong. Further-
more, there is a moderate negative correlation between PAT and RDN. Examining the bi-variate 
correlations among the independent variables reveals significant correlations in both countries. In 
the USA, significant correlations are observed between EEF and RDR (0.73), RDR and RDF (0.53), 
and CCS and RDF (-0.48). In CAN, significant correlations exist between RDR and RDF (0.73), EEF 
and RDR (0.56), and CCS and RDN (-0.53). 

4.3 Nonlinearity Test 

The BDS nonlinearity test is performed to understand the linear characteristics of variables used in 
the study in two countries. Table 4 shows the BDS nonlinearity test results.  

 
Table 4. Nonlinearities of the Variables 

Country Variable 
Dimensions 

Decision 
2 3 4 5 6 

USA 

 PAT  0.0000 0.0000 0.0000 0.0000 0.0000 NL 

 CCS  0.0000 0.0000 0.0000 0.0000 0.0000 NL 

 EEF  0.0000 0.0000 0.0000 0.0663 0.5155 M 

 RDN  0.0000 0.0000 0.0000 0.0000 0.0000 NL 

 RDR  0.0000 0.0000 0.0000 0.0000 0.0000 NL 

 RDF  0.0000 0.0000 0.0001 0.0004 0.0012 NL 

CAN 

 PAT  0.0000 0.0000 0.0000 0.0000 0.0000 NL 

 CCS  0.0000 0.0000 0.0000 0.0000 0.0000 NL 

 EEF  0.0000 0.0263 0.8151 0.0000 0.0000 M 

 RDN  0.0000 0.0000 0.0000 0.0000 0.0000 NL 

 RDR  0.0000 0.0000 0.0000 0.0000 0.0000 NL 

 RDF  0.0000 0.0000 0.0001 0.0004 0.0012 NL 

Notes: Values show the p-values. M and NL represent mixed and nonlinear, respectively. 

In the results given in Table 4, it can be said that all variables except EEF in the USA have a nonlinear 
structure in different dimensions for both two countries. Thus, it is evaluated that the model that can 
handle the nonlinearity structure of the data should be used for the analysis. Since the KRLS model 
has no strict assumptions on the distribution of the data, it is decided to perform the model to 
measure the robust predictions. 

4.4 AME Results by KRLS Model 

In the fourth step of the empirical procedure, which is applying the KRLS model for each country, the 
results of the KRLS model for the USA and CAN are given in Table 5. 
 

Table 5. AME Results for the USA and CAN 

Country Variable AME SE t P>t P25 P50 P75 R2 

USA 

 CCS  6.34 1.66 3.82 0.00 0.76 9.21 10.71 

92.8 

 EEF  0.67 1.98 0.34 0.74 -2.26 1.18 2.66 

 RDN  5.85 1.94 3.02 0.01 5.15 7.72 11.22 

 RDR  4.65 2.27 2.05 0.05 2.35 4.40 7.40 

 RDF  -4.97 2.14 -2.32 0.03 -8.13 -3.25 -1.49 

CAN 

 CCS  -47.13 19.74 -2.39 0.02 -170.07 10.52 53.89 

97.1 

 EEF  -4.14 4.97 -0.83 0.41 -10.87 -2.06 4.26 

 RDN  -16.58 3.11 -5.33 0.00 -31.54 -18.01 5.11 

 RDR  64.50 5.61 11.49 0.00 -0.61 34.93 131.53 

 RDF  -6.75 2.44 -2.76 0.01 -18.03 -8.57 -0.19 

Notes: SE is the standard error; P25, P50, and P75 represent the 25th, 50th, and 75th percentile. 
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It is revealed that all independent variables have a significant effect on PAT for both countries, except 
EEF. Once the way and magnitude of the effect are analyzed for each independent variable, it is seen 
that CCS and RDN have a positive effect in the USA while their effects are negative in CAN. On the 
other hand, it is shown that RDR (RDF) has a positive (negative) effect on PAT in the USA (CAN) as 
well. In addition, the effect of independent variables in different quantiles is also evaluated for each 
country. The most important finding is that the effect of CCS, RDN, and RDR on PAT increases from 
the lower to upper quartiles while RDF's effect decreases from the lower to upper quartiles in the 
USA. Contrary to the USA, in CAN, the effect of CCS, EEF, RDN, and RDF decreases from lower to 
higher quantiles. However, similar to the USA, the effect of RDR increases from the lower to higher 
quantiles in CAN. Finally, the R2 is above 90% for both countries. More specifically, in the USA, 92.8% 
of the variation in the dependent variable can be explained by the independent variables used in the 
model. This ratio is 97.1% in CAN. 

4.5 PME Results by KRLS Model 

The last step of the methodological procedure is to evaluate the PME results obtained by the KRLS 
model for each country. These results are visualized in Fig. 5 for the USA. 

  

  

 
Fig. 5. PME Results for the USA 
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In Fig. 5, it is revealed that the effect of RDN, RDR, and RDF on PAT has a decreasing trend if PAT 
increases. On the other hand, the effect of EEF is almost stable around zero for each value of PAT. 
This result confirms the conclusion that the effect of EEF on PAT is not significant. Additionally, the 
effect of CCS on PAT has a complex structure. More specifically, its effect is around 10 up to 28.000 
levels of PAT, beyond this threshold it starts to decrease to zero. 

Also, the results are visualized in Fig. 6 for CAN. 

 

  

  

 

Fig. 6. PME Results for CAN 

 

In CAN, it is shown that the effect of CCS, RDN, RDR, and RDF on PAT decreases when the values of 
PAT increase. Similar to the results obtained from the USA, the effect of EEF is almost stable around 
zero on average. Thus, it is revealed that its effect on PAT is not significant. However, two critical 
areas where the effect is significant: below 25.000 levels of PAT and the area where the PAT values 
are between 30.000 and 35.000 levels. 
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4.6 Empirical Summary 

Based on the all aforementioned results, the summary of the analysis is visualized in Fig. 7. 

 

 

USA 

 

CAN 

Notes: x, +, and – denote insignificant, increasing, and decreasing effect. 

Fig. 7. Summary of the Empirical Results 

 

The effect of EEF on PAT is not statistically significant in both the USA and CAN. Additionally, the 
direction of the effect of RDR and RDF is consistent across both countries, with RDR having a positive 
effect while RDF has a negative effect. However, the effect signs for CCS and RDN vary between the 
two countries.  

5.  CONCLUSION 

This study investigates the effect of sub-types of R&D investments on environment-related patents in 
the USA and CAN by adopting a KRLS model. The results show diverse effects of the R&D 
investments on patents. In the USA, CCS and RDR are found to significantly trigger environment-
related patents. However, RDF has negative effects on PAT, while EEF is insignificant. In CAN, RDR 
positively affects PAT, whereas CCS and RDN exhibit negative effects, highlighting a divergence in the 
effectiveness of these investments.  

The study further highlights dynamics regarding the difference of R&D investment types on 
quantiles. Both countries can be categorized with effects of CCS, RDR, and RDN increase in 
magnitude from lower to upper quantiles of PAT. These findings stress that these investments have 
stronger effects on firms with higher innovation capabilities. Conversely, RDF shows a decreasing 
effect across quantiles both in the USA and CAN, pointing to the fact that R&D investments in fossil 
fuels disrupt innovation in green technology. The investigation of the R&D investments by types also 
provides empirical insights that CCS investments stand as the most critical driver of environmental 
patents, while renewable energy-related R&D has the highest potential in CAN.  

The findings suggest that the design of R&D investment policies should take country-specific 
dynamics into account. Country-specific dynamics can focus on the type of technology adopted and 
the marginal effects of each type of R&D investment on patents. In the USA, R&D investments in 
cross-cutting technologies and renewable energy should be prioritized, given their strong and 
consistent positive effect on PAT. The negative effect of fossil fuel R&D stresses the need to phase out 
investments in these areas and reallocate resources to cleaner technologies. The negative effect of 
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CCS and nuclear energy R&D investments in CAN indicates potential inefficiencies or a mismatch 
between investment areas and technological outcomes. Policymakers should reassess the allocation 
of R&D funds, focusing more on renewable energy, which shows the highest positive effect on 
environmental patents. The results further highlight the importance of tailoring energy R&D policies 
to the specific economic, technological, and institutional characteristics of each nation. So, it is 
imperative to design policies by taking these differences into account.  

The KRLS results also convey that the effect of R&D investments varies across different levels of 
patenting activity. Accordingly, policymakers can target high-performing innovators (upper 
quantiles) with additional incentives in CCS, RDR, and RDN. Moreover, policymakers might provide 
support programs for low and mid-performing firms (lower quantiles) through capacity-building 
programs. Also, percentile-based funding strategies can be designed to ensure equitable distribution 
of resources.  

Fossil fuel R&D investments are found to be negatively effective on PAT in both countries, thus both 
countries should consider gradually reallocating RDF funding toward cleaner technologies. 
Moreover, schemes should be designed to provide support for industries reliant on fossil fuels to 
minimize economic disruptions. Policymakers should incentivize R&D investments in green energy 
by providing tax benefits or using other means.  

Future research might investigate the interactions between R&D investments and other external 
factors like government policies, market dynamics, and international collaborations. The results 
show the differing nature of the outcomes in different countries. Therefore, the analysis can be 
extended to other regions and emerging economies to expand the generalizability of the findings. 
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